
‘Planted forests provide society with a lot more than just timber -  
they are a rich source of ecosystem services and this fact needs to be 
more widely recognised. This book meets that important need.’ Jeff Sayer, 
Professor of Development Practice, James Cook University, Australia

‘This publication, produced by a renowned group of forest researchers and academics 
presents a fresh, balanced and well documented vision concerning the roles, potential 
benefits and challenges of planted forests, looking at the potential contribution of these 
valuable resources to the continuous and enhanced flow of ecosystem goods and  
services... I trust that readers will enjoy the book as much as I did.’
Emmanuel Ze Meka, Executive Director, International Tropical Timber Organization

Plantation forests often have a negative image. They are typically assumed to be poor 
substitutes for natural forests, particularly in terms of biodiversity conservation, carbon 
storage, provision of clean drinking water and other non-timber goods and services. 

Often they are monocultures that do not appear to invite people for recreation and other 
direct uses. Yet as this book clearly shows, they can play a vital role in the provision of 
ecosystem services, when compared to agriculture and other forms of land use or when 
natural forests have been degraded.

This is the first book to examine explicitly the non-timber goods and services provided 
by plantation forests, including soil, water and biodiversity conservation, as well as carbon 
sequestration and the provision of local livelihoods. The authors show that, if we require 
a higher provision of ecosystem goods and services from both temperate and tropical 
plantations, new approaches to their management are required. These include policies, 
methods for valuing the services, the practices of small landholders, landscape approaches 
to optimise delivery of goods and services, and technical issues about how to achieve 
suitable solutions at the scale of forest stands. While providing original theoretical insights, 
the book also gives guidance for plantation managers, policymakers, conservation practi-
tioners and community advocates, who seek to promote or strengthen the multiple-use of 
forest plantations for improved benefits for society. 

Jürgen Bauhus is professor of silviculture at Freiburg University, Germany. Peter van der 
Meer is a senior scientist in tropical forest ecology and sustainable use of biodiversity at 
Alterra, Wageningen, The Netherlands. Markku Kanninen is senior scientist at the Centre for 
International Forestry Research (CIFOR), whose headquarters are in Indonesia.

The earThscan ForesT Library
Key issues and innovations in forest practice, theory and policy

publ ishing for a sustainable future

w w w . e a r t h s c a n . c o . u k

Earthscan strives to minimize its impact on the environment

Front cover p
hoto (c) Jürgen Bauhus

Ecosystem Goods  
and Services from 
Plantation Forests

Th
e earTh

scan ForesT Library

JüRGEN BAUhUS, PETER vAN dER MEER 
ANd MARkkU kANNINEN

E d I T E d  B Y 

Ed
ITEd

 BY Jü
RG

EN
 BA

U
h

U
S,  

PETER vA
N

 d
ER M

EER A
N

d  
M

A
RkkU

 kA
N

N
IN

EN
p

u
b

lish
in

g
 fo

r a
 su

sta
in

a
b

le
 fu

tu
re

w
w

w
.e

a
rth

s
c

a
n

.c
o

.u
k

Ecosystem
 G

oods and Services 
from

 Plantation Forests

9 781849 711685

ISBN 978-1-84971-168-5

Forestry / Geography /  
Economics /  

Ecology and Conservation /  
Land Management



Ecosystem Goods and Services 
from Plantation Forests

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page i



3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page ii



Ecosystem Goods 
and Services from
Plantation Forests

Edited by
Jürgen Bauhus, Peter J. van der Meer

and Markku Kanninen

London • Washington, DC

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page iii



First published in 2010 by Earthscan

Copyright © Jürgen Bauhus, Peter van der Meer and Center for International Forestry Research
(CIFOR), 2010

The moral right of the author has been asserted. [include for authored works only assuming the
moral rights paragraph is retained in the contract]

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, except as expressly permitted by law, without the prior, written permission of the
publisher.

Earthscan Ltd, Dunstan House, 14a St Cross Street, London EC1N 8XA, UK
Earthscan LLC,1616 P Street, NW, Washington, DC 20036, USA
Earthscan publishes in association with the International Institute for Environment and
Development

For more information on Earthscan publications, see www.earthscan.co.uk or write to
earthinfo@earthscan.co.uk

ISBN: 978-1-84971-168-5 hardback

Typeset by FiSH Books
Cover design by Susanne Harris

A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
Ecosystem goods and services from plantation forests / edited by Jürgen Bauhus, Peter van der
Meer, and Markku Kanninen.

p. cm.
Includes bibliographical references and index.
ISBN 978-1-84971-168-5 (hardback)
1. Reforestation—Environmental aspects. 2. Sustainable forestry. 3. Forest products. 
4. Ecosystem management. I. Bauhus, Jürgen. II. Meer, Peter van der. III. Kanninen, Markku.
SD409.E25 2010
634.9—dc22

2010010744

At Earthscan we strive to minimize our environmental impacts and carbon footprint through
reducing waste, recycling and offsetting our CO2 emissions, including those created through
publication of this book. For more details of our environmental policy, see
www.earthscan.co.uk.

Printed and bound in the UK by TJ International, an ISO 14001 
accredited company. The paper used is FSC certified. [FSC LOGO] 

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page iv



Contents

Figures, Tables and Boxes vi
Contributors viii
Foreword xi
Preface xiii
Acronyms xvi

1 Plantation forests: global perspectives 1
Markku Kanninen

2 Quantifying and valuing goods and services provided by plantation
forests 16
Rudolf S. de Groot and Peter J. van der Meer

3 Managing forest plantations for carbon sequestration today and 
in the future 43
Hannes Böttcher and Marcus Lindner

4 Planted forests and water 77
Rodney J. Keenan and Albert I. J. M. Van Dijk

5 Silvicultural options to enhance and use forest plantation 
biodiversity 96
Jürgen Bauhus and Joachim Schmerbeck

6 Smallholder plantations in the tropics – local people between 
outgrower schemes and reforestation programmes 140
Benno Pokorny, Lisa Hoch and Julia Maturana

7 Policies to enhance the provision of ecosystem goods and services 
from plantation forests 171
Peter J. Kanowski

8 Ecosystem goods and services – the key for sustainable plantations 205
Jürgen Bauhus, Benno Pokorny, Peter J. van der Meer, Peter J.
Kanowski and Markku Kanninen

Glossary 228
Index 245

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page v



Figures, Tables and Boxes

Figures

1.1 Continuum of forest characteristics and definitions of different forest
types according to FAO 4

1.2 Area of productive forest plantations 1990–2005 5
1.3 The relative importance of plantations by area in relation to the 

total forest area, and the relative importance of protective plantations
by area in relation to the percentage of total forest 
areas of countries that have reported protective plantations 6

1.4 Plantation area by the intended end-use 1990–2005 7
1.5 Most commonly used species in plantations 8
2.1 Framework for integrated assessment and valuation of ecosystem

functions, goods and services 18
2.2 The total economic value framework 26
3.1 Overview of main effects of forest management options for 

mitigation 45
3.2 Carbon stock development in forests under different management

systems 47
3.3 Changes in carbon stocks in stem biomass, organic layers and 

mineral soil to 50cm depth, averaged over several chronosequences 50
3.4 Total potential sequestration per hectare for different forestry 

activities 51
3.5 Carbon stock of trees in forests in Finland, Germany, Spain and 

the UK for different rotation lengths 52
3.6 Mean annual harvests and wood assortments from Scots pine 

forests in Finland for different rotation lengths 53
3.7 Mean carbon stocks over the rotation of Scots pine forests in 

Finland for different rotation lengths 54
3.8 Net responses in productivity to various silvicultural treatments in

short-rotation and longer-rotation tree plantations 57
3.9 Trade-off between carbon sequestration/storage and other forest

ecosystem goods and services 64
3.10 Matrix guiding land management decisions for effective climate

change mitigation 65

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page vi



5.1 Frequency of relative yield totals of mixed-species plantations 
reported in the literature 103

5.2 Multi-scaled plans for forest biodiversity conservation 114
5.3 Disturbance of understorey vegetation through harvesting 

equipment in Eucalyptus grandis plantation, New South Wales,
Australia 121

6.1 Social effects of enterprise-initiated plantations 145
6.2 Analytical framework to explore plantation potential for 

smallholders 151
7.1 A governance framework for ecosystem goods and services from

plantation forests 184
8.1 With decreasing scale of management, the conflict between the

provision of different ecosystem services or forest values increases 212

Tables

1.1 Fast-growing plantations: main species and countries involved 10
2.1 Overview of forest services and examples of indicators for 

measuring function performance 21
2.2 Ecological valuation criteria and measurement indicators 24
2.3 Socio-cultural valuation criteria and measurement indicators 25
2.4 Monetary valuation methods, constraints and examples 27
2.5 Difference in provision of goods and services between natural and

plantation forests 29
2.6 Quantities of annual harvest from forest landscapes (state and

community forest) 35
2.7 Monetary value of annual benefits from forest landscapes 36
3.1 Mitigation and adaptation matrix 62
6.1 Classification of plantations and tree-related production systems 143
6.2 Expenditures for plantations (excluding land costs) 157
8.1 Estimated trade-offs between the effects of certain management

options on selected ecosystem goods and services 213

Boxes

1.1 Typology of planted forests 3
5.1 Attributes commonly used to characterize stand structure 120
5.2 Understorey plant species richness in plantations 124
6.1 Outgrower schemes 147
6.2 The ‘Götsch’ agroforestry system 148
6.3 Smallholder credits for reforestation in Vietnam 149
6.4 Agroforestry systems initiated by smallholders 150
8.1 FAO principles for the responsible management of planted forests 208

FIGURES, TABLES AND BOXES vii

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page vii



Contributors

Name Position
Professor Jürgen Bauhus University of Freiburg

Institute of Silviculture
Tennenbacherstr. 4
79106 Freiburg
Germany
juergen.bauhus@waldbau.uni-freiburg.de 

Dr Hannes Böttcher Forestry Program
International Institute for Applied Systems
Analysis
Schlossplatz 1
A-2361 Laxenburg
Austria
bottcher@iiasa.ac.at 

Dr Rudolf S. de Groot Environmental Systems Analysis Group
Wageningen University
PO Box 47
6700 AA Wageningen
The Netherlands
dolf.degroot@wur.nl 

Dr Lisa Hoch Deutsche Gesellschaft für Technische
Zusammenarbeit (GTZ) GmbH
Advisor
SCN Quadra 1 Bloco C Sala 1501
Ed. Brasília Trade Center
70.711-902 Brasília/DF
Lisa.hoch@gtz.de 

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page viii



Dr Markku Kanninen Center for International Forestry Research
(CIFOR)
Environmental Services and Sustainable Use of
Forests Program
Bogor
Indonesia
m.kanninen@cgiar.org 

Professor Peter J. Kanowski The Fenner School of Environment & Society
ANU College of Medicine, Biology &
Environment
Forestry Building 48, Linnaeus Way
The Australian National University
Canberra ACT 0200
Australia
peter.kanowski@anu.edu.au 

Professor Rodney J. Keenan Department of Forest and Ecosystem Science
The University of Melbourne
221 Bouverie St
Parkville, VIC 3010
Australia
rkeenan@unimelb.edu.au 

Dr Marcus Lindner The European Forest Institute
Head of Programme Forest Ecology and
Management
Torikatu 34 
80100 Joensuu 
Finland
marcus.lindner@efi.int 

Julia Maturana Economics School
Universidad Católica Santo Toribio
Av. Panamericana Norte 855
Chiclayo, Peru
jmaturana@usat.edu.pe 

Dr Benno Pokorny University of Freiburg
Institute of Silviculture
Tennenbacherstr. 4
79106 Freiburg
Germany
benno.pokorny@waldbau.uni-freiburg.de 

CONTRIBUTORS ix

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page ix



Dr Joachim Schmerbeck Lector – German Academic Exchange Service
TERI University
10, Institutional Area
Vasant Kunj
New Delhi 110070
India
jschmerbeck.daad@teriuniversity.ac.in 

Dr Peter J. van der Meer Teamleader Forest Ecosystems
Alterra – Wageningen University & Research
Centre
P.O.Box 47
6700 AA Wageningen
The Netherlands
peter.vandermeer@wur.nl 

Dr Albert I. J. M. Van Dijk CSIRO Land and Water
GPO Box 1666
Canberra ACT 2601
Australia 

x ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

3569 EARTH Ecosystem Goods  4/8/10  1:03 PM  Page x



Foreword 

When Dr. Juergen Bauhus invited me to write a foreword for the book
“Ecosystem Goods and Services from Plantation Forests”, I knew I was about
to enjoy a very interesting and motivating reading. All of its eight chapters
fulfilled my expectations. This publication, produced by a renowned group of
forest researchers and academics presents a fresh, balanced and well
documented vision concerning the roles, potential benefits and challenges of
planted forests, looking at the potential contribution of these valuable
resources to the continuous and enhanced flow of ecosystem goods and
services. 

The preliminary results of the FRA 2010 confirm the global trend of
expanding planted forest areas at an average of 5 million ha per year. And
presently, societies are expecting more from planted forests. Information on
how to approach forest plantations from a comprehensive set of market and
non-market benefits is inadequate, hence the value of this book in filling up
this gap. 

While the economic value of sustainably managed natural forests may be
higher than forest plantations, the latter is a clear option for degraded lands
and low-productivity agriculture and livestock areas. The book explains how
properly planned and implemented forest plantations can yield wide-ranging
benefits beside timber. In the context of developing new mechanisms to
generate financial compensation for forest environmental services, such as the
A/R CDM and REDD +, this is indeed very timely.

The self-contained chapters of the book allow for easy reading. The book
discusses the global perspectives of forest plantations as well as analyses their
contribution to carbon sequestration; their possible impacts on watershed
management, and the opportunities and state of knowledge on how plantation
forests contribute to biodiversity conservation. In presenting quantification
and valuation methods of ecosystem services from plantations as well as some
silvicultural options to enhancing biodiversity in planted forests, and by
critically reviewing outgrower schemes aimed at involving smallholders in
forest plantation activities, the book provides valuable guidance to the forest
practitioner, the researcher and academician, and anyone with interest in
sustainable development at the rural level. 
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The book features two inspiring chapters on policies to enhance ecosystem
goods and services from plantations and key recommendations for sustainable
forest plantations. These are of particular interest to the policy maker and
directly relevant to the following specific objectives of the International
Tropical Timber Agreement (IITA 2006): 

“(j) Encouraging [ITTO country] members to support and
develop tropical timber reforestation, as well as rehabilitation
and restoration of degraded forest land, with due regard for the
interests of local communities dependent on forest resources; and 

(q) Promoting better understanding of the contribution of
non-timber forest products and environmental services to the
sustainable management of tropical forests with the aim of
enhancing the capacity of [ITTO country] members to develop
strategies to strengthen such contributions in the context of
sustainable forest management, and cooperating with relevant
institutions and processes to this end”.

In presenting up-to-date and unbiased information and analysis, the book
contributes to the work of ITTO and its members in the achievement of the
abovementioned objectives, as much as it can benefit other related agreements,
institutions and forest policy initiatives worldwide. 

The need to include forest plantations in an overall landscape approach is
highlighted in the book. Plantation forests are an ever more significant element
shaping our present landscapes. These forests constitute a potential source of
income as well as other direct and indirect socio-economic and environmental
benefits, thus enabling the fulfillment of human needs while promoting the
conservation of forest ecosystems. 

The book tackles issues that have only been recently brought up to the
forestry debate. It assists in identifying further research needs and provides the
reader with a clear view of the opportunities and challenges confronting forest
plantations. It opens the window for the support of innovative forest
management using the landscape approach, for the long term benefit of man,
woman and the environment. 

I trust the readers will enjoy the book as much as I did. 

Emmanuel Ze Meka
Executive Director

International Tropical Timber Organization – ITTO
Yokohama, April 2010
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Preface

The recognition that forests provide important environmental benefits is not
new. Already in 400 BC Plato recognized that the loss of forests could lead to
soil erosion and the disappearance of water springs. Since then the knowledge
about the diverse functions of forests has greatly advanced, particularly
following the development of modern forestry, which began with the use of
forests for early industries in the 18th century, and the establishment of
ecology as a scientific discipline in the 20th century. The term ‘environmental
services’ first came into use in the 1970s after which the term ‘ecosystem
services’ was coined. Forest ecosystem goods such as timber, food, fuelwood,
fodder, ornamental and medicinal resources, as well as ecosystem services such
as carbon sequestration, soil and water regulation and habitat for pollinating
species and wildlife, are all vital to human health and livelihoods. 

Traditionally, many of the non-timber goods and services from forest
ecosystems have been viewed as free benefits to society. Owing to the fact that
many of these ‘public’ goods and services are difficult to quantify, and that no
market exists for many of them, their value has seldom been expressed in
market prices. This is one of the reasons why these public goods from forests
were given little weight in private, public, and corporate decision-making. 

For a long time it was commonly accepted that ‘regular’ forest
management would not only provide sustainable yields of timber products but
would also offer all other ecosystem goods and services in sufficient quantity
and quality. It is now well established that this may not be the case in many
situations. Processes such as the Millennium Ecosystem Assessment have made
us aware that the many changes to natural ecosystems resulting from their use
and exploitation have led to the degradation of a range of ecosystem services,
possibly with serious implications for our well-being. 

Tree plantations are artificial forests that differ greatly from natural
ecosystems in terms of their structure and function. While the area of natural
forests is shrinking, tree plantations are expanding at a rapid rate and
dominate the landscapes in some regions of the world. Due to the strong focus
on wood production in large-scale industrial plantations, much debate has
been initiated about the lack of balance in ecosystem goods and services, and
about the social and economic costs versus benefits of large-scale tree
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plantations. However, with the increasing global demand for timber and
woody biomass, it is clear that tree plantations are here to stay because they
represent a very efficient production system for a much-needed renewable
resource.

As Jack Westoby stated in his book, The Purpose of Forestry, from 1987:
‘Forestry is not about trees, it is about people. And it is about trees only insofar
as trees can serve the needs of people.’ The International Union for
Conservation of Nature (IUCN) has estimated that the needs of more than 1
billion people in rural areas can only be met through the ecosystem goods and
services provided by forests. Therefore, we claim that it is timely to ask how,
and to what extent, forest plantations can help provide these different
ecosystem goods and services. We were interested to know how forest
plantations might substitute or augment ecosystem goods and services from
native forest, and how they could be designed and managed to optimize the
provision of ecosystem goods and services such as provision of habitat, clean
water, and carbon sequestration. In addition, we wanted to explore how
ecosystem goods and service from plantations may be valued, how their
delivery may be promoted through appropriate policies, and how local people
may actually benefit from this. In this book, we aim to present the current
knowledge on these issues. The perspective that we adopt focuses on the non-
timber goods and services as the production of wood from plantations has
been dealt with in great depth in other publications.

This book originated from work undertaken as part of a project funded by
the European Union on the role of forest plantations in a crowded world. The
main ideas and concepts emanating from this project were presented and
discussed at an international conference on Planted Forests and Sustainable
Development held in October 2006 in Bilbao, Spain. Part of this conference
was a scientific forum on ‘Ecosystem Goods and Services from Planted
Forests’, and most keynote presentations from this conference have been
developed into the chapters for this book. 

The time between the inception and publication of this book enabled the
contributors to develop and present new ideas and perspectives on these
themes and to incorporate the most recent literature. However, in the interim,
some changes in the contributors to the book occurred. In particular, we wish
to mention Ian Calder, a world-class hydrologist of international renown, who
succumbed to motor-neuron disease in May 2009. He will be remembered in
particular for his critical examination of public misconceptions of the
hydrological effects of forests. Ian was committed to completing his chapter,
even until shortly before his death. We are very grateful to Rodney Keenan and
Albert Van Dijk for taking over the discussion of the interactions between
planted forests and hydrological cycles at a late stage of development of this
book and for providing an equally fitting contribution. 

The primary conclusion of our book is that tree plantations can meet the
needs of a broad range of stakeholder goups. There is now a large body of
knowledge and experience showing that tree plantations, if appropriately
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planned, designed and managed, can deliver a wide range of ecosystem goods
and services on both landscape and stand scales. Importantly, the benefits and
impacts of plantations are highly context specific. Therefore, the range of
impacts and benefits associated with plantation forests, which typically differ
from those of other landscape components such as native forests or
agricultural lands, need to be assessed, agreed upon and managed in a
landscape context. Tree plantations that provide for a range of ecosystem
services are likely to be more complex in design and management on a stand
and landscape scale than conventional large-scale monocultures. The chapters
of this book discuss how this may be achieved with regard to ecosystem
services such as the maintenance of hydrological cycles, provision of habitat
for biodiversity, and sequestration of carbon. One of the major environmental
benefits of plantations does not actually relate to the plantations themselves,
but to the fact that they help reduce the harvesting pressure on native and
semi-natural forests. 

This body of knowledge about the impacts of plantations and their
contributions to ecosystem goods and services provides the foundation for
developing governance regimes that are consistent with the principles of
sustainable forest management. In accordance with these widely agreed
principles, societies have the right to expect that plantation forests will deliver
more benefits than costs. However, the manner in which trade-offs between
different ecosystems goods and services are reached, and the extent to which
different interest groups share the benefits will ultimately remain a value
judgement. It is clear, however, that enhancing the provision of ecosystem
goods and services from plantation forests is an important facet of realizing the
benefits of this increasingly important form of forestry.

With this book, we hope to convince the reader that tree plantations,
despite their predominant simplicity in structure and shape, and despite the
high intensity of management needed, can play an important role in solving,
and mitigating some of the pressing current global problems such as the
increasing demand for resources and energy, poverty, climate change, or the
loss of biodiversity. However, we also aim to demonstrate that much still needs
to be done to optimize the diverse functions of tree plantations to serve the
needs of people. We hope that this book will encourage readers to engage in
this process.

Jürgen Bauhus, Peter van der Meer, and Markku Kanninen
March 2010

PREFACE xv
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1
Plantation forests: 
global perspectives

Markku Kanninen

Introduction

Forest plantations now cover about 140 million hectares (Mha) globally,
representing about 4 per cent of the global forest area (FAO, 2005a). In terms
of wood production, plantations are much more important than their share of
the forest area indicates, and their importance is expected to increase with
time. In 2000, plantations supplied one-third of the total demand for industrial
roundwood. According to some estimates, approximately half of the global
industrial roundwood supply will be provided by plantations and planted
forests by the year 2040.

Globalization of markets for forest products and services brings new
opportunities and challenges for plantation-based forestry and forest
enterprises. In addition to meeting the growing demands of the pulp and paper
industry with fibre from fast-growing plantations, there are opportunities for
value-added wood products for expanding international and domestic
markets. However, in forest plantations that are managed sustainably and
competitively, intensive silvicultural interventions are required in order to fully
optimize the production of high-quality products.

In addition to production of wood and fibre, forest plantations provide
several other ecosystem services, including carbon sequestration, clean water
production, regulation of the hydrological cycle, and improvement in the
connectivity of landscape mosaics for biodiversity conservation and the
alleviation of desertification. It is expected that the relative importance of such
services provided by forest plantations will increase in the future.

Basic concepts and definitions

Evolution of concepts and definitions
Forest-related definitions have been used to classify data and information on
forest land use and vegetation. In global policy processes dealing with forests,
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commonly agreed definitions are needed to reach common understanding
among stakeholders on measures included in global policy agreements (Sasaki
and Putz, 2009; Putz and Redford, 2010).

The concepts and definitions around forest plantations have undergone
several changes since the first global plantation assessment by the Food and
Agriculture Organization (FAO) in 1965. In the process of defining modalities
for the implementation of the Kyoto Protocol in 1997, the issue of definitions
has been full of contrasting views and controversies between the ‘forestry’ and
‘climate change’ communities in the definition of afforestation and
reforestation (FAO, 2002). In addition, several environmental and social
groups have strongly criticized FAO on the concepts and definitions related to
planted forests and forest plantations – not mainly because of this broadening
of the concept from forest plantations to include planted forests, but because
they do not consider these as forests in the first place (World Rainforest
Movement, 2007, 2009). The paper by Varmola et al (2005) gives a good
overview of this historical development and evolution of concepts and
definitions.

A major conceptual change in the definition was the introduction of the
concept of ‘planted forests’ in the early 2000s (CIFOR, 2001; Carle and
Holmgren, 2003). ‘Planted forests’ is a broader concept than ‘forest plantations’,
thus creating a continuum of concepts and definitions based on forests
characteristics. It was created to allow a distinction from the ‘traditional’, usually
exotic and mono-specific forest plantations and forest plantings of native species,
usually grown in mixed-species systems, mainly in temperate and boreal zones –
earlier defined as ‘semi-natural forests’ (Varmola et al, 2005; Carle and
Holmgren, 2008). Planted forests are defined as those forests predominantly
composed of trees established through planting and/or after deliberate seeding of
native or introduced species (Carle and Holmgren, 2008).

FAO (2006a) defines plantations as ‘forests of introduced species and in
some cases native species, established through planting or seeding, with few
species, even spacing and/or even-aged stands’. This definition includes not
only industrial plantations established for the production of biomass and
timber, etc., it also includes small-scale home and farm plantations,
agroforestry plantations and plantations established to achieve ecological
objectives, such as soil protection and wildlife management. This broad
definition of plantations is encapsulated in the typology of planted forests
provided by the Center for International Forestry Research CIFOR, 2001) (see
Box 1.1). The types of plantations are not only distinguished by their different
purpose, but also by their spatial scale, management intensity, structure and
ownership. In the typology provided by CIFOR (2001), the ‘managed
secondary forests’ can be regarded as a transitional type between plantations
and other forest types.

This evolution of concepts and definitions has had its pros and cons. On
the positive side, experts argue that the introduction of ‘planted forests’ is a
move towards a more inclusive concept allowing a better reflection on all the
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investments in man-made forests, as well as social and environmental concerns
around forest plantations and planted forests (Carle and Holmgren, 2008). On
the other hand, this broadening of the definition almost doubles the area of
concern. According to FAO (2006a), the global area of planted forests was
estimated to be around 270Mha, compared to around 140Mha reported as
forest plantations.

Definition of forest plantations
Forest plantations, defined as ‘forest or other wooded land of introduced
species and in some cases native species, established through planting or
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Box 1.1 Typology of planted forests

Plantation type and purpose Characteristics 

Industrial plantation: Intensively managed forest stands established to 
timber, biomass, food provide material for sale locally or outside the

immediate region, by planting or/and seeding in
the process of afforestation or reforestation.
Individual stands or compartments are usually
with even age class and regular spacing and of
introduced species and/or of one or two
indigenous species. Usually either large scale or
contributing to one of a few large-scale
industrial enterprises in the landscape. 

Home and farm plantations: Managed forest, established for subsistence or 
fuelwood, timber, fodder, local sale by planting or/and seeding in the 
orchards, forest gardens process of afforestation or reforestation, with 
and other even age class and regular spacing. Usually small

scale and selling, if at all, in a dispersed market. 

Agroforestry plantation: Managed stands or assemblages of trees 
fuelwood, timber, fodder established in an agricultural matrix for

subsistence or local sale and for their benefits on
agricultural production; usually regular and wide
spacing or row planting. 

Environmental plantations: Managed forest stand, established primarily to 
windbreaks, soil protection and provide environmental stabilization or amenity 
erosion control, wildlife value, by planting or/and seeding in the process 
management, site reclamation of afforestation or reforestation, usually with 
or amenity even age class and regular spacing. 

Managed secondary forests Managed forest, where forest composition and 
with planting productivity is maintained through additional

planting or/and seeding.

Source: adopted from CIFOR, 2001
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seeding’, are divided into two sub-groups: productive plantations and
protective plantations. In turn, they are defined by FAO (2005a) as:

• productive plantation: forest plantations predominantly intended for the
provision of wood, fibre and non-wood products; and

• protective plantation: forest plantations predominantly for the provision of
services such as the protection of soil and water, rehabilitation of degraded
lands, combating desertification, etc.

Development of plantations

Area of productive and protective plantations
The planted forests thematic study, carried out by FAO, based on the results of
the Forest Resources Assessment of 2005 and additional studies, indicated that
the total plantation area has increased from 100Mha in 1990 to ca. 140Mha
in 2005 (FAO, 2005a, 2006a) (Figure 1.2).

Of total plantation area, 109.3Mha are productive and 30.1Mha are
protective plantations. Interestingly, the ratio of productive to protective
plantations (3.6) was nearly the same as the ratio between the total area of
production to protection forests worldwide (3.7), indicating similar functions.
However, for the total forest area, there are other designated functions such as
multipurpose or conservation use, not listed for plantations (FAO, 2005a).

China has the largest total area of forest plantations, 31.4Mha in 2005. It
is followed by the US, the Russian Federation and Japan, with 17.1, 17.0 and
10.3Mha, respectively. The seven largest plantation countries (China, the US,
the Russian Federation, Japan, Sudan, Brazil and Indonesia) account for about
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Figure 1.1 Continuum of forest characteristics and definitions of different
forest types according to FAO

Source: Carle and Holmgren, 2008
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64 per cent of the total plantation area, with a total of 90Mha in 2005. The
ten largest plantation countries account for 71 per cent, and the 20 largest
countries account for 84 per cent of the world’s total plantation area.
Productive plantations represented 79 per cent and protective plantations 21
per cent of the total area of plantations, respectively.

China has the largest area of productive forest plantations, about 29Mha
in 2005, which is about 26 per cent of the world total. It is followed by the US,
the Russian Federation and Brazil, with 17, 12 and 5Mha, respectively. In
terms of protective forest plantations, Japan leads with 10Mha in 2005 (35 per
cent of the world total), followed by the Russian Federation, China and India
with 5, 2.8 and 2.2Mha, respectively. In terms of growth, the fastest growth in
plantation area has recently taken place in Asia, where the plantation area has
grown by 2.5 per cent per year in recent years.

Countries in which the relative importance of forest plantations
corresponds to or approaches 100 per cent of their total forest area (Egypt,
Libya, Cape Verde, Bahrain, Kuwait, Oman, United Arab Emirates and Malta)
are typically those that have very little natural forest or where the forest area
had been diminished in historical times. The latter also applies to countries
such as Lesotho, Ruanda, Ireland, the UK, Denmark, Iceland, Israel, Syria and
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Figure 1.2 Area of productive forest plantations 1990–2005

Source: FAO, 2006a
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Burundi, where forest plantation area covers more than 50 per cent of total
forest area. The relative importance of plantations in these countries is
indicative also of their importance for the selection of ecosystem goods and
services, and the selection of these countries shows that plantations play this
role in many different parts of the world such as Europe, North and East
Africa and the Middle East. Although there is no tight relationship between the
percentage forest cover and the percentage that plantations contribute to forest
area (Figure 1.3a), it is obvious that countries with the highest plantation
percentage have low forest cover. In addition, the highest proportions of
protective plantations can be found in countries with low percentages of forest
cover. Also, this can be seen as an indication of the substitutive role of
plantations, where the cover of native forests has been lost or is naturally low.
The absence of a tight relationship also indicates that the relative importance
of protective plantations depends on many other factors, such as topography,
land-use history and current land use, etc.

It is interesting to observe that large plantation countries, i.e. countries with
large areas of plantations, like the Russian Federation, Brazil, Indonesia and
the US, have large areas of natural forests as well, so that plantations represent
only a small proportion (1–6 per cent) of their total forest area. In China, the
country with the largest total plantation area, the share of plantations is 16 per
cent of the total forest area in the country.

6 ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

Figure 1.3 (a) The relative importance of plantations by area in relation to
the total forest area, and (b) the relative importance of protective plantations

by area in relation to the percentage of total forest areas of countries that
have reported protective plantations

Source: FAO, 2005a

a b
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About 50 per cent of the total area of planted forests reported in the FAO
thematic study (2006a) was under public ownership, whereas plantations
owned by smallholders covered 32 per cent and corporations 18 per cent of the
total plantation area, respectively. When compared to the situation in 1990,
the area (both absolute and relative) of smallholder plantations has tripled,
whereas the share of publicly owned plantations has decreased. This is mainly
due to the increase in smallholder woodlots and village-scale plantations for
the production of wood products for domestic and local use, including
firewood and charcoal – a development that started in many developing
countries in the 1980s (Evans, 2009).

In terms of the end-use of the products from the plantations, the
production of sawlogs dominated with 67Mha (46 per cent of total area) in
2005. The area of plantations aimed for pulpwood and fibre have increased
rapidly, covering 18 per cent (27Mha) of the total plantation area reported
(Figure 1.4).

Species planted
According to the planted forests thematic study of FAO, Pinus is the most
commonly used genus in plantations, with a total area of 54Mha, representing
29 per cent of the total area planted. The ten most commonly planted genera
in plantations, (Pinus, Cunninghamia, Eucalyptus, Populus, Acacia, Larix,
Picea, Tectona, Castanea, Quercus) represent about 70 per cent of the total
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Figure 1.4 Plantation area (Mha) by the intended end-use 1990–2005

Source: FAO, 2006a
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area planted (Figure 1.5). In productive plantations, the share of the top ten
genera of the total area planted is 77 per cent, whereas in protective
plantations the top ten genera represent 60 per cent of the total area planted.

The pool of species differs to some extent between these two purposes of
plantations. The fast-growing plantation species belonging to the genera
Eucalyptus and Acacia, as well as the valuable tropical hardwood teak
(Tectona) or the Castanea grown for non-wood forest products are much less
important for protective plantations. Some species that produce litter
promoting fires or suppress development of understorey such as eucalypts or
teak, are in many situations not particularly suitable for protective functions.
In contrast, genera such as Cryptomeria, Chamaecyparis, Populus and Larix
are relatively more important in protective plantations. However, this
difference cannot be attributed to the fact that these species are more suitable
for protection purposes than other species. In fact, it may be contested that
they are not. The large share of these particular species can be attributed to the
country-specific classification of species for productive and protective

8 ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

Figure 1.5 Most commonly used species in plantations

Source: FAO, 2006a

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 8



purposes, which also depends very much on the respective legislation. The
importance of the above-listed species for protective plantations is to a large
extent attributable to their share of the plantation estate in Japan and China.
Particularly in the latter country, large areas of protective plantations were
established, or they were established as productive plantations and later
declared protection forest (Wenhua, 2004).

The larger proportion of unspecified species in protective plantations may
indicate that the species is of lesser importance and/or that the areas under
protective plantation may be smaller and more diverse and therefore more
difficult to report on. The genus Pinus is of great importance for both
protection and production plantations.

While fast-growing exotic monocultures dominate plantations aimed at
wood or fibre production in the tropics (see Table 1.1), the importance of
native species plantations either in pure or mixed stands is gaining importance,
particularily for the rehabilitation and restoration of degraded lands (Lamb,
1998; Carnevale and Montagnini, 2002; Gunter et al, 2009). If managed
properly, mixed stands offer higher productivity and ecological gains in terms
of the provision of multiple ecosystems services compared to pure stands (see
Chapter 5; Erskine et al, 2006; Petit and Montagnini, 2006; Piotto, 2008).

The importance of species planted for the provision of biodiversity and
hydrological services are discussed in Chapters 4 and 5 of this book. For
carbon sequestration services (Chapter 3), short-rotation timber species have
high internal rates of return and high carbon benefits. However, the risks to
local communities can be lower if long-rotation mixed plantations are used
(Hooda et al, 2007). It is interesting to note that of the current 14 A/R CDM
projects (afforestation and reforestation project activities under the Clean
Development Mechanism) registered (UNFCCC, 2010), about half of the
projects use fast-growing trees species, mainly exotics, to achieve maximum
carbon sequestration rates, whereas the other half includes several native tree
species in their projects; this is to diversify the ecosystem services produced and
to maximize benefits to local communities by increasing access to non-timber
forest products such as fruits, resins and honey (Ellis, 2003).

Fast-growing plantations
Fast-growing plantations are a sub-group of productive plantations aimed at
industrial use with special characteristics in terms of their management.
Typically, they are short-rotation plantations with single-species blocks of a
high-productive species, usually exotics. They are usually owned by a single
company, and they dominate the landscape, constituting the dominant (or
only) land use in their area. The dominant objective pursued with these
plantations is to produce large volumes of fibre for the pulp industry.

Cossalter and Pye-Smith (2003) estimated that in the early 2000s the total
area of fast-growing plantations was about 10Mha (Table 1.1), growing at the
pace of about 1Mha per year.

Although the land area covered by fast-growing plantations is relatively
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small – less than 10 per cent of the total plantation area – these plantations
have created a lot of controversy in terms of the social and environmental
issues related to them (Cossalter and Pye-Smith, 2003; World Rainforest
Movement, 2007, 2009; Evans, 2009).

Table 1.1 Fast-growing plantations1: main species and countries involved

Species Mean annual Rotation Estimated extent Main countries 
increment length as fast-growing (in decreasing order

(m3/ha/year) (years) plantation only of importance)
(1000ha) 

Eucalyptus grandis 15–40 5–15 ± 3700 Brazil, South Africa,
and various eucalypt Uruguay, India, Congo,
hybrids Zimbabwe

Other tropical eucalypts 10–20 5–10 ± 1550 China, India, Thailand,
Vietnam, Madagascar,
Myanmar

Temperate eucalypts 5–18 10–15 ± 1900 Chile, Portugal, NW
Spain, Argentina,
Uruguay, South Africa,
Australia

Tropical acacias 15–30 7–10 ± 1400 Indonesia, China,
Malaysia, Vietnam,
India, Philippines,
Thailand

Caribbean pines 8–20 10–18 ± 300 Venezuela

Pinus patula and 15–25 15–18 ± 100 Swaziland
P. Elliottii

Gmelina arborea 12–35 12–20 ± 100 Costa Rica, Malaysia,
Solomon Islands

Paraserianthes falcataria 15–35 12–20 ± 200 Indonesia, Malaysia,
Philippines

Poplars 11–30 7–15 ± 900 China, India, USA,
C and W Europe, Turkey

Fast-growing plantation forests are broadly defined as having average growth rates ranging from ≤10
to ≥40 m3/ha/year, with shorter rotations from ≤6 years to around 35 or 40 years.

Source: Cossalter and Pye-Smith, 2003

Other types of plantations
There are other types of ‘tree plantations’ that are very common in the
everyday life of rural communities in many developing countries, and they are
important in terms of their economic value and the ecosystem goods and
services they provide. However, they may not be considered to be ‘forest
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plantations’ or are not otherwise adequately captured by FAO or by national
statistics. These include home gardens (e.g. Méndez et al, 2001; Kumar and
Nair, 2006) and other types of agroforestry and silvopastoral systems (e.g. Beer
et al, 2000), individual trees grown in rows as wind breaks (e.g. Harvey et al,
2000; Wilkinson and Elevitch, 2000).

The study carried out by FAO on ‘trees outside forests’ (FAO, 2001,
2005b) gives a good overview of the importance of these plantations. It
indicates that it is almost impossible to assess the economic, social or
environmental value of these plantations because national statistics do not
exist (FAO, 2001). However, since these tree plantings are directly shaped and
managed by local people and they grow in their immediate environment, they
are particularly important for the provision of ecosystem goods and services.

Plantations and ecosystem services

Increasing role of plantations in wood supply
The share of wood from forest plantations in the total production of industrial
roundwood was 5 per cent in 1960, 22 per cent in 1995 and 30 per cent in 2005
(Varmola et al, 2005; Seppälä, 2007). Although the plantations represent only
a very small share of the current global forest area, the intensity of management
is high. If all industrial wood came from effectively managed planted forests,
only some 73Mha, i.e. less than 2 per cent of the world’s forest area, would be
enough to satisfy the current global need of industrial wood (Seppälä, 2007).

Global industrial wood supply from plantations is increasing rapidly as
substantial areas of tree plantations mature. Over the past two decades, most
new plantation development has occurred in tropical and subtropical regions
and in temperate zones of the southern hemisphere. Industrial timber
production from natural forests has begun to decline in the leading tropical
forest wood-producing countries of Asia, as supplies of commercially
accessible large-diameter timber have fallen sharply in recent years. A report
by Spek (2006) on investments in the pulp industry indicates that whereas
South America (mainly Brazil and Chile) and Indonesia accounted for more 70
per cent of new investments in the pulp industry in the 1990s, Asian countries
(mainly China) dominate the new investments.

Future trends
Global demand for forest products has grown at a rapid pace over the past
decade and this is expected to continue in the foreseeable future. In the Asia-
Pacific region alone, annual consumption of hardwood pulp is expected to
increase by 73 million cubic metres (Mm3) and annual consumption of
softwood pulp by 32Mm3. There is a shift in the consumption and production
of forest products. Recent studies show that current demand for forest industry
products will grow less than before in Organisation for Economic Co-
operation and Development (OECD) countries, while at the same time the
demand will continue to increase considerably in many developing countries
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and in countries in transition. This means a shift in the consumption of forest
products from Western Europe, North America and Japan to the rest of Asia,
Eastern Europe and Russia (Barr and Cossalter, 2004; Seppälä, 2007)

A recent study by Carle and Holmgren (2008) estimated that the area of
planted forests will increase from its current level (261Mha) to about
303–345Mha in 2030, depending on the scenario. This increase is 16–32 per
cent for the whole 25-year period, or 0.6–1.2 per cent per year. This would
mean that the total volume of wood produced annually by planted forests
would increase from 1.4 billion m3 per year in 2005 to a level between 1.6–2.1
billion m3 per year in 2030.

The above figures are for planted forests and not for forest plantations,
which makes it difficult to compare them with earlier results. A study by
ABARE-Jaakko Pöyry (1999), reported by Varmola et al (2005), estimated
that the industrial wood supply from forest plantations would be 970Mm3 per
year in 2020 (44 per cent of the total) and 1.1 billion m3 per year in 2040 (46
per cent of the total).

In recent years, the voluntary carbon markets have accounted for the bulk
of forest carbon transactions: 95 per cent in 2008 and 72 per cent in first two
quarters of 2009. In 2008, the total amount of credits traded in the voluntary
markets was 5Mt CO2 and the value US$37 million (Hamilton et al, 2009).
Although the share of afforestation and reforestation of the total amount of
Certified Emission Reductions (CERs) generated in the Clean Development
Mechanism (CDM) is negligible, recent approval of new project methodologies
has led to the registration of ten new A/R CDM projects in 2009.

The projections described above both on the supply of wood and carbon
credits show that plantations will become a more important part of many
landscapes. This development is not uniform in all parts of the world, and an
increasingly higher percentage of new plantations will be established in East
and South-East Asia and to a lesser extent in South America.

Challenges for the future

The success of forest plantations as sources of industrial roundwood supply
has been obvious. In the past 25 years, their share of total industrial
roundwood production has increased from 5 per cent to over 30 per cent. In
the next 25 years, it is expected to reach 50 per cent of total industrial
roundwood production.

This success is often contrasted with social and environmental problems
that large-scale plantation schemes have repeatedly caused. In many cases,
most smallholders and forest inhabitants have had limited participation – or
no engagement at all – in the profitable business developed by large or medium
size companies, and they have not shared significant benefits (direct income or
other) in the planting, tending and logging operations performed by these
companies. In other cases, companies have planted in large uniform blocks of
land and this has led to the displacement of local people from the rural villages
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or small holdings where they have traditionally lived. To improve the situation,
certification schemes and other safeguards have been introduced. The
voluntary guidelines for the responsible management of planted forests
established by FAO (2006b) and ITTO (1993), and by various certification
schemes are moves in the right direction. However, there is much still left
undone to ensure their general application in practice.

One of the negative impacts of large-scale plantations has been on
biodiversity (see Chapter 5). However, this has depended very much on the
land use that was replaced by the plantations. If properly planned and
managed, plantations can play a role in building connectivity in fragmented
landscapes (Kanowski et al, 2005; Marjokorpi, 2006; Marjokorpi and Salo,
2007), or acting as catalysts for native species (Kuusipalo et al, 1995; Keenan
et al, 1997; Parrotta and Turnbul, 1997; Otsamo, 2000). But as biodiversity
continues to be lost, fixed, single-objective plantation management is likely to
be a less attractive option in the future (Lamb, 1998). The plantation
management paradigm has to move towards the management of multi-
functional landscapes by incorporating multiple ecosystem services as an
integral part of the overall production function of forest plantation schemes.

Ecosystem services markets are growing fast and forest plantation will have
an important role to play in global carbon markets and, more locally, in
payments for ecosystem services schemes for managing water resources. Both of
these areas are expected to gain increasing importance in the future, when the
actions to combat climate change – both through adaptation and mitigation –
become part of the new paradigm of sustainable plantation management.
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2
Quantifying and valuing goods

and services provided by
plantation forests

R. S. de Groot and P. J. van der Meer

Introduction

Forests, both natural and planted, can provide multiple benefits to human
society, which can be direct or indirect. Direct benefits include goods such as
timber, food, fuelwood, fodder, ornamental and medicinal resources, and
opportunities for recreation. Indirect benefits comprise services such as carbon
sequestration, soil and water regulation and habitat for pollinating species and
wildlife (Campos et al, 2005; Chapters 3, 4 and 5). Goods and services
provided by forests are a means of livelihood for millions of people; according
to the IUCN some 1.6 billion people rely heavily on forests for their livelihoods
(IUCN, 2007). However, the value of these goods and services is seldom
incorporated in market prices, one of the reasons why they are given too little
weight in policy decisions (Costanza et al, 1997). Furthermore, the ongoing,
rapid growth of human populations and their resource demands has increased
the pressure on forests (and other ecosystems) dramatically over the last
decades. In many cases this has resulted in overexploitation and degradation
of native forests and a decline in the quantity and quality of the goods and
services delivered (Millennium Ecosystem Asssessment (MEA), 2005).

To reduce the pressure on native forests for wood and other resources,
plantation forests may be very important yet often they also pose a threat (e.g.
when native forests are replaced by oil palm or fast-growing timber
plantations). To optimize planning and decision-making about the location
and management of plantation forests, it is important to know what goods and
services are being provided by the various forests types and forest management
systems. Some goods and services are relatively easy to identify and measure,
such as the production of timber and some non-timber forest products
(NTFPs). Other ecosystem services are more difficult to identify and quantify,
like the role forests play in biodiversity conservation, water regulation and
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cultural services. Once it is known what goods and services are, or can be,
provided by which type of forest or management regime, their importance to
local communities, and human society in general, needs to be quantified. This
can be done in socio-cultural and/or economic terms (including monetary
values and employment). The economic valuation of ecosystem goods and
services (EGS) is also needed to understand the motives behind different
ecosystem management schemes and to evaluate the consequences of
alternative courses of action.

In this chapter we review how the importance (value) of forest goods and
services can be measured, and how this information can be used to optimize
and finance sustainable management of forested areas. We begin with a
general typology of EGS for both natural and plantation forests. Then, the
main steps and methods for quantifying and valuating EGS are described
drawing on a case study in India. In conclusion, we recommend means for
the more efficient and sustainable provision of EGS in plantation
management.

Ecosystem goods and services of plantation forests

Ecosystem goods and services: the general concept
To understand the capacity of ecosystems (including forests) to provide goods
and services of value to human society, an integrated approach is essential. A
general framework for such an approach is given in Figure 2.1.

The core of this approach is the translation of ecosystem structures and
processes into goods and services with, as a bridging concept, the notion of
‘ecosystem functions’ which are defined as ‘the capacity of natural processes
and components to provide goods and services that satisfy human needs,
directly or indirectly’ (de Groot, 1992). It is important to note that ‘ecosystem
functions’ always exist, whereas ‘ecosystem goods and services’ are only
recognized when people use or benefit from them. For instance, the regulation
of surface water flows, a function of all forests, only becomes a service when
people are affected by it (e.g. Campos et al, 2005).

The definitions of ecosystem goods and services in the literature vary. Daily
(1997) defines ecosystem services as ‘the conditions and processes through
which natural ecosystems, and the species that make them up, sustain and fulfil
human life’. On the other hand, Shelton et al (2001) state that ‘ecosystem
services have been conceptualized as transformations of natural assets (soil,
water, atmosphere and living organisms) into goods and other products
(including experiences) that are valuable to people’.

Costanza et al state that ‘Ecosystem goods (such as food) and services
(such as waste assimilation) represent the benefits human population derives,
directly or indirectly, from ecosystem functions’ (1997, p253) and apply the
term ecosystem services to all benefits arising from ecosystems including
goods.

The Millennium Ecosystem Assessment follows a similar and very practical
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definition by stating in the synthesis report that: ‘ecosystem services are the
benefits people obtain from ecosystems’ (MEA, 2005).

Based on the MEA (2005) and de Groot et al (2002), ecosystem functions
and services are grouped here into four primary categories:

• Production functions (or provisioning services) consist of the processes that
combine and change organic and inorganic substances through primary
and secondary production into goods that can be directly used by mankind.

• Regulation functions (or regulating services) relate to the capacity of
natural and semi-natural ecosystems to regulate essential ecological
processes and life support systems through biogeochemical cycles and other
biosphere processes. In addition to maintaining ecosystem (and biosphere)

18 ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

Figure 2.1 Framework for integrated assessment and valuation of ecosystem
functions, goods and services

Note: Solid lines – flow of ‘energy or matter’ (i.e. physical relationships); dotted lines – flow of information; shapes
indicate different steps in the assessment process and highlight the different nature of each step

Source: adapted from de Groot, 2006
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health, they provide many services with direct and indirect benefits to
humans such as clean air, water and soil, nutrient regulation, disturbance
prevention, biological control and pollination.

• Information functions (or cultural services) are those services that
contribute to human mental well-being. Major categories of cultural
services associated with forests are aesthetic and recreational use, spiritual
and religious services and importance to cultural heritage.

• Habitat functions (or supporting services) relate to the importance of
ecosystems to provide habitat for various stages in the life cycles of wild
plants and animals, which, in turn, maintain biological and genetic
diversity and evolutionary processes. Since these species and their role in
the global ecosystem maintain most of the other ecosystem functions and
services, the maintenance of healthy habitats is a necessary requirement for
the provision of all ecosystem goods and services, directly or indirectly.

Table 2.1 gives an overview of the main goods and services forests provide
(both native and planted) based on a synthesis of the classification methods
mentioned above.

Goods and services of plantation forests
Plantation forests can be defined as ‘Forest or other wooded land of introduced
species and in some cases native species, established through planting or
seeding’ (FAO, 2006) (see also Chapter 1). The importance of forest
plantations is stated in the ‘Forestry Principles’ adopted by the United Nations
Conference on Environment and Development (UNCED) in Brazil 1992, and
reiterates the importance of intensively managed forest plantations. Principle
6d says: ‘The role of cultivated forests ... as sustainable and environmentally
sound sources of renewable energy and industrial raw materials should be
recognized, enhanced and promoted. Their contribution to the maintenance of
ecological processes, to offsetting pressure on primary/old growth forests, and
to providing regional employment and development ... should be recognized
and enhanced’ (Shelton et al, 2001).

The functions and services of plantation forests are diverse. FAO for
instance, makes a distinction between ‘productive’ and ‘protective’ plantations
(FAO, 2006). Productive plantations are focused primarily on the production
of industrial wood, fuelwood and non-wood forest goods (e.g. animal fodder,
apiculture, essential oils, tan bark, cork, latex, food), whereas protective
plantations are established to provide conservation, recreation, carbon
sequestration, water quality control, erosion control and rehabilitation of
degraded lands, which also includes landscape and amenity enhancement (e.g.
Fuhrer, 2000; Shelton et al, 2001; Lamb et al, 2005).

In Table 2.1, an overview is given of the main goods and services that can
be provided by forests. A detailed description of all these goods and services is
beyond the purpose of this chapter, but an attempt is made here to indicate, in
our view, the differences in service provision between native and plantation
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forests based on an analysis of several publications. As shown in the table, the
main service of plantations is the provision of resources (especially raw
materials such as timber, energy sources such as palm oil, and to a lesser extent
food, fodder and fertilizer). The reduction of surface run-off, erosion, and
storm and flood damage are also important services. Compared to natural
forests, however, the provision of most other forest services is reduced.

We stress that this is a preliminary analysis of limited literature sources,
and much uncertainty still exists about how to measure service performance
and the influence of management on the provision of goods and services. For
example, it is generally assumed that forests prevent erosion and reduce run-
off (e.g. Brown et al, 2005), but exactly to what extent, and whether this varies
between different forest types is not well understood (e.g. Bruijnzeel, 2004).

Quantification and valuation of forest goods and services

Identification and quantification
In order to assess the capacity of forests (native or planted) to provide goods
and services, indicators are needed. For each of the four categories of goods
and services described above (provisioning, regulating, cultural and
supporting), the main ecological processes associated with the service
provision, and the main indicators determining the capacity of the system to
provide the service are listed in Table 2.1. These indicators can be measured in
different ways (e.g. literature review, expert consultations, community
meetings, field visits or experiments).

One problem with determining sustainable use levels is that many goods
and services depend on the same function (i.e. second column in Table 2.1),
which means that use of one good or service will influence the availability of
another. For example, a continuous supply of timber will depend directly on
production functions (biomass production), which, in itself, will depend on
habitat functions (i.e. suitable conditions for timber-producing species) and
regulating functions (e.g. soil and climate regulation, pollination, etc.).
Maintenance of these habitat and regulating functions will contribute, in turn,
to the provision of other services (Campos et al, 2005).

In plantations, one service is usually maximized (e.g. timber production) at
the expense of most other services and much external input (labour, energy,
nutrients) is needed to maintain the productivity. The extent to which this
trade-off is acceptable (ecologically, socio-culturally and economically) is the
subject of the next section on ‘valuation’.

Valuation
Once the capacity of an ecosystem to provide goods and services is known,
their importance or ‘value’ can be determined. This importance or value
primarily consists of three types of values: ecological, socio-cultural and
economic (MEA, 2005).
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Table 2.1 Overview of forest services and examples of indicators for
measuring function performance

Services 
(comments and
examples)

Ecological process
and/or component
providing the service
(or influencing its
availability) = Functions

State indicator 
(how much of the
service is present)

Performance indicator
(how much can be used
/provided in sustainable way)

Provisioning

Food Presence of edible plants
and animals 

Total or average stock
in kg/ha 

Actual use in most
appropriate unit per ha per
year (in relation to maximum
sustainable use level)

Fibre, fuel and
other raw
materials 

Presence of species or
abiotic components with
potential use for timber,
fuel or raw material 

Total biomass (kg/ha)

Biochemical
products and
medicinal
resources 

Presence of species or
abiotic components with
potentially useful
chemicals and/or
medicinal use 

Total amount of useful
substances that can
be extracted (kg/ha)

Genetic
materials: genes
for resistance to
plant pathogens

Presence of species with
(potentially) useful
genetic material 

Total ‘gene bank’
value (e.g. number of
species and sub-
species)

Ornamental
species and/or
resources

Presence of species or
abiotic resources with
ornamental use 

Total biomass (kg/ha)

Regulating

Air quality
regulation: e.g.
capturing dust
particles

Capacity of ecosystems
to extract aerosols and
chemicals from the
atmosphere 

– Leaf area index
– NOx-fixation, etc.

– Amount of pollutants
‘extracted’

– Effect on air quality

Climate
regulation 

Influence of ecosystems
on local and global
climate through land-
cover and biologically
mediated processes 

– Greenhouse gas
balance (esp.
C-sequestration)

– Land cover
characteristics, etc.

Quantity of greenhouse gases
etc. fixed and/or emitted ––>
effect on climate parameters

Water quality
regulation

Role of biota and abiotic
processes in removal or
breakdown of excess
amounts organic matter,
nutrients and polluting
compounds 

– Denitrification (kg
N/ha/y)

– Immobilization in
plants and soil 

Maximum amount of
chemicals that can be
recycled or immobilized on a
sustainable basis

Water regulation Role of forests in water
infiltration and gradual
release of water 

Water retention
capacity in soils, etc.
or at the surface 

Quantity of water retention
and influence of hydrological
regime (e.g. irrigation)
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Table 2.1 continued

Services 
(comments and
examples)

Ecological process
and/or component
providing the service
(or influencing its
availability) = Functions

State indicator 
(how much of the
service is present)

Performance indicator
(how much can be used
/provided in sustainable way)

Erosion
protection 

Role of vegetation and
biota in soil retention 

– Vegetation cover
– Root matrix 

Amount of soil retained or
sediment captured

Natural hazard
mitigation 

Role of forests in
dampening extreme
events (e.g. protection
against flood damage) 

Water-storage (buffer)
capacity in m3

Reduction of flood-danger
and prevented damage to
infrastructure

Biological
regulation

Control of pest
populations through
trophic relations; role of
biota in distribution,
abundance and
effectiveness of
pollinators 

– Number and impact
of pest-control
species

– Number and impact
of pollinating
species 

– Reduction of human
diseases, live-stock pests,
etc

– Dependence of crops on
natural pollination

Cultural and Amenity

Aesthetic:
appreciation of
natural scenery
(other than through
deliberate
recreational
activities)

Aesthetic quality of the
landscape, based on e.g.
structural diversity,
‘greenness’, tranquility 

Presence of landscape
features with stated
appreciation 

Expressed aesthetic value,
e.g.:
– No. of houses bordering

natural areas
– No. of users of ‘scenic

routes’

Recreational:
opportunities for
tourism and
recreational
activities

– Landscape features
– Attractive wildlife 

Presence of landscape
and wildlife features
with stated
recreational value 

– Maximum sustainable
number of people and
facilities

– Actual use

Cultural heritage
and identity:
sense of place and
belonging

Culturally important
landscape features or
species 

Presence of culturally
important landscape
features or species 

Number of people ‘using’
forests for cultural heritage
and identity

Spiritual and
artistic
inspiration:
nature as a source
of inspiration for art
and religion

Landscape features or
species with inspirational
value to human arts and
religious expressions 

Presence of landscape
features or species
with inspirational
value

– No. of people who attach
religious significance to
forests,

– No. of books, paintings,
etc. using ecosystems as
inspiration
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Ecological valuation
The ‘Ecological Value’, or importance of a given ecosystem, is determined
mainly by the degree to which the ecosystem provides Regulation and Habitat
Services, which, in turn, is measured by ecosystem criteria such as naturalness,
diversity and rarity (see Table 2.2).

Whether plantation forests lead to a decrease in the overall ecological
value of an area or landscape depends largely on the condition of the original
ecosystem or production system they replaced. For example, ecological values
are likely to increase if plantations are established on former agricultural land,
and likely to decrease if established on land converted through the clearing of
native ecosystems (see also Chapter 5).

Socio-cultural valuation
Social values (such as cultural diversity, identity, heritage and spiritual values)
and perceptions play an important role in determining the importance of
ecosystems and their services to human society (see Table 2.3). Native forests
have many such values and are often an important source of non-material well-
being to many individuals and societies.

Usually, socio-cultural values are reduced or lost when a native forest is
replaced by a plantation. However, there are large differences depending on the
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Table 2.1 continued

Services 
(comments and
examples)

Ecological process
and/or component
providing the service
(or influencing its
availability) = Functions

State indicator 
(how much of the
service is present)

Performance indicator
(how much can be used
/provided in sustainable way)

Education and
science
opportunities for
formal and informal
education and
training

Features with special
educational and
scientific value/interest 

Presence of features
with special
educational and
scientific
value/interest 

Number of classes visiting
Number of scientific studies
etc

Supporting

Habitat
and nursery
service

Importance of
ecosystems to provide
breeding, feeding or
resting habitat to
resident or migratory
species (and thus
maintain a certain
ecological balance and
evolutionary processes) 

– No. of resident,
endemic species

– No. of transient
species 

– Habitat integrity
– Minimum critical

surface area of
specific habitat

– ‘Ecological Value’ (i.e.
difference between actual
and potential biodiversity
value)

– Dependence of transient
species on specific area
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management system, and so-called ‘community forests’ (which are usually
more or less heavily managed native forests), can have considerable socio-
cultural importance.

To some extent these values can be captured by economic valuation
methods (see further below), but these techniques do not capture fully the
extent to which some ecosystem services are essential to people’s very identity
and existence.

Economic valuation
Finally, ecosystem services have economic importance, although some authors
regard cultural values and their social welfare indicators as a sub-set of
economic values. Others state that, in practice, economic valuation is limited
to efficiency and cost-effectiveness analyses, usually measured in monetary
units, and disregards the importance of, for example, spiritual values and
cultural identity.

Therefore, in this chapter, economic and monetary valuation are treated
separately from socio-cultural valuation. However, it is emphasized that
ecological, socio-cultural and economic values all have their separate role in
decision-making and should be seen as essentially complementary pieces of
information in the decision-making process.

To analyse the economic value of ecosystems, the concept of Total
Economic Value (TEV) (Figure 2.1) has become a framework widely used for
quantifying the utilitarian value of ecosystems (de Groot et al, 2006). This
framework typically disaggregates TEV into two categories: use values and
non-use values.
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Table 2.2 Ecological valuation criteria and measurement indicators

Criteria Short description Measurement units/indicators

Naturalness/Integrity Degree of human presence in – Quality of air, water and soil
(representativeness) terms of physical, chemical or – % key species present

biological disturbance. – % of min. critical ecosystem size  

Diversity Variety of life in all its forms, – number of ecosystems per 
including ecosystems, species geographical unit
and genetic diversity. – number of species/surface area  

Uniqueness/rarity Local, national or global rarity – number of endemic species and 
of ecosystems and species sub-species  

Fragility/vulnerability Sensitivity of ecosystems to – energy budget (GPP/NPP) 1

(resistance) human disturbance – carrying capacity

Resilience The possibility of spontaneous
– complexity and diversity

Renewability/ renewal or human aided 
– succession stage/time

restorability restoration of ecosystems   

1 GPP – Gross Primary Production; NPP = Net Primary Production 

Source: de Groot et al, 2006
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Use values comprise three elements: direct use, indirect use and option
values. Direct use value is also known as the extractive, consumptive or
structural use value and derives mainly from goods that can be extracted,
consumed or enjoyed directly (Dixon and Pagiola, 1998). Indirect use value is
also known as the non-extractive use value, or functional value and derives
mainly from the services the environment provides (Dixon and Pagiola, 1998).
Option value is the value attached to maintaining the option to take advantage
of the use value of something at a later date. Some authors also distinguish
quasi option value, which derives from the possibility that even though
something appears unimportant now, information received later might lead us
to re-evaluate it (Dixon and Pagiola, 1998).

Non-use values, as the name says, derives from benefits the environment
may provide when it is not used in any way. In many cases, the most important
benefit of this kind is existence value; the value people derive from the
knowledge that something exists even if they never plan to use it. Thus people
place a value on the existence of blue whales or the panda even though they
have never seen one and probably never will. However, if blue whales became
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Table 2.3 Socio-cultural valuation criteria and measurement indicators

Criteria Short description Measurement units/indicators 

Therapeutic value The provision of clean air, water – Suitability and capacity of natural 
and soil, space for recreation and systems to provide ‘health services’
outdoor sports and general – Restorative and regenerative effects on 
therapeutic effects of nature on peoples’ performance
people’s mental and physical – Socio-economic benefits from reduced 
well-being health costs and conditions

Amenity value Importance of nature for cognitive – Aesthetic quality of landscapes
development, mental relaxation – Recreational features and use
artistic inspiration, aesthetic – Artistic features and use
enjoyment and recreational – Preference studies
benefits

Heritage value Importance of nature as reference – Historic sites, features and artefacts
to personal or collective history – Designated cultural landscapes
and cultural identity – Cultural traditions and knowledge

Spiritual value Importance of nature in symbols – Presence of sacred sites or features
and elements with sacred, religious – Role of ecosystems and/or species in 
and spiritual significance religious ceremonies and sacred texts

Existence value Importance people attach to nature – Expressed (through, for example,
for ethical reasons (intrinsic value) donations and voluntary work) or 
and inter-generational equity stated preference for nature protection 
(bequest value). Also referred to as for ethical reasons
‘warm glow-value’ 

Source: de Groot et al, 2006

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 25



extinct, many people would feel a definite sense of loss (Dixon and Pagiola,
1998). Bequest value is the value derived from the desire to pass on values to
future generations (i.e. our children and grandchildren).

Monetary value of ecosystem goods and services
Many of the above-mentioned values can be quantified in monetary terms.
Monetary or financial valuation methods fall into three basic types, each with
its own repertoire of associated measurement issues (Table 2.4); direct market
valuation, indirect market valuation and survey-based valuation (i.e.
contingent valuation and group valuation).

If no site-specific data can be obtained (due to lack of data, resources or
time), then benefit transfer can be applied (i.e. by using results from other,
similar areas to approximate the value of a given service in the study site). This
method is rather problematic because, strictly speaking, each decision-making
situation is unique. However, as more data become available from new case
studies, benefit transfer becomes more reliable.

Although Table 2.4 is based on various literature sources, and seeks to
reflect a broad consensus on monetary valuation methods, other views and
terminologies do exist. For example, Dixon and Pagiola (1998) use the term
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Figure 2.2 The total economic value framework

Note: ‘bequest value’ is often also shown as another kind of (future) use (option) value.
Source: adapted from MEA (2003), based on Pearce and Warford (1993) and Dixon and Pagiola (1998)
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Table 2.4 Monetary valuation methods, constraints and examples

Method Description Constraints Examples 

1.
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Market price  The exchange value
(based on marginal
productivity cost) that
ecosystem services
have in trade 

Market imperfections
and policy failures
distort market prices 

Mainly applicable to the
‘goods’ (e.g. timber) but
also some cultural (e.g.
recreation) and regulating
services (e.g. pollination) 

Factor income or
productivity factor
method 

Measures effect of
ecosystem services on
loss (or gains) in
earnings and/or
productivity) 

Care needs to be
taken not to double-
count values 

Reversal of soil degradation
which increases site quality
and ecosystem productivity
and thereby incomes of
forest owners

Public pricing * Public investments, e.g.
land purchase, or
monetary incentives
(taxes/subsidies) for
ecosystem service use
or conservation 

Property rights
sometimes difficult to
establish; care must
be taken to avoid
perverse incentives  

Investments in watershed
protection to provide
drinking water, or
conservation measures  

Avoided (damage)
cost method

Services that allow
society to avoid costs
that would have been
incurred in the absence
of those services 

It is assumed that
the costs of avoided
damage or
substitutes match the
original benefit;
however, this match
may not be accurate,
which can lead to
underestimates as
well as
overestimates.

The value of the flood
control service can be
derived from the estimated
damage if flooding would
occur   

Replacement cost
and substitution
cost 

Some services could be
replaced with human-
made systems  

The value of groundwater
recharge can be estimated
from the costs of obtaining
water from another source
(substitute costs)   

Mitigation or
restoration cost 

Cost of moderating
effects of lost functions
(or of their restoration)  

E.g. cost of preventive
expenditures in absence of
wetland service (e.g. flood
barriers) or relocation 

Travel cost method Use of ecosystem
services may require
travel and the
associated costs can be
seen as a reflection of
the implied value 

Overestimates are
easily made; the
technique is data
intensive

E.g. part of the recreational
value of a site is reflected in
the amount of time and
money that people spend
while travelling to the site

Hedonic pricing
method 

Reflection of service
demand in the prices
people pay for
associated marketed
goods 

The method only
captures people’s
willingness to pay for
perceived benefits;
very data intensive 

For example: clean air,
presence of water and
aesthetic views will increase
the price of surrounding real
estate 
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‘change in output of marketable goods’ as a combined term for market price
and factor income; and they combine avoided (damage) cost, replacement cost
and mitigation cost into so-called ‘cost-based approaches’.

Each method has its advantages and disadvantages. Yet, in order to reach
an approximation of the true contribution of native forests and plantations to
human welfare and the economy, a mix of these methods should be applied to
include all functions, and associated goods and services, in the decision-
making process.

In Table 2.5, a first attempt is made to quantify the difference in service
performance between native and planted forests.

By using a mix of valuation methods, based on over 100 case studies,
Costanza et al (1997) came to a conservative estimate that the total economic
value of native forests is, on average, between US$300 and 2000/ha/year (1994
values).

Although there are very few data available about the monetary value of
ecosystem services provided by plantations, the data that are available indicate
that the (average) TEV of plantations is lower than the average TEV of native
forests (Fisher et al, 2008).
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Table 2.4 continued

Method Description Constraints Examples 

Contingent
valuation method
(CVM) 

This method asks
people how much they
would be willing to pay
(or accept as
compensation) for
specific services
through questionnaires
or interviews 

There are various
sources of bias in the
interview techniques;
also there is
controversy over
whether people
would actually pay
the amounts they
state in the
interviews

It is often the only way to
estimate non-use values; for
example, a survey
questionnaire might ask
respondents to express their
willingness to increase the
level of water quality in a
stream, lake or river so that
they might enjoy activities
like swimming, boating, or
fishing  

Group valuation Same as contingent
valuation (CV) but then
as an interactive group
process  

The bias in a group
CV is supposed to be
less than in
individual CV 

Uses results from other,
similar areas, to
estimate the value of a
given service in the
study site 

Values are site and
context dependent
and therefore in
principle not
transferable 

When time to carry out
original research is scarce
and/or data is unavailable,
benefit transfers can be use
(but with caution) 

3.
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Source: In de Groot et al, 2006, compiled after Barbier et al, 1997; King and Mazotta, 2001; Wilson and
Carpenter, 1999; Stuip et al, 2002
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Table 2.5 Difference in provision of goods and services between natural and
plantation forests

Main Goods and services provided by forests Natural (2) Plan-
ecosystem US$/ha/ tation
services year (1) (3)

categories

Food (from harvesting forest wildlife or 3 43 0
gathering plant-products) 

Raw materials (e.g. timber, fibre) 1 138 +

Energy resources (e.g. fuelwood, biofuels) 2 (incl. in +
above)

Fodder and fertilizer (e.g. leaves, other organic 1 (incl. in 0
matter) above)

Genetic resources (genes and genetic 2 16 –
information used for animal and plant breeding 
and biotechnology)

Natural medicines and pharmaceuticals 2 (incl. in –
(e.g. drugs, models, tools, essay org.) above)

Biochemicals (non-medicinal) (e.g. for dyes, 2 (incl. in –
biocides, food-additives) above)

Ornamental resources: wildlife used in e.g. 2 (incl. in raw –
fashion, handicraft, jewellery, worship, souvenirs, materials)
decoration, as pets and in landscaping 

Air quality regulation (e.g. capturing dust 2 87 –
particles, NOx fixation, etc) 

Climate regulation 2 141 –
Including carbon sequestration and storage 

Water quality regulation (filtering of 2 3 –
rainwater and run-off water)

Water regulation (buffering of extremes in 2 2 –
run-off and river discharge) 

Natural hazard regulation (reduction of storm 1 2 0
and flood damage) 

Erosion prevention (soil retention and 3 96 –
prevention of landslides/siltation) and 
maintenance and restoration of productive 10
soils

Biological control (reduction/prevention of 1 2 – –
crop, livestock and/or human diseases by 
providing a barrier or habitat for control of vectors) 

Pollination (providing habitat for pollinators of 2 (incl. in –
crops and wild plants) above)
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Yet native forests are still converted into single-function land-use types
(e.g. croplands) on a large scale even though proof is mounting that the total
value of multi-functional use of natural and semi-natural landscapes is, in the
long term, often economically more beneficial than short-term economic
benefits generated by the converted systems (Balmford et al, 2002). Clearly,
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Table 2.5 continued

Main Goods and services provided by forests Natural (2) Plan-
ecosystem tation
services (3)

categories

Aesthetic information (non-recreational 2 (incl. in –
enjoyment of scenery) recr.)

Recreation and nature-based tourism 2 66 –

Cultural heritage and identity (many people 2 2 –
value a ‘sense of place’ which is often associated 
with forests) 

Inspiration (e.g. for art, folklore, national symbols, 2 (incl. in –
architecture, design, advertising cultural)

Spiritual and religious information (many 2 (incl. in –
individuals and religions attach spiritual values to cultural)
forests and/or individual species) 

Educational information (both formal and 2 (incl. in – –
informal education in nature) cultural)

Science (ecosystems, incl. forests influence the 2 (incl. in – –
type of knowledge systems developed by cultural)
different cultures)

Refugium (provide habitat for resident plants 3 – – –
and animals and migratory species and thus 
contribute to maintenance of biodiversity and 
evolutionary processes

Nursery (provide reproduction habitat for ? ?
species with commercial value that spend their 
adult life elsewhere)

(1) Average monetary value of this service US$/ha/year (based on meta-analysis of over 100 studies by Costanza
et al, 1997) 

(2) Qualitative scale indicates relative performance of natural forests in providing the given services: 1 = low, 
2 = medium, 3 = high 

(3) +/0/– indicates difference in services-provision between natural and plantation forest (+ = service is enhanced,
0 = remains the same, – = service is reduced) 

(*) based on publications mentioned in the table-title. Of course there are large differences between forest types
and management regimes so this must be seen as a very rough indication and further study is needed.

Source: qualitative scale based on interpretation of information from Brown and Lugo, 1990; Parotta et al, 1997,
2002; Shelton et al, 2001; de Groot et al, 2002; MEA, 2003).
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these economic calculations must be interpreted with care but they can help to
highlight the economic (and financial) implications of these ecosystem
conversions and identify ‘winners and losers’, which can help to develop
financing schemes for sustainable management. If all forest services were
valued properly, and landholders received some of this value, then plantation
establishment might become financially attractive in degraded areas where
they could be environmentally very beneficial (e.g. to reduce erosion, improve
control of the water table and provide resources and other services).

Payment for ecosystem services (PES) and carbon markets
There are increasing efforts to develop a payment mechanism for ecosystem
services (PES), which can be regarded as another approximation of the
monetary value of ecosystem goods and services (e.g. Wunder, 2005, 2007).
Payments for ecosystem services may compensate for the imbalance between
the (public) costs of avoiding deforestation and the (private) income generation
from the conversion of (tropical) forests to other land use (e.g. Scherr et al,
2004). PES mechanisms have been designed for a wide range of services,
including forest preservation, water retention and biodiversity conservation.
For example, a PES programme could require participants to end all forest-
damaging activities (e.g. by establishing a private reserve), or simply maintain
a minimum amount of canopy cover while limiting road development in the
reserve. Gene (2007) indicates that protection of a forest in Costa Rica became
an attractive alternative against logging when the annual award of PES was set
at around US$75/ha/yr.

Carbon financing schemes like the Clean Development Mechanism (CDM)
and Reduced Emissions from Deforestation and Degradation (REDD) could
help to secure both the economic and ecological stability of forested areas (e.g.
Pfaff et al, 2000, 2007). Moreover voluntary CO2 emissions trading may be a
mechanism that will enhance the amount of money people receive for the
protection and sustainable use of forested areas. These mechanisms are
different in various ways, yet they have one thing in common: they only pay
for the so-called additionality; the surplus of reduced CO2 due to human
activities.

Forest plantations have a relatively high wood production rate (and thus
carbon storage) in comparison to many native forests (Evans and Turnbull,
2004). Therefore the Clean Development and emissions trading mechanisms
are thought to be important new incentives for investments in forest
plantations in the tropics (e.g. FAO, 2006). Jindal et al (2008) give an overview
of African carbon projects, which include many plantation projects. They
indicate that cash incomes for households can be increased significantly. In one
project in Mozambique, local households received a cash payment of US$242
per ha over seven years for carbon sequestered on their farms. Other benefits
to farmers included access to fruits, minor timber, firewood and any other non-
timber forest products (Jindal et al, 2008). However, to date there is still much
discussion about whether, and how, international mechanisms actually can
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provide financial support to developing countries interested in undertaking
REDD and CDM programmes (e.g. CCAP, 2009).

Quantification and valuation of local goods and services
provided by planted forests in Northern India: a case study

Introduction
In this section, results of a study of the relative contribution of planted forests
in India to local livelihoods are briefly presented and discussed. The study was
carried out as part of the NETFOP project (NETworking Forest Plantations in
a crowded world: optimizing ecosystem services through improved planning
and management strategies), an EU funded project under the India ECCP
(Economic Cross-Cultural Programme). The project (2005–2006) aimed to
establish an expert network on forest plantation planning and management in
three densely populated countries (India, Germany and The Netherlands) (van
der Meer et al, 2007a).

Forests in India cover some 67.7 million hectares (Mha), which is about 21
per cent of the total land area (FAO, 2006). According to FAO (2006), India
has some 3.2Mha of forest plantations with some 1Mha in productive and
2.2Mha in protective plantations). Eucalypts (Eucalyptus spp.), acacia (Acacia
spp.) and teak (Tectona grandis) are the main plantation species with a share
of 25 per cent, 20 per cent and 8 per cent respectively. Between 2000 and 2005,
the area of forest plantations increased by some 84,000ha/yr (FAO, 2006).
About 60 per cent of the 1.1 billion Indian population is dependent on the
forests for energy, livestock grazing and construction materials (FSI, 2003). As
the Indian population is increasing rapidly, there is an urgent need for sound
planning and sustainable management to prevent over-use and degradation of
India’s forest resource. In addition, recognition of the ability of planted forests
to supply a wide range of goods and services that are important for the rural
people of India has increased (e.g. Gundimeda et al, 2007).

The study was carried out in Uttaranchal (Uttarakhand), a state in the
mountainous region of Northern India with a total land area of 53,483km2

and a population of 8.5 million. Some 45.7 per cent of the state area is covered
with forests (FSI, 2005). The major forest types are tropical moist deciduous
forest, tropical dry deciduous forest, subtropical pine forest, Himalayan dry
temperate forest and (sub)alpine forest. Almost 27 per cent of the state is
covered by moderately dense forests (canopy cover 40–70 per cent), while
open forests (canopy cover 10–40 per cent) cover some 11 per cent of the state.
Approximately 7.5 per cent of the state is covered by very dense (>70 per cent
cover) forests (FSI, 2005).

The area of Uttranchal covered by forest plantations, is difficult to
estimate. As an approximation, the value for ‘tree cover’ may be used, which,
in Uttaranchal, is 1.23 per cent (658km2) (FSI, 2005). This indicates the area
of the state covered by small patches of trees (<1.0ha in area), which are not
recorded as forest area. This area includes trees in small-scale plantations,
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woodlots or scattered trees on farms, homesteads and urban areas. Trees along
roads and canals also are included. However, plantations larger than 1ha in
size are not included, meaning that the area covered by forest plantations,
which more appropriately may be called cultivated forest, is likely to occur on
more than 1.23 per cent of the state land area.

Identification and quantification of ecosystem goods and services
To determine what products and services were used from the different forest
areas, and what value they represented, a multidisciplinary landscape
assessment (MLA) was performed. The MLA consists of a set of methods
initially developed by CIFOR and partners to address biodiversity
conservation in local communities in Kalimantan (Sheil et al, 2003).

In each of the three following altitudinal zones two villages were selected:

• the lower zone (600–1000m), vegetation dominated by sal (Shorea robusta)
forests and associated species;

• the middle zone (1000–1600m), with forests dominated by chir pine (Pinus
roxburghii);

• the upper zone (1600–2200m), with forests dominated by deodar (Cedrus
deodara).

The size of the six villages varied between 250 and 900 inhabitants. The
number of households per village varied between 35 and 103, with an average
of 7 persons per household.

In each of the villages, a community meeting was organized to identify the
landscape units surrounding the village, and what goods and services each of
these landscape units delivered to the villagers. Subsequently more detailed
information was gathered from selected households in each village by focus
group interviews. The number of households interviewed per village ranged
from 5 to 10. The information from the community meetings and household
interviews was used to estimate the quantity of EGS used in each of the four
groups of goods and services identified (provisioning, regulation, supporting
and cultural). In addition, information on harvesting patterns and people’s
perceptions of intangible services was collected through questionnaires.

Ranking and valuation of EGS
A scoring exercise (pebble distribution method: PDM) was used to assess the
importance of various landscape units for providing different ecosystem goods
and services. This method is relatively easy to use, and is commonly employed
to rank the importance of various landscape units for the provision of goods
and services (e.g. Sheil et al, 2003, Sheil and Liswanti, 2006).

The importance value of the identified EGS was also determined in
economic, ecological and social terms following the approach described above.
However, as we aim to illustrate the application of EGS to, and the economic
valuation of, planted forests in India, these results are not presented here. A
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complete overview of the EGS provided by Indian forests, and the value they
represent is beyond the scope of this chapter.

The economic valuation focused on provisioning goods and services, as
these are the main sources of income for local people living in and around the
forested areas studied. The direct market value method was used to determine
the total value of EGS produced by the forest landscapes.

Results
Identification of EGS
During community meetings, the following landscape units in and around
villages were identified:

1 State forest: forest managed under the Forest Department; these include
both planted and native forest.

2 Community forest: common property under the Revenue Department.
Local statutory bodies (e.g. Van Panchayats) are responsible for
management; plantations have been established on this land with support
of the Watershed Department.

3 Grassland, community land.
4 Rivers and streams: usually in the valleys and lower parts.
5 Village area: land occupied by human settlements, including trees growing

on this land.
6 Agricultural land: private land owned by households for growing crops.
7 Fallow land: all arable land not occupied by crops in order to regain its

fertility.

The household survey produced a list consisting of four categories of goods
and services (provisioning, regulating, supporting and cultural), each of which
consists of six to ten goods and/or services:

• Provisioning EGS: (1) food, (2) raw materials (timber, fibre, baskets), (3)
energy resources (fuelwood, cow dung), (4) cattle-related products (fodder,
cattle bed leaves), (5) agriculture-related products (manure and others), (6)
genetic resources, (7) medicinal resources, (8) ornamental resources, (9)
cultivation (grazing), (10) waste treatment (sanitary facilities).

• Regulation EGS: (1) water flow regulation, (2) erosion prevention, (3)
water quality maintenance, (4) soil quality maintenance, (5) natural hazard
regulation, (6) air quality regulation, (7) climate regulation, (8) biological
control, (9) pollination.

• Cultural EGS: (1) Aesthetic information, (2) recreation and nature-based
tourism, (3) cultural heritage and identity, (4) inspiration, (5) spiritual and
religious information, (6) educational information, (7) science.

• Supporting EGS: (1) refuge area, (2) nursery, (3) primary production, (4)
nutrient cycling, (5) soil formation, (6) water cycling.
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Quantification and valuation of provisioning EGS
For each of the ten categories of the provisioning EGS, the total annual harvest
from all landscape-unit types surrounding the village are given in Table 2.6. In
the third column, the percentage harvested from forest areas (state forests and
community forest) is given. It shows that, overall, 64 per cent of all
provisioning goods and services in the study area are provided by forests.

Table 2.6 Quantities of annual harvest from forest landscapes 
(state and community forest)

Total quantity % from forest
(kg/hh–1/yr–1) 

Food products 38 68%

Raw materials (timber, fibre, baskets) 77 69%

Energy (fuelwood) 1794 69%

Cattle-related products (fodder, cattle-bed) 6603 58%

Agriculture-related products (manure etc.) 8215 61%

Genetic resources1 3 (no/year) 90%

Medicinal resources 0.6 30%

Ornamental resources2 (17% of resp.) 60%

Cultivation (grazing) 16,419 67%

Waste treatment3) (62 % of resp.) 34%

TOTAL 33,146 64%  

Quantities are given in kilograms harvested per household (hh) per year unless otherwise indicated. (average hh
size = 7 persons).

There was considerable variation in the quantity of EGS used between the
three altitudinal zones (see van der Meer, 2007a). In general, inhabitants from
villages in the middle zone used the largest quantities of the various goods and
services. Differences between the use of EGS by inhabitants from the lower and
the upper zones were less conspicuous. For instance, in one of the middle zone
villages, every household consumed 82kg of edible forest items per year,
compared to 29kg and 4kg in the villages in the upper and lower zone,
respectively.

The direct market value method was used to determine the total monetary
value of EGS produced by the forest landscapes (Table 2.7). In the economic
valuation, the ornamental, medicinal and genetic resources were not
considered as the quantities reported were very small and varied considerably
between households.
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Table 2.7 Monetary value (in US$) of annual benefits from forest landscapes
(state and community forest)

Provisioning services Quantities from forest Direct market value
(kg·hh-1·yr-1) (US$·hh-1·yr-1)

Food products 26 17

Raw materials (timber, fibre, baskets) 53 18

Energy (Fuelwood) 1229 73

Cattle-related products (fodder, cattle-bed) 3815 68

Agriculture-related products (manure and others) 4997 37

Cultivation (grazing) 10,939 263

Waste treatment (34% of respondents). 1

TOTAL  477

Source: van der Meer et al, 2007b

Tables 2.6 and 2.7 show that people in the selected villages enjoy a wide range
of provisioning services from the forest. The total value of the forest services
(US$477 per annum) is equal to a substantial part (around 80 per cent) of the
average annual income in the area, which is about US$638/hh/yr.

Discussion
Forests, either planted or (semi-)natural, play an important role in the
provision of EGS to local communities in Northern India as in many other
parts of the (less-developed) world. Gundimeda et al (2007) indicate that, in
particular, the income from forests in the north-eastern states of India is
significantly underestimated by traditional measures of income. Other studies
done in the same region confirm the important role of forests in the provision
of various goods and services like fuelwood (e.g. Maikhuri, 1991;
Shyamsundar and Kramer, 1997), non-timber forest products (Mahapatra and
Tewari, 2005; Murthy et al, 2005) and medicinal plants (van de Kop et al,
2006).

The observed variation in quantity and value of utilized EGS between
villages is probably determined not only by the differences in altitude and
associated vegetation; villages in the lower zone were close to urban centres
providing jobs and income, and villages in the higher zone obtained income
from tourism. The villages in the middle zone were quite isolated with the
majority of people depending most heavily on forests for their daily living
supplies. The economically less-developed villages were more dependent on
provisioning services than more-developed villages; e.g. the collection of cattle
bed leaves and fodder was almost twice as high in the remote villages
compared to the other villages (e.g. 3300 vs. 1800kg/annum/hh). Also the
amount of fuelwood collected was higher in remote villages than in the other
villages.
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Here we only described the quantification and valuation of the
provisioning goods and services. This does not mean that other regulating,
supporting and cultural services were not important. Our surveys suggest that,
according to local perception, planted forests were the most important
landscape unit providing regulating (e.g. soil and water control) and
information services (e.g. inspiration, education) (van der Meer et al, 2007a).
Other studies have confirmed the important role of both planted and natural
forests in providing water and soil conservation (e.g. Guo and Li, 2003;
Aylward, 2004; Wang et al, 2009). However, the quantification and valuation
of these less tangible services is often problematic. For instance, it is not easy
to quantify the amount of water flow regulated or the amount of soil improved
(see Chapter 4). Second, it is not easy to get actual payments for the indirect
economic value of forest ecosystem services such as the regulation of
hydrological cycles and soil conservation, as for instance indicated by Scherr
et al (2004) and Wunder (2007).

Although it may be clear that forest (plantations) in some cases are able to
sustain and enhance local biodiversity levels (e.g. Cossalter and Pye-Smith,
2003), it proved difficult to quantify biodiversity levels because this requires
in-depth and often long-term investigations, which were beyond the scope of
this study. Also translating biodiversity into a (monetary) value is difficult.
Conservation and use of the services biodiversity provides requires financing
on a large scale (e.g. Jenkins et al, 2004); payment for biodiversity on a local
scale currently seems unrealistic.

The EGS methodology enables quantification and valuation of the goods
and services of planted forests. The quantification and (monetary) valuation of
provisioning goods and services from planted forests showed that rural
communities, especially, in India depend largely on forests for their daily
livelihood. The quantification of the regulating, supporting and cultural
services proved to be more difficult. However, using a scoring methodology, it
was possible to indicate the relative importance and rank the various goods
and services in these categories.

The economic valuation of provisioning services is most straightforward,
partly because these goods and services are relatively easy to quantify.
However, the ecological and cultural evaluation of the provisioning goods
needs to be developed further. The monetary valuation of the regulating,
supporting and cultural services is problematic. This is partly due to the
difficult quantification, but also because there is no market for these goods and
services.

Concluding remarks

In general, understanding the synergies and conflicts between different land
uses (and land-use policies) is crucial for developing an integrated landscape
approach. Lamb et al (2005) stress that restoration of degraded forest lands in
tropical regions should focus on establishing an optimal mix of biodiversity,
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regulation functions and supply of goods and services. A sound understanding
of the quantity and value of the goods and services is much needed to improve
planning and managing planted forests. This means that information is needed
on both biophysical processes, like forest growth and water regulation, as well
as on socio-economic factors, like population pressure and economic values. In
acquiring this information it is important to involve all concerned stakeholders
(e.g. Sayer et al, 2004; ITTO, 2005). Once there is a proper understanding of
what forest functions are needed, it is possible to use spatial planning to design
a forest landscape that delivers the optimal mix of goods and services (e.g.
Sayer et al, 2004).

Planted forests afford opportunities to refine further spatial planning and
the management of forest goods and services. For instance, the inclusion of high
conservation value areas and biodiversity corridors could help to improve
biodiversity levels in plantation areas without affecting the production function
(e.g. Barlow et al, 2006; Cyranoski, 2007).Van Eupen et al, (2007) use scenario-
dependent maps, which indicate habitat suitability of landscapes for certain
flagship species. When integrated with planning for the other most important
provisioning, regulating, cultural and supporting goods and services, this could
be a valuable tool for better planning in planted forests. This could be used in
the new approaches currently being developed for the restoration of degraded
forest landscapes in tropical areas, which address both the sustainable use of
biodiversity as well as alleviation of rural poverty (Lamb et al, 2005).

We conclude that a better understanding of the quantity and value of the
goods and services provided by planted forests enables improved policy-
making and management of (degraded) forested areas. Turning this into a ‘real’
money value (through PES schemes) can help to pay for the conservation,
restoration and sustainable use of a forest area. These new policies and action
plans are needed urgently to help restore a wide range of ecosystem services in
the large area of degraded forest land in the tropics.
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3
Managing forest plantations 

for carbon sequestration today 
and in the future

Hannes Böttcher and Marcus Lindner

Introduction

Despite the past and recent losses of extensive forest areas globally, the
remaining forests turn over approximately one-twelfth of the atmospheric
stock of carbon dioxide through gross primary production (GPP) every year
(Malhi et al, 2002). Yet less than 1 per cent of the carbon turned over ends up
in a long-term terrestrial carbon sink. Forest ecosystems contain various
carbon pools with different turnover rates. The average residence time of
carbon in forest biomass in unmanaged tropical systems ranges from 50 to 100
years (Vieira et al, 2005). In systems where carbon is released earlier through
harvesting or natural disturbance, the average age of carbon is lower.

Currently, forest ecosystems in the Northern Hemisphere form a sink for
atmospheric CO2. The Intergovernmental Panel on Climate Change (IPCC)
estimated the global net uptake of carbon by terrestrial ecosystems from 1990
to 1998 to be about 2.4Gt C per year (Bolin and Sukumar, 2000; Schimel et
al, 2001). Several processes contributed to carbon sequestration in the sink. In
addition to the positive influences of anthropogenic nitrogen deposition,
increasing global temperatures and rising CO2 (Schulze, 2006; Canadell et al,
2007a; Magnani et al, 2007), management changes are of particular
importance (Houghton, 2003).

Today 89 per cent of forests in industrialized countries and countries in
transition, and about 12 per cent of the total forest area in all developing
countries is either managed according to a formal or informal management
plan or has been designated as a conservation area (Wilkie et al, 2003). The
area clearly is dependent on the definition of forest management adopted.
Forest management, in general, can be referred to as the application of
biological, physical, quantitative, social and policy principles to the
regeneration, tending, utilization and conservation of forests to meet specified
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goals (Sampson and Scholes, 2000). Forest management, as defined here,
comprises afforestation and the implementation of activities such as planting,
thinning and harvesting applied in existing forests.

In view of the properties of carbon stocks in forest ecosystems and the
forestry sector, and the definition of forest management above, three known
strategies are available to curb the increase of CO2 in the atmosphere (Brown
et al, 1996; IPCC, 2001a; Freibauer, 2002):

• Conservation to prevent emissions from existing forest carbon pools. This
measure has an immediate benefit for the atmosphere. Its theoretical
potential equals the current existing carbon stock in forest ecosystems that
potentially could be released. Conservation is important in regions with
high C stocks per area and where natural disturbances are insufficiently
frequent or intensive to cause large immediate reductions in C stocks.

• Sequestration to increase stocks in existing pools. The effect of
sequestration can be characterized by a slow build-up of carbon in the litter
and soil from tree growth and carbon accumulation. Activities that aim to
promote carbon sequestration can lead to carbon gain in the biosphere
assuming forest carbon can be restored to the natural carrying capacity.
Sequestration applies to areas where C stocks have been depleted.

• Substitution of energy-intensive, or fossil fuel-based products with products
derived from renewable resources. The benefits of substitution accumulate
over time with each harvest and product use. The technical potential can be
as high as the emissions from fossil fuel that potentially can be substituted.
The effect of fossil fuel substitution depends on whether the substitution
actually reduces fossil fuel use or merely limits its increase. Substitution
relies on harvesting, and therefore conflicts with conservation and
sequestration objectives in forests.

In plantations, the last two strategies are of particular importance.
Through these measures, forest ecosystem management can introduce and

enhance CO2 sinks to service atmospheric carbon mitigation, affecting the
biomass (above and below ground), litter, dead wood, soil organic matter,
products and fossil fuel carbon substituted by products, and the use of biomass
for energy production (see Figure 3.1). Single management activities can either
increase or decrease carbon pools. The response may differ between stand and
landscape levels, or be perceived differently by ecosystem and forest sectors.
The overall net effect of management is expressed by changes in atmospheric
carbon stocks. Yet forests are also vulnerable to climate change, and carbon
stocks accumulated over decades bear a certain CO2 efflux potential through
various types of disturbances (Körner, 2003).

The short-term effects of management on the forest carbon budget are
relatively easy to measure in the above ground biomass. One major challenge
is to quantify the long-term effects of historical forest use on soil carbon
stocks, and to separate these from the effects of recent forest management.
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While some practices like inter-rotational site preparation practices can have a
very substantial effect on soil C in tropical plantations (Paul et al, 2002), the
effects of silvicultural practices on soil carbon are comparably small given the
large small-scale variability of soil carbon stocks (Smith and Conen, 2004;
Mund and Schulze, 2006).

The carbon balance of the forest-based sector includes both the forest
resources and also harvested wood products (e.g. Marland and Schlamadinger,
1997; Liski et al, 2001; Nabuurs et al, 2007; Freibauer et al, submitted). The
production of wood is the primary function in 34 per cent of the world’s
forests. Global wood removals were estimated to be approximately 0.8Gt C in
2005 (FAO, 2005). Wood products affect the carbon cycle in three major ways
(IPCC, 2001a):

• as a physical pool of carbon, maintained through recycling, and depleted by
decay;
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Figure 3.1 Overview of main effects of forest management options 
for mitigation

Note: The chart shows carbon pools and services (grey boxes), and fluxes (arrows). Specific management activities
are presented in white boxes (speech bubbles). Management activities can have multiple effects on different pools,
all of which cannot be presented here
Source: adapted from Böttcher, 2008
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• as an energy or material substitute replacing fossil fuels and energy-
intensive materials;

• as an energy source.

This chapter reviews the relationship between management options in planted
forests and carbon sequestration under present and future climate conditions.
We review the state of knowledge about the effects of new forest plantations,
and of changes in management practices in existing plantations on the carbon
balance. Potential impacts of climate change on the carbon balance are
summarized and consequences for forest management are outlined. Finally, we
discuss the potential synergies and trade-offs between carbon management
options and the provision of other goods and services from forests.

Managing forests for carbon sequestration

General effects of forest management on the carbon balance
Forest management significantly affects the carbon balance in forests. There
are many different forest types around the world, which differ in climate, soil
conditions or degree of human influence on the ecosystem. Although forest
management varies greatly, certain features are nevertheless common across
forest ecosystems.

In most cases, primary unmanaged forests contain significantly higher
carbon stocks than managed forests, in particular short-rotation plantations
(Cannell, 1995; WBGU, 1998). However, carbon storage in managed forests
can exceed that in unmanaged stands if, to avoid disturbance, the harvest cycle
is extended beyond the average length of the natural disturbance cycle (Price
et al, 1997). Whereas in regions where natural disturbance events occur
relatively infrequently, old-growth forests store significantly larger quantities
of biomass carbon than younger managed stands, net annual carbon
sequestration rates in managed stands are usually higher. In Figure 3.2 patterns
of stand-level carbon accumulation over time are compared between an
unmanaged forest and forests, including plantations, under different
management regimes. Carbon sequestration rates are high in young forests and
decline as forests grow older. Assuming an undisturbed development, biomass
carbon stocks increase constantly until they reach a maximum value. High
stocks are accompanied by small increments. The decline in carbon stocks
varies with management intensity. Simultaneously, carbon sequestration rates
increase with management intensity. The graphs (a) to (d) in Figure 3.2 also
demonstrate the importance of temporal fluctuations in carbon stocks at the
stand level.

Converting old-growth forests with high C stocks and low C sequestration
rates into young, fast-growing plantations with high carbon sequestration,
however, has a negative impact on the net greenhouse gas balance because the
large initial loss of carbon cannot be compensated for within a conceivable
period of time by the additional carbon sequestration in the growing
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plantation and harvested wood products (Harmon et al, 1990; Kurz et al,
1998; Schulze et al, 2000).

The integrated effect of alternative management systems is best recognized
at the landscape level. By extending the view beyond the forest stand to the
level of forest management units or forest landscapes, time-dependent carbon
gains and losses average out. Then, implications of different silvicultural
systems for C storage and sequestration become more apparent.

The initial age structure of the forest landscape is an important key of
carbon dynamics in planted forests at the landscape level (Böttcher et al, 2008).
The age-class structure itself reflects the past afforestation rate, harvesting
activities and stand-replacing disturbances. As discussed above, older forests
usually contain more carbon than young stands. Therefore different
management regimes, e.g. with different rotation lengths, can affect landscape
carbon stocks differently when applied to a forest landscape depending on the
distribution of age classes in the plantation landscape. This legacy effect might
affect whole regions, e.g. as in Canada. Shifts in the age-class structure of
Canadian forests as a result of changes in stand-replacing disturbance regimes
caused the Canadian forests to become a net source of carbon in the 1980s after
being a strong sink for decades (Kurz and Apps, 1999).
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Figure 3.2 Carbon stock development in forests under different 
management systems

Source: after WBGU, 1998
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In general, the overall effectiveness of carbon management as a greenhouse
gas mitigation activity in the land use sector depends on the initial status of the
ecosystem and the proportional cover of the various forest stages in the
landscape. In degraded areas with an open canopy, restoration can result in
large carbon gains per hectare (Nabuurs et al, 2007). In contrast, especially in
regions with ongoing deforestation, the conservation of carbon stock through
the protection of primary forests offers mitigation potential. Similarly, the
carbon sequestration potential in young forest landscapes with sustainable
forest management with long rotations is large, whereas the management of
forests with a high proportion of old stands needs to aim at maintaining these
stocks. Increasing the forest cover by the afforestation of unproductive land
area is one of the most efficient long-term carbon management options.

Creating new forests
The notion of storing CO2 by planting trees was developed as early as the
1970s (Dyson, 1977) and proposed again when the climate change discussion
became more public following the 1992 Earth Summit in Rio de Janeiro
(Marland and Marland, 1992). The development of a global afforestation
programme to sequester carbon in plantations was proposed (Nilsson and
Schopfhauser, 1995). At that time, it was estimated that this could result in
345Mha of new forest plantations and agroforestry plantings, which would
sequester up to 1.5Gt C per year, equivalent to about 30 per cent of the
anthropogenic carbon emissions. A decade later, although afforestation for
CO2 sequestration is still of interest, its expected contribution of carbon is
significantly smaller. The IPCC Third Assessment Report estimated that 12–15
per cent of fossil fuel emissions up to 2050 could be offset by improved
management of terrestrial ecosystems globally (Sathaye and Bouille, 2001). A
more recent regional study in the Midwestern United States reported that the
afforestation of marginal agricultural land, comprising 24 per cent of
agricultural land area, could offset 6–8 per cent of current CO2 emissions from
the regional fossil fuel combustion (Niu and Duiker, 2006).

To assess the net carbon mitigation impact of an afforestation programme,
consideration must be given to the balance of deforestation and afforestation.
For example, Woodbury et al (2006) calculated that, in the period 1990–2004,
deforestation in the south-central and south-eastern US resulted in the release
of 49Tg C from the soil; more than 50 per cent of the 88Tg C in soils
sequestered by afforestation in the region during this time period. The net
carbon sink in the tree biomass was about 240Tg C, resulting from a much
larger afforested area compared to the deforested area. However, globally, the
latest Forest Resource Assessment by the United Nations Food and Agriculture
Organization (FAO, 2005) estimates the current rate of afforestation,
landscape restoration and natural expansion of forests at 5.7Mha per year, in
contrast to a loss of 13Mha per year through deforestation.

The area of forest plantations increased by 2.8Mha per year between 2000
and 2005, mostly in Asia (FAO, 2005). According to the Millennium
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Ecosystem Assessment scenarios (MEA, 2005), the forest area in industrialized
regions will further increase between 2000 and 2050 by about 60–230Mha.
These areas of new forests are characterized by a very juvenile age structure
(e.g. as for the old coppices or post-war plantations of European forests) that
show high increment rates and increasing growing stock. The sustained
accumulation of carbon in these forests also results from harvest rates that are
lower than the increment because harvesting has not adapted to the increase in
productivity (Ciais et al, 2008).

Afforestation typically leads to increases in biomass and dead organic
matter carbon pools and, to a lesser extent, soil carbon pools (Paul et al,
2003). However, biomass removal and site preparation prior to afforestation
also may lead to carbon losses. The carbon sequestration potential of
afforestation depends on many different factors such as previous land use, soil
type or tree species (Guo and Gifford, 2002; Jandl et al, 2007). Carbon
sequestration is higher on sites deplete in soil carbon, e.g. due to unsustainable
agricultural practices (De Koning et al, 2005; Jandl et al, 2007). Conversely,
on sites with high initial soil carbon stocks, (e.g. grassland ecosystems), soil
carbon stocks may decline following afforestation (Davis and Condron, 2002;
Thuille and Schulze, 2006). However, depending on the ecosystem type and
productivity, more often the accumulation of carbon in the forest biomass
compensates for this loss after about 10–15 years (Thuille and Schulze, 2006).
The degraded soils on land available for afforestation in the tropics primarily
constitute low-carbon systems where a significant net C sink after afforestation
is expected. Grasslands with high initial carbon stocks that more likely lead to
C release after afforestation are more often associated with dry or cold/wet
climates.

Thuille and Schulze (2006) described the development typical of different
ecosystem C pools following an afforestation of former grasslands (Figure
3.3). After tree planting, carbon is released from the mineral soil for at least
several years, whereas carbon is sequestered mainly in the above ground
biomass. With increasing tree biomass in regions where decomposition is
restricted by dry and/or cool periods, litter production increases, building up
an organic layer and, in the longer term, the carbon pool, at least in the top
soil, is partly replenished (Zerva and Mencuccini, 2005).

In their comprehensive review of the change in soil carbon after
afforestation, Paul et al (2002) found a clear age effect, indicating carbon
losses in most young afforestations, variable trends in 5–30-year-old
plantations and prevailing soil carbon gains 30 years and more after
afforestation. Furthermore they documented species differences: in surface soil
(<10cm or <30cm), C amounts increased under hardwoods (poplar, mahogany,
etc.) and softwoods (mixed pines, spruce, etc.), yet changed little under
eucalypts and decreased under radiata pine. In deeper soil layers (>10cm
depth), C increased under eucalypts and other hardwoods, and decreased
under radiata pine and other softwoods. It should be noted that the different
species were planted in different climatic regions of the world. However,
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species-specific responses are also documented from targeted experiments by
planting several species along a site fertility gradient (e.g. Vesterdal and
Raulund-Rasmussen, 1998).

We can conclude that creating new forests results, in most cases, in
significant carbon sinks. However, the influence of former land use and
selected species stresses the importance of management choices for optimal
carbon management of these areas.
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Figure 3.3 Changes in carbon stocks in stem biomass, organic layers and
mineral soil to 50cm depth, averaged over several chronosequences

Note: Previous land use was pasture. The bars on the right hand side show the carbon stocks in continuously
forested control plots
Source: adapted from Thuille and Schulze, 2006
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Changing management of existing forests
In the following, different management options in existing forests are reviewed
with respect to their impact on the carbon budget and potential mitigation
contribution. These options include choice of rotation length, thinning
intensity, enhancement of tree growth, choice of tree species, treatment of
harvest residues, protection from disturbances and management of harvested
wood products. Figure 3.4 presents an overview of the estimated sequestration
potential of a range of forest management measures. This suggests that
temporal changes in forest carbon stocks could range from 0.15t C/ha/year to
3.5t C/ha/year (Nabuurs et al, 2000).

Rotation length
Rotation length (i.e. the time from stand establishment to harvest) is
commonly used to manage timber yield and income from forests and directly
influences carbon stocks in biomass, soil and wood products (Liski et al, 2001;
Harmon and Marks, 2002; Pussinen et al, 2002; Kaipainen et al, 2004).
Changing the rotation length can therefore be considered an effective measure
for managing the carbon budget of forests for climate change mitigation.
Kaipainen et al (2004) investigated the effect of rotation length in different
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Figure 3.4 Total potential sequestration per hectare (high estimates) 
for different forestry activities

Source: Nabuurs et al, 2000
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European forests on carbon stocks in forest biomass, soil and wood products
using the CO2FIX model. Biomass carbon was affected most. An increase in
rotation length usually results in an increase in biomass carbon stocks (Figure
3.5).

The effects of rotation length on the amount of carbon stored in soil are less
well understood (Johnson, 1992; Johnson and Curtis, 2001) and more difficult
to assess. Prolonging rotation length may increase soil carbon due to (a) more
living biomass and consequently an increase in litter input from tree biomass
and (b) less frequent harvests, which may stimulate decomposition through
organic matter mixing with the top layer of the mineral soil (Yanai et al, 2003).
However, more frequent harvests also increase litter input and the amount of
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Figure 3.5 Carbon stock of trees in forests in Finland (FI), Germany (DE),
Spain (ES) and the UK (GB) for different rotation lengths

Source: adapted from Kaipainen et al, 2004
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soil carbon (Seely et al, 2002). Similarly, Liski et al (2001) report increases in
carbon stored in soil with rotation shortening after modelling both Scots pine
and Norway spruce growth over 60 as well as the recommended 90 years. The
soil carbon stock increased with the increased litter fall from young trees
which, unlike old trees, tend to allocate more growth to tree parts other than
stems, and leave more harvest residues per harvested stem wood volume (Liski
et al, 2001).

The effect of rotation length on carbon stocks in harvested wood products
depends on both the quantity and the quality of harvested timber (Kaipainen
et al, 2004). While a longer rotation might reduce the harvested yield per
hectare due to losses through natural mortality (Figure 3.6), the average
carbon stock of wood products might remain stable or even increase. This is
because the mean residence time of carbon in products increases when a larger
proportion of the wood products manufactured derive from larger-sized timber
with a longer lifespan (Kaipainen et al, 2004).

Whether rotation prolongation is favourable for climate change mitigation
depends on current rotation length, tree species, associated changes in wood
products and the occurrence of natural disturbances. The effect on the
landscape harvest yield depends on the position of the culmination point of the
stand mean annual increment. Any change in rotation length away from the
optimal rotation length leads to a decrease in harvest yields. However, few
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Figure 3.6 Mean annual harvests and wood assortments from Scots pine
forests in Finland for different rotation lengths

Source: adapted from Kaipainen et al, 2004
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forest landscapes have a balanced age-class structure. Moreover, forest growth
has increased substantially in many forests in the Northern hemisphere due to
nitrogen deposition, CO2 fertilization and climate change (Magnani et al,
2007; Kahle et al, 2008). Thus, in many regions, removals have been well
below net annual increments in the late 20th century (UNECE/FAO, 2000)
and, consequently, the average rotation length increased widely after 1990
with no constraints on harvest level.

The rotation time in managed forests often is influenced by the potential
product the forest owner wants to sell and the current market situation for
different products. How effectively rotation extension is implemented in the
future to mitigate climate change is dependent to a large degree on economic
incentives (see Figure 3.7). By increasing the rotation length in Finnish spruce
forests by 30 per cent, Liski et al (2001) calculated losses of landowner mean
net revenues of US$14.9/ha/year or 10 per cent, as a result of the decreased
annual fellings. Over the next 20 years, renewable energy policies are expected
to encourage the establishment of short-rotation forest plantations for wood
fuel production (UNECE, 2005). In addition there is a trend towards
compound products, resulting in a higher demand for sawn timber of smaller
diameters (UNECE, 2007). It is therefore likely that economic conditions will
favour a reduction in rotation length in future in some forest management
regions.
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Figure 3.7 Mean carbon stocks over the rotation of Scots pine forests in
Finland for different rotation lengths

Note: Biomass includes the living biomass of trees (excl. fine roots), soil includes litter and soil organic matter,
forest includes biomass and soil, products means wood products in use and total is the sum of biomass, soil and
products
Source: adapted from Kaipainen et al, 2004
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The effect of extending rotation length is only temporary. Once forests reach a
steady state with this increased rotation length, they are no longer carbon
sinks, and the lower the revenue or the higher the roundwood prices are, the
higher the costs of maintaining the larger carbon stock (Liski et al, 2001). At
the same time the higher carbon stocks also imply an increased risk of
unintended emissions from disturbances such as storms or fire.

Thinning intensity
In many forestry regions, forest stands are thinned, providing early revenues
and making site resources available to fewer individual trees. Optimal timing
and intensity of thinning increases the volume of individual trees compared to
unthinned stands (Nyland, 1996). However, at the stand level, thinning
reduces tree density and therefore reduces carbon in the biomass pool. Between
well-timed thinning operations, the number of trees remains unchanged,
meaning that thinning mimics self-thinning processes. This reduces the loss of
carbon through natural decomposition and leaves more carbon for harvest,
wood products and substitution. Depending on tree species, the trees
remaining after a heavy thinning that reduces stand density below a critical
level cannot compensate for the loss in crown cover of the removed trees at the
stand level (Assmann, 1968), and biomass increment also declines.

Modelling exercises indicate that any thinning regime decreases forest
ecosystem carbon stocks compared to unthinned stands (e.g. Dewar and
Cannell, 1992; Thornley and Cannell, 2000; Eriksson, 2006). In addition to
reducing average carbon storage in biomass pools, intensive thinning can
impact negatively on carbon stored in litter and dead wood pools (Seely et al,
2002). Therefore, forest ecosystem carbon storage could be maximized by
abandoning thinning, yet would be associated with a substantial loss of
revenue for forest owners (Garcia-Gonzalo et al, 2007).

Böttcher et al (2008) show how increasing thinning intensity (with more
biomass ending in slash or relatively short-lived wood products) might reduce
the carbon balance, even at the forestry sector level when harvested wood
products are considered. The fate of the harvested wood is important in the
assessment of the net effect of intensifying thinning. Even if the mean residence
time of carbon stored in wood products from early thinning operations were
shorter than the mean residence time of carbon in forest biomass or dead wood
– which is not true for modern compound wood products – the efficient use of
thinned wood nevertheless would contribute to climate change mitigation
through the product recycling chain and substitution effects (Marland and
Schlamadinger, 1997; Freibauer et al, submitted).

Thinning is an important measure for managing species distribution in
mixed stands and thus can indirectly affect carbon stocks through species
choice. It may also reduce the risk of disturbances, such as storms, fire or snow
breakage in younger stands, and therefore could be considered a disturbance
protection measure (see below) that leads to decreased stocks in the short term
but assures stable stands and carbon stocks in the long term.
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Enhancing biomass growth
Forest stand growth is determined by (a) site quality (the main factors are
climate, microclimate, soil and relief) and (b) how well trees capture resources.
The latter is influenced by genetic pool, stand development and degree of
stocking. The genetic stock and other silvicultural factors, most of which can
be altered by managers, may prevent the potential site productivity from being
attained (Mead, 2005). On sites where nutrients and water are limiting factors
to plant growth, the potential for enhancing and accelerating biomass
production and yield by fertilizer application and irrigation may be
considerable (e.g. Nilsson, 1997; Stromgren and Linder, 2002; Adams et al,
2005; Bergh et al, 2005; Mead, 2005). However, whether fertilization also
results in enhanced long-term C sequestration (Pettersson and Hogbom, 2004)
is less clear and probably only valid in some cases.

Figure 3.8 lists net responses in productivity of forest plantations to
various growth improvement measures reviewed by Mead (2005). The review
considers optimal species and provenance selection assumed to be suitable for
the site. Responses to treatments are always very site-dependent. Furthermore,
some treatments may not be applicable to particular sites, nor are effects
always cumulative (Mead, 2005). Whereas N and P application increased tree
growth in various eucalypt species trials in India (Sankaran et al, 2004) by up
to 70 per cent and 43 per cent, respectively, and early weed control increased
growth by up to 138 per cent, the establishment of N-fixing legumes had no
significant effect on growth. However, in general, depending on growth-
limiting factors other than N availability such as N-fixing, unlike in
monocultures, a species in mixed-species plantations has the potential to
increase productivity while maintaining soil fertility (Forrester et al, 2006,
2007, see also the next section on species choice).

Site preparation for enhancing biomass growth through manual,
mechanical and chemical measures and prescribed burning promotes rapid
establishment, early growth and the good survival of seedlings but may lead to
soil carbon losses, which typically increase with the intensity of the soil
disturbance (Jandl et al, 2007). For a thorough assessment of enhanced growth
as a measure of climate change mitigation, the effects (of enhanced growth) on
soil carbon as well as the greenhouse gas emissions associated with site
preparation and fertilizer production need to be taken into account.

Choice of tree species
The choice of tree species for a certain site is a management decision and can
influence C storage over time. In general, the carbon storage potential of a
given species depends on the maximum achievable stand biomass and on the
time required to reach that maximum. Fast-growing species usually reach their
maximum stand biomass relatively quickly, whereas, although slow-growing
species may require more time, they have a higher maximum. These different
properties of forest tree species theoretically can be exploited to direct
mitigation strength and timing in different ways depending on the anticipated
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mitigation strategy. If the objective is to avoid the implications of the
cumulative effect of increased CO2 and temperature, planting slow-growing
trees yielding long-lasting wood products would help to reduce climate change
impacts. Changing to fast-growing plantations with high product yields and
with high substitution efficiencies can be a tool to store carbon rapidly in the
short term (Dewar and Cannell, 1992).

Species mixtures also affect productivity substantially. Forrester et al
(2004) compared mixed and mono-specific stands of Eucalyptus globulus and
Acacia mearnsii. At the tree level, eucalypt and acacia heights, diameters,
volumes and above ground biomass were higher in mixtures than in
monocultures a few years after planting, indicating that biomass accumulation
in E. globulus plantations can be increased by acacia admixture. However,
competition for resources other than nitrogen, such as light, soil moisture or
other nutrients may balance positive mixing effects, e.g. through increased N
availability (Forrester et al, 2007).
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Figure 3.8 Net responses in productivity to various silvicultural treatments in
short-rotation (<12–15 years) and longer-rotation tree plantations

Source: adapted from Mead, 2005
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In addition, tree species change can have effects on soil carbon through
litter quality (Giardina et al, 2001; Binkley and Menyailo, 2005), nitrogen
fixation (Resh et al, 2002) and also rooting patterns (Johnson, 1992). By
influencing water balance, microclimate and nutrient availability in soils
(Augusto et al, 2002), choice of tree species also indirectly affects soil carbon
stocks.

Tree species also differ in their susceptibility to biotic and abiotic
disturbances. Converting pure stands of coniferous species into mixed stands
with broadleaved trees may therefore reduce carbon losses due to higher stand
stability (Spiecker, 1999; Jandl et al, 2007). Based on a quantitative review of
over 50 comparative studies on insect pests, Jactel et al (2005) demonstrated
that tree species growing in mixed stands overall suffer less pest damage, or
have lower pest populations than pure stands. However, one exception was
evident, whereby polyphagous pest insects build up their populations on a
preferred host tree species initially and then spill over on to associated host tree
species.

Treatment of harvest residues
Besides rotation length and amount of biomass harvested, the treatment of
detritus or harvest residues impacts on forest carbon stocks in managed forests
(Harmon and Marks, 2002; Laiho et al, 2003; Eriksson et al, 2007). The
treatment may comprise various alternatives such as slash-burning, removal
for bioenergy use or decomposition on site. Decomposition leads to a gradual
carbon loss from the ecosystem, sometimes even offsetting the biomass carbon
accumulation rate leading to a negative net balance. This is especially true if
the material inhibits tree regeneration. Alternative treatments like slash-
burning lead to a much faster loss that is probably similar in magnitude over
time. Biomass removal for use as fuelwood or bioenergy causes rapid losses to
the ecosystem but affords opportunities for fossil fuel substitution outside the
forest (Palosuo et al, 2008).

Laiho et al (2003), in keeping with Johnson et al (2002) and Sanchez et
al (2006), found that differences in litter carbon triggered by different logging
residue treatments do contribute mainly to short-term differences in soil
carbon. Tiarks and Ranger (2006) also observed, in a review of 16 sites in
tropical and subtropical regions, that the effects of clear-cutting and
replanting and the effects of slash management on soil C are minor. These
findings contrast with those from other authors who found slash treatments
significantly affected soil C after looking at variables that might indirectly
influence carbon storage in soils in the short and long term. On sites where
the slash is left on the forest floor, soil moisture was found to increase
(O’Connell et al, 2004). After whole-tree harvesting and the removal of
harvest residues from the ecosystem, the supply of nutrients steadily declines
(Rosenberg and Jacobson, 2004; Merino et al, 2005; Gonçalves et al, 2007).
The latter effect clearly has long-term implications for tree growth and
biomass carbon storage. At sites where nutrient stores are naturally low,
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nutrient export through wood harvest can be large (Deleporte et al, 2008). In
the Congo, for example, they found the total tree harvest removed about 22
per cent of soil Ca, retaining slash and debarking on site removed only 8 per
cent of available Ca in the soil.

The treatment of slash material may also have implications for an
ecosystem’s disturbance regime, e.g. by altering susceptibility to fire, a
mitigation option that is discussed in the section below.

Protection from disturbances
Although old forests can achieve significant carbon accumulation rates
(Schulze et al, 2000; Knohl et al, 2003), forest growth declines with stand age
(Ryan et al, 2004). Due to stand-replacing disturbances, many forests even
become sources of CO2 after maturity (Körner, 2003). Given the life
expectancy of trees (commonly 50–300 years) and the non-random mix of age
classes, the proportion of growing forests slowly accumulating carbon in most
forest landscapes is very high (98.0–99.7 per cent of forest land) and those
emitting carbon very low (0.3–2 per cent; Körner, 2003). In these areas, forest
management priorities for climate change mitigation range from sequestration
to conservation through to protection from disturbances.

One option for wildfire hazard abatement is to use prescribed burning to
reduce fuel loads (e.g. Fernandes and Botelho, 2003; Narayan et al, 2007).
Other options for reducing fuel load in plantations include proper tree
maintenance and tree spacing (Saharjo, 1997) as well as the establishment of
fire breaks, that is ploughed strips where vegetation is removed completely
(Franklin, 2001). Fuel management typically reduces biomass in the forest at
stand level. This in return reduces fire probability and intensity, and reduces
total emissions from forest fires. Thus, at landscape level, carbon stocks are
usually increased through fuel management due to successful fire suppression
(Houghton et al, 2000). Forest fire suppression without fuel management may
increase carbon stocks in the short term. However, as recently demonstrated in
North America, these measures do increase the risk of devastating large fire
disturbances with massive carbon release (Volney and Fleming, 2000).

Understanding the interrelationship between landscape forest patterns and
disturbance risks can be important in forest planning for reducing forest fire
risk (Amiro et al, 2001; Hirsch et al, 2001; González, 2006). Similar principles
have been used for a long time in traditional forest management planning to
reduce wind damage in managed forest landscapes (Gardiner and Quine,
2000).

Fate of harvested wood products
Thinning or harvest operations partially replace natural mortality in a forest
ecosystem and result in wood products that contain a given portion of the
carbon originally stored in the biomass. The consideration of wood products
as a carbon pool can resolve the conflict between wood production and carbon
sequestration, which has been often reported (e.g. Fischlin, 1994). Several
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models are available that include carbon storage in forests and wood products,
and which have been widely used to calculate C flows in plantations (e.g.
Karjalainen, 1996; Masera et al, 2003). The carbon stored in harvested wood
destined for use as sawn-wood and wood-based panels, which to a large extent
are used in permanent constructions, is bound in these materials over decades.
Other products, like fuelwood and paper, store carbon for a few years at the
most. The IPCC Third Assessment Report on Mitigation (IPCC, 2001a) lists
four options that influence the effect of carbon stored in wood products:

• the level of production of wood products, which may increase or decrease
the pool size;

• a change in the quality of wood products, which lead to changes in the
average lifetime of products;

• changes in processing efficiency;
• changes in recycling rates and the fate of wood products.

In view of the strong policy incentives, the use of bioenergy from forest
biomass to substitute for energy from fossil fuels will increase further in the
future (UNECE, 2007). Net effects depend on substitution efficiency, i.e. on
how bioenergy is produced, on the type of energy that is substituted and on the
extent of displacement (Schlamadinger and Marland, 1994). The production
of renewable raw materials in managed forests with subsequent reuse, and the
use of residues for energy, is beneficial for climate protection and also
economically attractive (Freibauer et al, submitted). Reusing wood products
for energy is also an argument against the switch from timber production to
energy forestry because, with energy substitution, carbon can be stored in
harvested wood products longer. The fate of harvested wood products is a
particularly important option for plantations, since, although they comprise
less than 5 per cent of the global forest area, they produce more than 40 per
cent of the wood harvested worldwide (FAO, 2005).

Carbon and forest management under climate change

Expected climate change and impact on forests
Climate is an important driver of forest development and ecosystem processes.
Consequently, climate change will have multiple direct and indirect effects on
the forest carbon balance. Climatic conditions have already changed
significantly: global average temperature has increased by 0.8°C since 1900
(Hansen et al, 2006) and the 12 hottest years observed globally since 1880 all
occurred between 1990 and 2005. The recent European heat wave of 2003
was a drastic demonstration of the extent of impacts we can expect more often
in the future (Schär and Jendritzky, 2004; Ciais et al, 2005). Different climate-
related factors are expected to change: the atmospheric CO2 concentration will
increase further to at least twice the pre-industrial concentration of 280ppm,
temperatures will rise unevenly in different world regions with likely changes
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in seasonal and daily amplitudes, precipitation amount and distribution will
affect water regimes, and various disturbance regimes (storm, fire, snow,
insects and diseases) will be either directly or indirectly affected as well.

The expected impacts of the climatic factors on forests include changes in
species-specific growth rates, productivity and mortality, all of which will
affect the competitiveness of individual species and species distributions.
Regional climate change impacts on forests will reveal large differences
ranging from growth enhancement in Northern Europe and other boreal
regions to mainly negative impacts, for example in the Mediterranean region.

Concerns have been raised about the permanence of the current terrestrial
carbon sink in the northern hemisphere (Ciais et al, 1995). A main source of
uncertainty is the response of vegetation and soil carbon to global change
(Friedlingstein et al, 2003). Two critical questions are how the decomposition
of soil organic matter will respond to increasing temperatures and whether the
huge soil carbon pools, especially in high latitudes and peat lands, will decline
(Giardina and Ryan, 2000; Davidson and Janssens, 2006; Kirschbaum, 2006).

Climate change will also increase climate variability and most probably
lead to more frequent and severe extreme weather conditions (IPCC, 2001b,
2007). This will affect both tree growth and mortality directly, which
ultimately will affect the natural disturbance regimes as well.

Consequences for carbon management
Adaptive forest management can utilize species-specific characteristics to
reduce the risks associated with the adverse effects of climate change and to
mobilize potential benefits such as increased production rates. Tree species
differ, for example, in growth rates, drought sensitivity and susceptibility to
disturbances. Forest management involves making choices about species
selection and mixtures, the use of natural or artificial regeneration, the timing
and intensity of thinnings and harvesting, the initiation of prescribed burning,
the application of fertilizers and even irrigation in some intensive plantation
systems. Yet these management decisions again feed back to the carbon budget.
A general overview of links between mitigation and adaptation options is given
in Table 3.1.

Pest and disease control is common practice in managed forests.
Economically important species like Norway spruce in Central Europe have
been grown for centuries outside their natural distribution range. Norway
spruce forests are found in strictly protected forest areas (e.g. Bayerischer Wald
National Park in Bavaria, Germany) where, without the application of pest
control measures, it would be very susceptible to bark beetle damage leading
to large-scale forest dieback. Mountain pine beetle infestation in Canada is a
more recent drastic example of how climate change may severely affect
disturbance regimes and ranges (e.g. at higher elevations; Williams and
Liebhold, 2002). Management interventions may reduce or delay carbon
release through such biotic disturbances, but, in most cases, may be unable to
completely eliminate them.

MANAGING FOREST PLANTATIONS FOR CARBON SEQUESTRATION 61

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 61



As most tree species are long-living, one of the main challenges of forest
management in confronting climate change is to decide when to change species
preferences. As climate conditions are changing gradually, the competitive
relationship between species has also shifted. Yet, in many cases, drastic
change occurs as a result of extreme events (cf. drought in 2003; Ciais et al,
2005) not from gradual increases in temperature. Management needs to decide
whether to put up with anticipated growth declines of current species in the
future, or favour new species expected to be more suited to future conditions.
Choosing new species will always be accompanied by risks because suitable
genotypes are identified by testing, and only this can determine whether local
conditions are suitable for sustaining the growth and reproduction of exotic
species. However, suitable species may already be present in the target region,
allowing for a much more rapid adaptation of management practices.

Agroforestry management systems also represent an opportunity for
synergies between carbon sequestration and adaptation to a changing climate
(Verchot et al, 2007). In addition, agroforestry can help to decrease pressure
on natural forests and promote soil conservation (Nabuurs et al, 2007).

An important challenge for carbon management under changing climate
conditions is the need to cope with uncertainty (e.g. of future regional climate
development) and risks (e.g. storm or fire disturbances). In this context,
management strategies at the district or landscape level are important. This
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Table 3.1 Mitigation and adaptation matrix

Mitigation Vulnerability of the Adaptation Implications of adaptation 
option mitigation option to options for greenhouse gas 

climate change emissions

Afforestation/ Vulnerable to changes in Species mix at No or marginal implications for 
reforestation rainfall, higher temperatures different scales. greenhouse gas emissions;

(increase in forest fires, Fire and pest positive if the effect of 
pests, dieback due to management. perturbations induced by 
drought) Increase species climate change can be reduced.

diversity in May lead to increase in 
plantations. emissions from soils or use of 
Introduction of machinery and fertilizer.
irrigation and 
fertilization.
Soil conservation.

Forest Vulnerable to changes in Pest and fire Marginal implications on 
management in rainfall, higher temperatures management greenhouse gases.
plantations (increase in forest fires, Adjust rotation May lead to increase in 

pests, dieback due to periods. emissions from soils or use of 
drought) Species mix at machinery or fertilizer.

different scales.

Source: Nabuurs et al, 2007
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allows for an increased diversity of species, and the application of alternative
management types and response strategies in different stands. Moreover,
techniques that alter landscape patterns for fire management purposes (also
referred to as fire-smart management) can also reduce the impact of increased
disturbance risks (Hirsch et al, 2001). In general, there is a strong need by local
decision-makers as well as by forest researchers for detailed reliable regional
climate change scenarios and associated uncertainties.

Carbon vs. other goods and services

Important forest goods and services include timber production, biomass for
bioenergy, non-timber forest products, carbon storage, water recharge and
water quality, nature conservation and the protection of biodiversity, soil
protection, amenity values and recreational use. There are obvious trade-offs
between certain ecosystem goods and services. Interestingly, it is not possible
to maximize different carbon management objectives in the one stand. Growth
rates and, consequently, carbon sequestration rates are higher with short-
rotation management because stand growth rates decline in mature forest
stands. In contrast, carbon storage in the forest is highest in unmanaged
forests.

The design of carbon management strategies should consider the trade-offs
between these alternative options. Increasing forest ecosystem carbon stocks
must be evaluated against increasing the sustainable rate of harvest and
transfer of carbon to meet human needs (Nabuurs et al, 2007). The selection
of mitigation strategies should minimize net greenhouse gas emissions
throughout all sectors affected by these activities. For example, stopping all
forest harvesting would increase forest carbon stocks, but would reduce the
amount of timber and fibre available to meet societal needs. Other energy-
intensive materials, such as concrete, aluminium, steel and plastics, would be
required to replace wood products, resulting in higher greenhouse gas
emissions (Gustavsson et al, 2006).

Climate-effective measures therefore need to increase incentives for
management systems that maintain high average C stocks in the long term,
such as long-rotation forestry and conservation, which otherwise are at risk of
being lost given short-term economic considerations and other land pressures.
These measures do not necessarily need to focus on forests. An effective
recycling of wood products, for example, can free land for long-term sustained
C sequestration and additional conservation services (Böttcher, 2008).

When evaluating optional forest management strategies in relation to their
performance in delivering selected goods and services from the list cited above,
it can be seen that some of these are in line with either the objective to increase
carbon storage or carbon sequestration, while others are not correlated at all
(Figure 3.9). The biodiversity value of forests is often inversely related to
management intensity. Unmanaged forests are usually structurally rich and
provide habitat for many different species. In contrast, short-rotation
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monocultures with the highest carbon sequestration rates are structurally
much simpler and have lower value for protecting indigenous biodiversity (see
Chapter 5).

The protective function of forests, for example the protection of
mountainous regions against soil erosion, avalanches or damage to
infrastructure, is best achieved by continuous forest cover, often with high
carbon storage. As already discussed, timber production is more compatible
with carbon sequestration objectives, yet it is possible to achieve considerable
carbon storage in management systems with long rotation periods and selective
cutting directed typically towards the production of high-quality timber.

Groundwater recharge, another important ecosystem service, is neither
supported by high carbon storage nor carbon sequestration because this is
achieved best in open forests with low stocking density and low growth rates.
Amenity values and recreational forest use are missing from Figure 3.9 as they
depend more on infrastructure and the population density in the vicinity of the
forest.

Another important aspect, related to the possible trade-offs between
alternative management options, is the fact that different stakeholder groups
have different views regarding the importance of the range of forest ecosystem
goods and services. Fürstenau et al (2007) showed how the priorities for
different partial management objectives vary among stakeholder groups, and
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Figure 3.9 Trade-off between carbon sequestration/storage and other forest
ecosystem goods and services. Long rotation length favours carbon storage

whereas a short rotation enhances carbon sequestration rates

Note: Timber production often is associated with moderate to high carbon sequestration rates and reduced
carbon storage compared to unmanaged systems. Biodiversity can be high with variable carbon storage, but often
declines in intensive, fast-growing management systems. Water recharge is highest with both low carbon storage
and sequestration rates in open forest areas.
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how this affects the utility of alternative management options as perceived by
the different groups.

To guarantee the supply of goods and services from forests, the segregation
of intensively used productive land and unproductive land for the purpose of
C storage and biodiversity was proposed (Huston and Marland, 2003; West
and Marland, 2003). Figure 3.10 presents a gradual system of change along a
matrix that prioritizes climate-friendly land-use options based on the criteria C
stocks currently existing on land, productivity and accessibility. When
quantitatively scaled to the region of interest (local to global) it could serve as
a tool for land-use planning. Climate-friendly land use would maintain the
existing carbon stocks and productivity of the land.

Plantation carbon management and climate policy

Under the Kyoto Protocol, industrialized countries are committed to reducing
their 1990 greenhouse gas emissions from 2008 to 2012 by roughly 5 per cent
(UNFCCC, 1997) through their activities in land use, land-use change and
forestry (LULUCF), which they nominate. The land-use change from other
land uses to new forests (afforestation) or from forests to other land uses
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Figure 3.10 Matrix guiding land management decisions for effective climate
change mitigation

Note: Black = conservation, grey = forestry, white = agriculture
Source: Böttcher, 2008
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(deforestation), the subject of Article 3.3 of the Kyoto Protocol, and their
carbon emissions and removals must be reported and accounted for in Annex
1 countries. The role of existing managed forests in the terrestrial carbon cycle
was acknowledged by the Conference of the Parties (COP) in the Kyoto
Protocol by introducing Article 3, paragraph 4. This article allows countries to
choose any forest management, cropland management, grazing land
management and revegetation activities to meet their emission reduction
commitment. This option was voluntary for the first commitment period of the
Kyoto Protocol (2008–2012) and chosen by 20 countries of 39 listed in the
Kyoto Protocol Annex 1. However, in the ‘Marrakesh Accords’, the COP
agreed that only fluxes directly induced by human activity would be accounted
for, and natural and indirect human-induced effects excluded. The maximum
contribution of the forest management sink to the commitment was therefore
limited by country-specific caps that were negotiated (Höhne, 2006). The
challenge for the integration of forestry activities with climate policy is to
design a future accounting scheme for forest management that increases
incentives for change towards climate-effective management but, at the same,
time reduces accountable removals to those triggered by recent, not past
practices or disturbances (Böttcher et al, 2008).

Carbon offset markets that allow trading of certificates for emission
reductions or removals exist under both the Kyoto Protocol compliance
scheme and as voluntary programmes. Forestry activities in non-Annex 1
countries are addressed in the Kyoto Protocol Article 12. This article describes
the Clean Development Mechanism (CDM), which permits project-based
activities by Annex 1 countries, which reduce emissions or create additional
removals regarded as emission reduction measures, in non-Annex 1 countries.
In forestry, eligible activities are restricted to afforestation, reforestation and
agroforestry projects.

However, CDM projects in the LULUCF sector face several challenges
that, so far, have inhibited widespread implementation. These include issues of
permanence, additionality and leakage. The non-permanence of carbon stored
by forestry projects, due to the risk of disturbances and later management
change, is addressed by temporary crediting and verification every five years.
The criteria of additionality needs to be fulfilled for CDMs in general, and
excludes plantations established for wood supply or purposes other than
carbon mitigation. Furthermore, leakage (e.g. deforestation stopped within but
increased outside project boundaries) needs to be avoided. These strict rules
for CDM, which led to the introduction of a cap for CDM credits from
LULUCF to avoid a swamping of the market (1 per cent of Annex I 1990
emissions), are far from being achieved. The exclusion of LULUCF CDM from
large emissions trading schemes (ETS), like the EU ETS, also added another
barrier to the implementation of projects.

Forestry projects in the voluntary carbon market have been more
successful. Voluntary offset markets function outside the compliance markets,
and enable companies and individuals to purchase carbon offsets on a
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voluntary basis. Many new labels, standards and greenhouse gas registries in
addition to CDM were launched recently to guarantee the climate-effectiveness
of forestry projects.

A new framework for climate policy that is currently under negotiation will
most likely consider the sinks and sources within LULUCF as well, and hence
influence the management and establishment of plantations in the future.

Conclusions

Plantations provide a multitude of valuable goods and services. Carbon
sequestration is one of these services. Its importance has increased markedly
because forests are seen as a key pillar of greenhouse gas mitigation to combat
climate change. Five strategies for the contribution of the forestry sector have
been identified: (1) increase forest area; (2) increase carbon stock in existing
forests; (3) protect existing stocks; (4) increase carbon stored in products
(yielding also indirect greenhouse gas mitigation through material
substitution); and (5) substitute fossil fuels with bioenergy derived from forest
biomass and wood.

While there is great theoretical potential for plantation forestry to
contribute in options (1) and (2) through afforestation, extending rotations
and refilling depleted soil carbon reservoirs, past degradation and continued
human need for resources from land make it difficult to achieve this potential
in full or in part. Achieving multiple, often incompatible objectives with land
and forest management constitutes a continuous challenge for land-use policy-
makers and forest managers, particularly because it requires a close interaction
with local communities and various community stakeholder groups. The
segregation of different forest functions is likely to gain importance and may
be a possible solution to ensure that all goods and services can be maintained
at the landscape level. Furthermore, increasing the use of long-lasting wood
products and improving recycling rates can reduce the pressure on land
resources and permit management for alternative non-carbon services.

In this chapter, we reviewed a broad range of forest management measures
and strategies that can help strengthen carbon sequestration in the forest-based
sector to mitigate climate change, while still maintaining other ecosystem
services like supplying timber and non-timber products, drinking water and
space for recreation or wildlife.

Carbon sequestration in the forest-based sector is, to a large degree, a non-
permanent strategy. Tree plantations that are established, harvested yet not re-
established do not contribute further to carbon sequestration. The
sequestration phase is finite, lasting for some decades and gained carbon stocks
need to be protected thereafter to keep carbon withdrawn from the
atmosphere. Sequestration therefore always needs to be guarded by
conservation measures to make mitigation strategies effective. Implications for
the overall carbon budget at the stand and landscape levels need to be
considered.
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Climate change itself, with as yet not fully predictable impacts on forest
goods and services – including carbon sequestration – is another challenge,
requiring adaptive, non-static management strategies for our future forests. As
the anticipated impact of climate change will differ strongly between
bioclimatic zones, site conditions and forest types, future management
strategies need to be region- and site-specific.
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4
Planted forests and water

Rodney J. Keenan and Albert I. J. M. Van Dijk

Introduction

This chapter provides an overview of the effects of planted forests on water
resources. Planted forests include both intensively managed forest plantations
and more extensively managed planted forests (sensu FAO, 2004) that have
been established for wood production, water and soil protection, landscape
restoration, biodiversity conservation or other purposes. In most cases, the
general impacts on water resources of different types of planted forests will be
similar, with differences resulting from tree species selection or management
activities.

Global forest cover is in a continuing state of change. Human actions are
resulting in deforestation and forest loss, and forest expansion is occurring due
to afforestation, forest plantation establishment and the abandonment of
agricultural land and natural forest regeneration. The global plantation estate
grew by 42 per cent between 1990 and 2005, to a total of 139.1 million
hectares (Mha), or about 3.5 per cent of total forest cover (FAO, 2005a).
About half of this expansion involved conversion from native forest to
plantation. Most deforestation and conversion from natural to plantation
forest (accounting for about half of total plantation increase) occurred in
humid tropical regions. Conversion of agricultural land to plantation forests
largely occurred in eastern China and southern Europe. However, expansion
also occurred in several other industrialized and industrializing countries
(FAO, 2005a).

Maintaining intact forests, expanding the forest area and restoring forests
on degraded lands have been promoted in many policy discussions because of
their perceived benefits for water quality and, often, water yield. Increased
forest plantations are in many cases being actively supported by governments
for economic development or for land restoration purposes, through the
provision of subsidies or loans, favourable regulation or other supporting
policy mechanisms (Enters and Durst, 2004). Plantation forests can provide
economic, social and environmental benefits (Gerrand et al, 2003) including
watershed protection benefits. The Kyoto Protocol provided for the
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establishment of forest in previously cleared areas as a climate change
mitigation measure and it has been actively promoted for this purpose
(Jackson et al, 2005) as well as for bioenergy measures (Field et al, 2007).
However, due to a range of impediments, relatively few forest-based projects
are incorporated into the Clean Development Mechanism (CDM) of the
Protocol.

While the value of forested, protected areas in providing water quality
benefits has been widely promoted (Dudley and Stolton, 2003), it is also
recognized that global water resources are coming under increasing pressure to
meet the needs of an expanding population, an increasing dependence of
intensive agriculture on irrigation water and increasing demand for hydro-
electric energy generation. Where there has been extensive forest clearing there
is often more water in the landscape and water use by communities or
industries is often based on this increased water availability. Allocation of these
water resources has often been in excess of that available and, consequently,
significant industry and community adjustment is required to match demand
to supply. Increased forest cover can further compound this adjustment process
and, more often than not, the poorest and the environment suffer the greatest
consequences of reduced water availability (Dye and Versfeld, 2007).

In many water-limited regions, increases in irrigated land have helped
sustain a growing population. It is estimated that 90 per cent of the global
consumptive use of extracted water resources is for irrigation (Shiklomanov,
1997) and further agricultural growth is increasingly constrained by water
(e.g. Oki and Kanae, 2006). By 2050, 30–40 per cent more fresh water could
be used by agriculture than is used today (De Fraiture et al, 2007).

Changing climate (most likely as a result of human influence) is also likely
to result in lower average rainfall in some regions, altered seasonality of
rainfall and reductions in water supply through increased evaporation.
Combined with a growing population, this will place increasing demands on
water resources and the need to utilize water resources for food production
more efficiently (Bossio et al, 2009).

Debate over the hydrological benefits or impacts of afforestation has
occurred for some time (Dye and Versfeld, 2007). The weight of scientific
evidence over the last 30 years indicates that large-scale afforestation can
impact on water resources. Increased forest cover results in reduced
streamflow and groundwater inputs, and increased no- or low-flow days,
although this varies considerably between regions and ecosystems and with the
scale and type of reforestation.

Potential impact on water resources has contributed to a wider debate
about the merits of intensive plantation forestry (e.g. Cossalter and Pye-Smith,
2003; Jackson et al, 2005). Some forest industry sectors consider that
plantation forestry is being ‘singled out’ for particular policy attention and this
is more severe when plantation development is conducted directly by the state
or is supported, directly or indirectly, through taxation or other incentives.
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Forests and rainfall

The impact of forests on larger-scale regional or global hydrological cycling
has been a matter of scientific conjecture for some time. Forests affect the
global heat balance through their direct influence on radiation balance, and
afforestation of agricultural land can lead to a lower albedo and greater
absorption of radiant energy, an effect which is most pronounced in snow-
prone areas (Pielke et al, 2006). Changes in atmospheric vapour content after
afforestation or deforestation may influence radiation balance, although this
effect will vary between climate zones and seasons. Greater canopy roughness
can lead to more efficient mixing of the lower atmosphere above forests and
lower absorption of radiant energy than over agricultural land, although these
changes depend on soil water availability. Such effects might result in changes
in regional circulation and weather patterns, including rainfall generation.
Afforestation can affect near-surface temperatures and vapour flux into the
atmosphere through changes in albedo and evapotranspiration (Bruijnzeel,
2004; Van der Molen et al, 2006; Pielke et al, 2006). Large-scale removal of
forest could reduce onshore wind strength, cloud levels and convection
patterns, particularly over islands and coastal areas in the humid tropics,
which may be important for the global redistribution of atmospheric moisture
(Van der Molen et al, 2006) and lead to reduced rainfall (Pielke et al, 2006).

At the continental scale, the relationship between annual precipitation and
distance from the ocean may change after large-scale forest cover changes.
Makarieva et al (2009) argued that a ‘biotic forest pump’ would be able to
maintain constant or even increase inland precipitation, but Meesters et al
(2009) demonstrated that their argument was based on incorrect physics and
was unsustainable. Pitman et al (2004) suggested that reduced surface
roughness following forest and woodland clearing largely explained reduced
rainfall patterns in south-west Western Australia and that rainfall could be
returned to the long-term average through large-scale reforestation in this
region. The scale of such afforestation would need to be of the order of
hundreds of thousands of hectares to achieve such results. Partial afforestation
would create more heterogeneous landscapes, potentially with quite different
outcomes (Pielke et al, 2006).

Flood control and landslides

There has been long-term debate about the role of forests in reducing the
frequency, intensity and impacts of floods. Much of this debate has become
embedded in other political, institutional or policy agendas (Calder and
Aylward, 2006; Van Dijk and Keenan, 2007; Bradshaw et al, 2009) and it is
difficult to separate science from alternative positions relating to maintaining
existing land-use patterns or encouraging land-use change. Most hydrological
investigations of forests and water have focused on the impacts on low flows
and water yield and there has been little comprehensive analysis of the impact
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of land cover change on peak flows. Hewlett (1982) demonstrated that the
presence or absence of forest did not appreciably influence the magnitude of
the largest flow events. Peak flows after medium to high rainfall events may be
reduced after afforestation in smaller catchments (e.g. Bruijnzeel, 2004; Scott
et al, 2005; Waterloo et al, 2007) and localized ‘flash floods’ associated with
short but intensive rainfall events may also be reduced. At larger catchment or
basin scales there is no strong empirical evidence or theoretical argument to
expect a reduction of flooding in large basins (FAO, 2005b).

In a recent international analysis, Bradshaw et al (2007) suggested that
flood frequency is negatively correlated with the amount of remaining natural
forest within countries and positively correlated with natural forest area loss.
Loss of forests may increase or exacerbate the number of flood-related
disasters, negatively impact millions of poor people and inflict trillions of
dollars worth of damage on disadvantaged economies over the coming
decades. Reforestation, therefore, might help to reduce the frequency and
severity of flood-related catastrophes. Laurance (2007) provided strong
support for their position. An alternative analysis showed the frequency of
flood events impacting on people was much more strongly correlated to
population density (Van Dijk et al, 2008). This is not surprising for various
reasons, including the fact that the data used were based on media reporting.
After considering this relationship, there was no residual correlation between
flood impacts and forest cover.

Flooding is a result of the combination of rainfall (usually a high-intensity
event but of varying spatial extent and duration), topography and land use that
combine to determine flows in particular parts of a river system. Conversion of
land to non-forest use can result in reduced soil infiltration as a consequence of
logging, agricultural or urban land use, or road construction and altered
drainage, increased sediment generation and loss of channel capacity and
overbank flows. Therefore, it is difficult, if not impossible, to single out tree
clearance as a cause of flooding, except in controlled, small-scale experiments.
Factors such as soils, geology, catchment and river morphology, and antecedent
conditions (e.g. catchment wetness) affect the generation of floods. Overall,
there appears to be little empirical hydrological evidence or theoretical
argument that the removal of trees is likely to exacerbate severe flooding or that
large-scale afforestation will have major flood mitigation benefits (Van Dijk et
al, 2008). This brings into question the rationale for large-scale afforestation
programmes aimed at achieving such outcomes (Calder, 2007).

Afforestation also appears to have little impact on large, deep-seated
landslides, which usually appear to be triggered by the development of a water
table above the bedrock interface during prolonged periods of high rainfall
(Bruijnzeel, 2004; Sidle et al, 2006). Well-established tree cover may reduce the
risk of shallow landslides, as tree root systems can provide structural strength
to several metres depth. Conversely, however, the presence of trees itself can
lead to log jams in streams and so contribute to local flooding (Sidle et al,
2006). The net outcome of these processes is difficult to predict.
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Water yield

It has been demonstrated through a wide range of scientific investigations that
trees use more water than shallow-rooted forms of vegetation such as crops,
pastures, grasslands or shrublands, and that catchments covered by forests
produce less surface run-off, groundwater recharge and streamflow. This
evidence has been generated at varying scales: at the tree level using sap flow
measurements (Wullschleger et al, 1998; Almeida et al, 2007), at the site level
using water balance or atmospheric water flux studies (e.g. Wilson et al, 2001;
Petheram et al, 2002; Dye and Versfeld, 2007), at the catchment scale using
controlled and paired catchment studies (Waterloo et al, 2007; Buytaert et al,
2007), and through statistical analyses of streamflow data from multiple
catchments (Bosch and Hewlett, 1982; Zhang et al, 2004; Scott et al, 2005;
Van Dijk et al, 2007).

Trees and forests have taller, rougher and denser canopies than other
vegetation types, generally resulting in greater interception losses (evaporation
of rainfall from the canopy; Van Dijk and Bruijnzeel, 2001). Interception losses
are usually smaller for deciduous forests than for needle-leaf forests (typically
ca. 20 per cent vs. 30 per cent of rainfall; e.g. Roberts, 1999), particularly
where most rain falls in winter. Hanging and waxy leaves, such as those of
many eucalypt species, reduce the amount of rain retained in the canopy and
subsequently evaporated.

The impact of afforestation on water resources needs to be evaluated
against a benchmark condition, either the current mix of agricultural land uses
or the natural vegetation that existed before clearing. The latter should take
into account the mix of stand development or successional vegetation stages
that might have existed prior to clearing. The former is most appropriate when
evaluating the consequences of water resource availability for irrigation or
industry and may be more appropriate for landscape restoration projects (Van
Dijk and Keenan, 2007).

The effect of forest cover on run-off and water yield increases with annual
rainfall. In a meta-analysis of catchment studies, Zhang et al (2004) estimated
that absolute reductions in water use due to forest cover averaged about 3
megalitres per hectare in regions with 1500mm per year rainfall and 2
megalitres per hectare when mean annual rainfall was 1000mm. The difference
was negligible in catchments with less than 500mm per year. However, the
proportional reduction in water use as a result of afforestation is higher in
seasonally dry climates, where the deeper roots of trees can provide access to
a greater depth of soil water, and sometimes groundwater (Benyon et al, 2006),
and trees can therefore sustain greater transpiration rates through dry periods
(e.g. Nepstad et al, 1994; Dye and Versfeld, 2007).

Fast-growing species and dense forests generally have greater water use
than slower-growing species or sparse forest (e.g. Hatton et al, 1998).
Differences between tree species in average transpiration and transpiration
patterns over time can arise from differences in biomass allocation (i.e. root,
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leaf or structural growth), root distribution, hydraulic architecture and
stomatal response. Most forest plantation species have been selected for rapid
early growth with annual stem increment peaking at a relatively young age and
this is reflected in water use. Studies in plantation forests (Farley et al, 2005;
Almeida et al, 2007) and native forests after fire or other disturbance (Kuczera,
1987; Vertessy et al, 2001; Giambelluca, 2002) confirm that both leaf area and
water use initially increase quickly and then gradually decrease with age. For
plantations managed for timber production, the impact will depend on the
point in development at which the stand is harvested, whereas forests
established for other purposes may be left to mature and the water use will
potentially decline over time.

Comparative studies in South Africa suggest that eucalypt plantations use
more water than pine plantations (Scott et al, 2005), whereas the reverse has
been observed in Australia (Putuhena and Cordery, 2000). This may well be
related to endemic insect herbivores and other pests that reduce leaf area and
water use in Australia (Cornish and Vertessy, 2001). In a long-term paired
catchment study in southeastern Australia, Bren and Hopmans (2007) showed
that water use by a radiata pine plantation was generally lower than a nearby
native eucalypt forest, except when the plantation was very young and during
very dry years. Timber volume growth is generally more rapid in the radiata
pine plantation and therefore water-use efficiency (in terms of timber
production per unit of water transpired) is likely to be higher in that species.

Scale is an important factor. Development of models to predict the impacts
of afforestation on water yield for larger catchments are often based on
experimental results from smaller, steeper and more homogeneous catchments
(Van Dijk et al, 2007). Larger catchments are likely to have different
topography with larger, flatter and less immediately responsive areas, and a
high variability in vegetation and land use, and in structures to conserve,
collect and store water (e.g. farm bunds, contour tilling, farm dams) or weirs
and other water controlling devices. This calls for caution when predicting the
impact of afforestation on the basis of knowledge from small experimental
studies under controlled, ‘idealized’ conditions. For example, Van Dijk et al
(2007) estimated that reduction in total surface water resources across the
Murray Darling basin due to future plantation expansion would be <0.3 per
cent by 2020, and plantation expansion was not predicted to alter the flow
regime in large catchments, although it may do so in catchments smaller than
2000km2. Previous modelling had predicted much larger impacts, albeit mainly
because forestry expansion scenarios were more extreme.

Soil properties exert an important influence on the water balance of
agricultural catchments, and this introduces further variation. Globally, many
agricultural areas have degraded and exposed soils with reduced infiltration
and soil water-holding capacity, leading to increased surface run-off generation
and erosion (Bruijnzeel, 2004). Lower soil disturbance or compaction in
forests, the presence of a litter layer and often greater porosity under
plantations may lead to higher infiltration and stored soil water. Afforestation
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in such degraded landscapes can lead to an improvement in soil infiltrability
(e.g. Ilstedt et al, 2007) if the soils are sufficiently resilient. Depending on the
catchment topography and geology this can ultimately flow to streams or be
transpired later in the growing season (Bruijnzeel, 2004; Ilstedt et al, 2007).
Where soil hydrological function is recovered, surface run-off generation,
storm water damage and pollutant mobilization may be reduced, and ground-
water recharge may increase if increased infiltration outweighs increased water
use by tree vegetation. This could enhance low flows if the groundwater
response time is such that these volumes are subsequently released during low-
flow periods. Vanclay (2008) also suggests that most plantation establishment
involves actively modifying the soil to reduce run-off (such as contour
ploughing) and improve infiltration, and that these changes may reduce the
effects of afforestation on base or peak flows.

Consequently, the idea that afforestation may ‘make springs and rivers
flow again’ is possible but probably the exception rather than the rule. It has
been demonstrated in selected cases, for example in China (McVicar et al,
2007) and Indonesia (Bruijnzeel, 2004; Scott et al, 2005; Chandler, 2006). In
most other cases, however, low flows will be reduced after afforestation. This
is more likely to be a concern to extractive users than to river ecology because,
for most catchments, tree cover will have existed historically and the river
ecology will have adapted to low flows. Exceptions where afforestation may
cause a hydrological change away from pre-development conditions include
natural grassland systems, e.g. in South Africa (Dye and Versfeld, 2007) and
the high altitude parano grassland in Ecuador (Buytaert et al, 2007).

For agricultural irrigation or domestic water supplies based on river
extraction, concern will typically be over the extension of low-flow periods and
the implications that this has for minimum flow security and river ecosystems.
In water-limited environments, the relative reduction in low flows is usually
greater than in average flows (see Brown et al, 2007; Dye and Versfeld, 2007).
However, it is likely that some bias in the selection of experimental catchments
may confound this interpretation (Van Dijk et al, 2007).

A further distinction needs to be made between the water ‘used’ by trees
vs. the volume that will no longer be available further downstream. In many
large basins in water-limited areas, run-off is generated in the wetter uplands,
stored in large impoundments and then released to users at a considerable
distance downstream (e.g. in India, China, South Africa and Australia).
Considerable amounts of water can evaporate from the river and water
distribution system (including riparian zones, floodplains, weirs, reservoirs and
irrigation supply channels) or leak to groundwater systems that are not
accessible to users. A reduction in the volume of upstream run-off generation
(from afforestation or another cause) will therefore normally translate into a
smaller volume reduction downstream. River flow models are needed to
evaluate these processes. This may reveal some surprises, with some plantation
establishment having little or no impact on downstream water availability (see
Brown et al, 2007; CSIRO, 2008).
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In the catchments of large reservoirs, the overall impact of afforestation
will depend on the capacity to release water to downstream users as and when
desired. This is determined by the overall decrease in inflow volumes over
longer timescales (the actual scale depends on the comparative magnitudes of
storage capacity, inflows and releases). This is particularly true in situations
where most, or all of the resource is allocated and the need for water security
is high (e.g. for water supply to cities and towns and perennial crop growers;
Brown et al, 2007; CSIRO, 2008).

The overall impact on water yield will depend on the extent of the
catchment planted and the spatial configuration of the trees. It is difficult to
reliably detect the effects on run-off if the proportion of the catchment area
reforested is below a certain threshold because rainfall and the hydrological
effect of the catchment surface, soil profile and vegetation vary across
catchments. The threshold is typically 15–20 per cent of area planted in
smaller catchments, but it is lower in larger catchments (Bosch and Hewlett,
1982; Stednick, 1996; Zhang et al, 2006; but see Trimble et al, 1987). These
are statistical findings that are presumably related to remaining unexplained
variation and noise in the data rather than representing a real threshold. Still,
they suggest that the impact from limited increases in a plantation estate at a
larger catchment scale is small (see Van Dijk et al, 2007).The proportion of
afforestation that will cause a measurable change in a larger catchment also
depends on the extent of variation in rainfall and run-off over the area.

Managing impacts on water yield

Given the social and political concerns about reduced water yield associated
with plantation and planted forest development, a range of options have been
put forward to mitigate the impacts of afforestation on water yield. Soils tend
to get deeper and accumulate more surface run-off, soil water and ground-
water in lower sections of catchments. Vertessy et al (2003) suggested that,
because of this, planting trees on upper slopes will potentially have much less
impact on streamflow than planting the same area on lower slopes, at least in
water-limited environments, although partial clearing experiments have not
found any evidence for similar differences in the (more humid) Eastern USA
(Hornbeck et al, 1993). Zoning of plantations away from streams and
drainage lines is already commonplace in many countries (though usually for
other reasons) and, depending on the alternative riparian vegetation, this may
reduce the overall impact of trees on water resources. The same rationale has
led to encouraging the removal of invasive riparian vegetation in the semi-arid
south-western USA (Newman et al, 2006). Vanclay (2008) proposed designing
the plantation canopy to maximize decoupling by managing canopy roughness
and air turbulence induced by abrupt plantation edges and fire beaks. He
suggested that mixed-species plantings may have a canopy structure that is less
coupled to the atmosphere, leading to reduced transpiration (see also Forrester,
2007).
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Water quality

Afforestation and catchment management has long been promoted to reduce
soil erosion, nutrient and sediment input to streams. Surface run-off is a major
driver of soil erosion and river pollution, although river incision, mass wasting
of hillsides or river banks and other forms of disturbance (such as fire) can
result in large earth movement and volumes of sediment to streams and
reservoirs (Bruijnzeel, 2004; Sidle et al, 2006). Afforestation can reduce surface
run-off and soil erosion. Tree cover alone affords some protection by reducing
the direct impact of rainfall, but maximum erosion protection is provided with
the development of a litter layer, understorey growth and the surface roughness
provided by tree roots. The application of fertilizers, and potential nutrient
contribution to streams are considerably lower in plantation systems than in
other forms of agricultural land use (e.g. May et al, 2009). Some forms of
plantation management may result in higher nutrient input to streams during
the harvesting phase (Nykvist et al, 1994; Malmer, 1996; Mackensen et al,
2003). Belts of trees can act as ‘filter strips’, intercepting and transpiring surface
run-off and nutrients before they reach the stream (Ellis et al, 2006).

On the other hand, damage to the soils and drainage network during
plantation establishment, harvesting and poor road network design can
mobilize large volumes of sediment and offset the positive effects of greater soil
protection and reduced surface run-off (Bruijnzeel, 2004; Waterloo et al,
2007).

Salinity is a major problem in many seasonally dry or semi-arid areas,
particularly in geologically older landscapes on all continents where salts have
had a long time to accumulate and the rainfall has not been high enough to
flush these from the soil profile. Afforestation can minimize inputs of salt that
negatively impact on water quality, soil properties and land suitability for
agriculture. This occurs in two ways:

1 Dryland salinity often occurs after the clearing of woody vegetation;
recharge is increased and the water table rises in lower parts of the
landscape. Where salts are present deeper in the soil profile, these are
mobilized and deposited close to the soil surface. The decreased run-off
and streamflow associated with afforestation, discussed above, can lower
the water table and reduce the extent of dryland salinity.

2 Salts can also be mobilized directly into streams with increased run-off
after deforestation. Conversely, afforestation can lead to a reduction in
stream salinity if it reduces inflows of more saline water (see Van Dijk and
Keenan, 2007).

Salt or pollutant concentrations are often more of a problem for water users
and stream health than total load. In this case, the interaction between reduced
pollutant generation and reduced streamflow is important. Salinity
concentrations in larger river systems can vary over time as salt load changes
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due to changes in the relative contributions of surface run-off and total
streamflows. A whole-of-system analysis is necessary to evaluate outcomes
further downstream, accounting for spatial and temporal patterns in run-off
and pollutant generation, water losses from the system and any pollutant decay
or deposition. In most regions, salts are located in specific parts of the landscape
and the contribution of different catchments to stream salinity will vary widely.
It is important to undertake effective survey and planning to locate afforestation
for salinity mitigation in those parts of the landscape where the salt is being
mobilized. Planting in catchments that contribute water with low salt
concentrations could result in an increase in salt concentrations in major
streams (Baker and Barson, 2006; Van Dijk et al, 2007). Thus, there are often
trade-offs between decreasing water yield and increasing water quality
associated with planted forest in catchments (see also McVicar et al, 2007).

Scenario and assessment tools

Given the challenges of direct observation of the impacts of planted forests on
water yield or quality, and the long timescale between afforestation actions and
catchment responses, a variety of analytical tools have been developed to
assess the potential impact of afforestation on water. Models currently used to
assess the impact of conversion of agricultural land to plantations are typically
either directly derived from catchment data or from process simulation
models.

Models derived from catchment data are generally based on statistical
regression equations or simple concepts that explain part of the observed
differences in long-term streamflow from forested and non-forested
catchments (e.g. Bosch and Hewlett, 1982; Zhang et al, 2004). These have
been integrated into more sophisticated decision support tools to analyse the
potential impacts of afforestation on water properties in different parts of the
world (McVicar et al, 2007; Van Dijk et al, 2007). While statistically robust,
the predictive power of these models for specific applications is limited.
Relationships commonly used do not account for differences in species,
stocking, plantation age, other management factors (see Chapter 5) or the
variety of conditions that might be found within catchments. One obstacle is
the large amount of data required to derive a statistically significant
relationship due to the often stronger variation caused by (unknown) climate
and terrain factors, and sampling or other errors.

Mechanistic approaches (Chappell et al, 2007) may be more promising.
These can account for differences in soil properties, rooting depth and
vegetation characteristics (e.g. leaf area or surface conductance), and some
include dynamic growth models that can simulate the effect of stocking
density, soil fertility and management regime (e.g. Gallant et al, 2005). While
useful for sensitivity studies, the accuracy and reliability of these models is also
constrained by data availability, particularly for soil properties (see  Scott et al,
2005; Ilstedt et al, 2007).
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Payments for watershed services from planted forests

As indicated at the beginning of this chapter, there has been considerable
debate in recent years regarding the merits of supporting afforestation
programmes and the development of planted forests for catchment protection
and watershed benefits. While the generally perceived view was that ‘any tree,
anywhere’ is automatically a good thing for erosion protection and soil and
water benefits, this notion is increasingly coming under question (Alexander
and Campbell, 2003). Concerns probably arose first with the large-scale
afforestation of natural grasslands in South Africa (Dye and Versfeld, 2007),
but this has grown to a more widespread concern about the impacts of
afforestation in regions where water resources are limited (Calder, 2007).
Policy-makers are now often faced with a dilemma over whether to actively
support forest regeneration and restoration programmes or not. Caps on the
extent of catchments that can be afforested have been implemented in some
jurisdictions (South Africa, South Australia) and are being considered at the
national level in Australia. In other places, such as China and Central America,
policies are actively supporting the establishment of planted forests for
perceived hydrological benefits (Calder, 2007).

Various approaches can create greater public and land manager awareness
of unpriced environmental assets resulting in behaviour changes leading to
improved environmental outcomes (Pannell, 2008). Mechanisms for managing
the hydrological impacts and benefits of afforestation, landscape restoration or
catchment management programmes can include education or incentive
arrangements in addition to these types of regulatory arrangements. Often a
combination of all three is required to fully achieve policy objectives. Where
regulation is applied, traditional ownership rights are changed through
government action, and there is often a demand for compensation from
existing owners and the costs of implementing this approach can outweigh the
benefits (Aretino et al, 2001). Increasingly, governments are looking toward
incentive programmes and market-based payment arrangements to encourage
changes in behaviour and provide for efficient allocation of public funds, or to
discriminate effectively between public and private benefits of forest
restoration programmes and set up arrangements where the beneficiaries of the
services provided by forests pay for their establishment and management (see
Chapter 2). Economic incentives can consist of taxes, liability for damages,
subsidies for ‘better behaviour’ or contracts for the purchase of improved
environmental outcomes (Shortle and Horan, 2008). There are three potential
sources of capital for investment in contracts: government, voluntary private
sources and regulated private investment (Binning et al, 2002).

The most common type of market-based trading arrangements for
environmental services or pollution control involve setting limits on the total
amount of activity and issuing tradable permits such as for carbon dioxide
emissions trading. These provide a basis for industry participants to determine
the cheapest abatement options. These can be applied most effectively where
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there are relatively few known yet sufficient sources of emissions to form an
effective market (US EPA, 2001).

Services provided by planted forests can be considered more in the class of
‘non-point pollution control problem’ (Shortle and Horan, 2008). Non-point
sources of pollution, such as leaching and run-off of nutrients or chemicals
from farm fields or urban streets do not have these characteristics. They are
often unobservable, difficult or impossible to measure directly and the output
cannot generally be ascribed to individuals or firms. These are most often
controlled through regulation or education programmes. Measurement,
enforcement and control costs for these types of pollution sources are costly.
The most efficient approach economically is to focus control efforts on
ambient pollution concentrations and the overall abatement costs of different
measures. However, many agents that cause little or no problem might be
subject to regulation. Options for reducing these types of transaction costs
include (1) creating incentives for accurate self-reporting, (2) restricting
incentive payments to activities that are easy to observe and highly correlated
with ambient impacts or (3) shifting from monitoring many inputs from
individual sources to a more easily observed alternative.

Perhaps the most celebrated case of watershed benefits of forest restoration
was the decision by the City of New York to invest about US$1 billion in land
protection and conservation practices to avoid spending US$4–6 billion on
filtration and treatment plants (Perrot Maitre and Davis, 2001). Much of the
effort focused on improving the management of existing forest and changing
agricultural land-use practices, but there was some support provided for
afforestation. Other examples of payment arrangements for forest watershed
services include (Perrot Maitre and Davis, 2001):

1 In Costa Rica, a utility company pays into a fund that pays private
upstream landholders to increase forest cover to provide regularity of
water flow for hydroelectricity generation.

2 In the Cauca Valley, Colombia, associations of irrigators pay additional
fees to a regional agency for land and forest activities to obtain a sufficient
supply of water for crops.

3 In New South Wales, Australia, a farmers’ cooperative buys ‘transpiration
credits’ from the state forest management agency. The agency earns credits
by reforesting upstream lands – a process expected to result in a reduction
of water salinity downstream.

Ensuring purchasers get what they pay for is basic to any financial transaction.
The scientific principles and tools described above can be used to develop
improved understanding of cause and effect relationships between land cover
and water quality or yield benefits and to measure how these elements change
over time. The key challenges in relation to market-based approaches to
watershed benefits are:
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• Developing payment systems that address the often long timeframe
between action and consequence in relation to watershed benefits. It may
take at least a decade for any hydrological impact of afforestation to
express itself. In regions with old geological structures and large regional
flow systems these benefits may take hundreds of years to realize.

• Developing payment systems that address trade-offs with the production of
other goods, benefits or services. The interaction between water quality and
water yield is a particular problem for watershed managers. Intact forests
may provide the best water quality but lower potential water yield.
Interactions with the production of agricultural goods, timber and other
services such as carbon sequestration or biodiversity conservation are also
important (see Chapter 5). While there may be some ‘win–win’
combinations, there will often be trade-offs between different
environmental services.

• Addressing the uncertainty associated with the outcome of land-use or
land-cover change. This uncertainty can be due to: the lack of basic
catchment data (such as geology, soils or climate); limited scientific
understanding of the processes operating in a catchment or the effects of
the land-use change; changes in future climate; variation in disturbance
regimes such as fire, insect pests or diseases that have unintended
hydrological consequences; or unforeseen changes in patterns of human
settlement or land use in catchments over time that impact on the
hydrological conditions in the catchment.

Conclusions

Understanding of the interactions between planted forests and water has
improved considerably over the last 20–30 years. It is now clear that trees tend
to use more water than shallow-rooted forms of vegetation such as crops,
pastures, grasslands or shrublands and that catchments covered by forests
produce less surface run-off, groundwater recharge and streamflow. Absolute
impacts on streamflow are greatest in high rainfall (>1500mm per annum)
catchments but the proportional reduction is higher in lower rainfall
(500–700mm per annum) catchments. Afforestation often results in an
increase in the number of low-flow or no-flow days. However, the spatial scale
is important: except in smaller catchments (say <100ha), it is difficult to detect
the impact of afforestation on hydrology if less than 20 per cent of the
catchment is planted (Zhang et al, 2006). There are some differences between
species in these effects, and impacts can be mitigated through plantation
management activities such as belt and strip plantings, thinning and managing
rotation lengths. However, in catchments with soils degraded by agricultural
or other activities, afforestation may increase infiltration, water storage and
streamflow.

The impact of afforestation and development of planted forests on
minimizing the impact of flooding is likely to be limited to smaller catchments.
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Planted forests may reduce the frequency of shallow earth movements and
landslides but are not likely to impact on larger-scale debris flows and earth
movement, which are primarily a result of the combination of extreme rainfall
and catchment hydrology.

Assessing the impacts of planted forests on water yield and availability will
depend on the nature of the catchments, impoundment and water management
systems and losses due to evaporation and other impacts. Simplistic
calculations based on forest evapotranspiration may give a misleading picture
of the impacts of plantations on water availability downstream. More
sophisticated decision support tools integrating a process-based understanding
of forest physiology, geological and hydrological processes and climatic
variables can provide more realistic assessments of the potential impact of
planted forests on water.

Policy mechanisms to provide for better management of water and planted
forests can include regulation, education and market-based incentive payment
schemes. These arrangements will need to consider the long timeframes
between actions and impacts, interactions with the production and payment of
other goods and services such as food, timber, carbon and biodiversity
conservation and the uncertainties in predicting the hydrological consequences
of planted forest establishment.
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5
Silvicultural options to enhance

and use forest plantation
biodiversity

Jürgen Bauhus and Joachim Schmerbeck

Introduction

While the total forest area of the world still declines, the area of tree
plantations is growing rapidly (Chapter 1). Although plantations occupy only
4 per cent of the global forest area (FAO, 2005) they dominate the landscape
in some parts of the world (Sedjo, 1999). Most forest plantations are primarily
established for the efficient production of wood products such as timber, pulp
and charcoal, At the same time, plantations increasingly supply other services
as well (Cossalter and Pye-Smith, 2003). Plantations can also be established to
serve other aims like carbon sequestration, erosion control, water regulation
and biodiversity conservation (Chapters 3 and 4; Norton, 1998; Scott et al,
2005; Byrne and Milne, 2006). The provision of these ecosystem services
through plantations has also been integrated in community forest programmes
that aim to reduce the pressure on natural forests (e.g. Seeland, 1999; Klooster
and Masera, 2000). As the area in natural forests declines, ecosystem goods
and services supplied by plantations become more and more important as a
substitute for services of natural forests. The provision of habitat for plants
and animals through plantations or tree cultivation in agroforestry systems is
one important service that has received increasing attention (Schroth and da
Mota, 2004; Carnus et al, 2006), particularly in areas where native forests
have become rare (e.g. Berndt et al, 2008).

The provision of ecosystem goods and services, such as habitat, is linked
to ecosystem functioning (Chapter 2). Ecosystem functioning has been
described as the ‘capacity of natural processes and components to provide
goods and services that satisfy human needs, directly or indirectly’ (de Groot,
1992). Ecosystem functioning depends to a large extent on the stability and
complexity of its structures, composition and processes (Noss, 1990; Naeem et
al, 2002). The continuing loss of biodiversity has prompted concerns that the

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 96



functioning of ecosystems may become impaired and thus compromise the
services humans derive from ecosystems (Daily 1997; MEA, 2005b). In the
past, there has been much research on the effects of environmental changes or
management of natural resources on biodiversity (e.g. Bawa and Seidler,
1998). Now, the emphasis of biodiversity research has shifted towards the
functional role of biodiversity, the biodiversity effects on ecosystem
functioning (Hillebrand and Matthiesen, 2009). This new ecological
framework stresses the active role of the biota and its diversity on the
functioning of ecosystems and subsequent effects on the provisioning of
ecosystem services (Chapin et al, 2000; Naeem, 2002; Hillebrand and
Matthiesen, 2009). In other words, ‘the diversity of life determines the manner
in which life alters the environment, much as if diversity were a catalyst to life’s
biogeochemical activities’ (Naeem, 2002). With regard to plantation forests,
the role of tree species diversity for the functioning of forest ecosystems has
been increasingly recognized (Scherer-Lorenzen et al, 2005). Thus in addition
to reviewing the role of plantations as harbours of biodiversity in the second
part of this chapter, we will first explore the role of biodiversity in plantations
for the provisioning of other ecosystem goods and services such as the
provision of non-timber forest products, the maintenance of nutrient cycling,
carbon sequestration, etc. The importance of biodiversity for ecosystem
functioning, for example the increase in productivity observed in many tree
species mixtures (e.g. Forrester et al, 2006; Kelty, 2006), may be a stronger
incentive for plantation owners to maintain or increase biodiversity than the
provisioning of habitat. In addition, understanding the role of diversity in
plantations may help to optimize their design to meet ecosystem functions and
thus ecosystem services.

Forest plantations are commonly very simple ecosystems in terms of their
compositional and structural diversity and are subject to intensive
management interventions. Most plantations have been established with the
explicit goal of efficient wood production through intensive silviculture, and
certain non-timber ecosystem goods and services were basically a by-product
of that management. A shift in focus on other non-timber goods and services
from plantations is likely to also require changes in the silvicultural approaches
used to achieve these broader objectives.

Therefore we ask in this chapter: (1) how is the functioning of plantation
ecosystems and the related provisioning of ecosystem goods and services
related to diversity within plantations, and (2) how can plantations be
silviculturally managed to provide certain levels of biodiversity and to
maintain related ecosystem functioning? Following a brief definition of
biodiversity and an overview of the biodiversity benefits that may be derived
from plantations, we will explore in the first part of the chapter the role of
biodiversity, here mostly in terms of tree species diversity, to maintain or
enhance the production, regulation and habitat functions of the ecosystem. In
the second part of the chapter, we review the literature on the effects of
different silvicultural interventions on the diversity of flora and fauna in
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plantation landscapes and provide recommendations for how plantation
management may be changed to accommodate more biodiversity.

Biodiversity and the role of plantations

Today, biodiversity is mostly seen ‘as the variability among living organisms
from all sources including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part; this includes
diversity within species, between species and of ecosystems’, or, in short, the
‘variety of life on Earth and the natural patterns it forms’ (United Nations,
1992). It is widely agreed that biodiversity within and between ecosystems is
essential for the provision of many ecosystem goods and services (Daily,
1997; Bawa and Seidler, 1998; Fearnside, 1999; Aretino et al, 2001; Loreau
et al, 2002; Scherr et al, 2004; MEA, 2005a; Brown et al, 2006 and many
others).

Biodiversity is not just a value in itself; it is of direct and indirect benefit to
humanity. The benefits resulting to society from biodiversity can be
summarized in the following way (Scherr et al, 2004):

• providing habitat conditions that support diverse wild plant, animal and
micro-organism populations of economic, subsistence or cultural value;

• maintaining ecosystem functioning;
• conserving genetic and chemical information of potential future utility;
• providing insurance against future stresses and disturbances;
• providing spiritual, aesthetic and cultural values;
• ensuring the continued existence of wild organisms as legitimate claimants

on the Earth’s resources.

Most of these biodiversity functions apply to forests (Chapter 2; Carnus et al,
2006). Consequently the value of forest plantations in sustaining and
enhancing biodiversity comprises the provisioning of habitat or habitat
components, corridor functions and connectivity, buffering of native
ecosystems and reducing the pressure on native forests for the extraction of
goods.

Biodiversity within plantations will influence the degree of ecosystem
functioning and related provision of ecosystem goods and services from
plantations. It must be kept in mind, however, that most plantations have been
established with the explicit goal of efficient wood production through
intensive silviculture. This is gradually changing now, as the role of production
ecosystems for the maintenance of sustainable landscapes and the provision of
ecosystem services has been brought to public attention (MEA, 2005b). In
addition, production systems requiring high external inputs may have to adapt
to become more energy efficient and thus rely more on natural processes (e.g.
Kirschenmann, 2007).

Moore and Allen (1999) have therefore posed the question of what
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biodiversity in these plantations actually comprises and what level of diversity
managers should aim to maintain or restore. They argue that it is unreasonable
to manage for ‘biodiversity’, when it is not clear to what extent stand and
landscape manipulations may benefit some species or hinder others. This
argument may be extended to the desired benefits through provision of
ecosystem goods and services. Moore and Allen (1999) suggest that the goal of
plantation management should be to ensure that the biodiversity, which
enhances or does not substantially reduce plantation productivity, be
maintained at the stand level and undesired off-site effects be minimized. The
latter aspect points to the landscape perspective in which the question of
plantation management must be viewed.

The role of plantation diversity on ecosystem functioning

The ecosystem functions and services of forest plantations are practically the same
as those obtained from native forests. However, owing to differences in structure
and composition, they may be provided to different degrees (Chapters 2, 3 and 4).
Plantation forests are largely even-aged stands and thus are characterized by a
simple structure. They contain trees of similar age, size and conditions. Tree
density is managed to maximize profits, which results in fully or optimally stocked
stands in which the crop trees dominate the site. Spatial variability is commonly
kept at a minimum to facilitate efficient planning and management, especially in
areas where management relies on the use of large machinery. In addition, forest
harvesting or other silvicultural interventions do not produce the type of stand
structures characteristic of natural ecosystem dynamics (Bauhus et al, 2009).
Under these conditions, most variation in stand structure results from differences
in stand density and species composition. The effects of stand density are
discussed further below under silvicultural interventions, which are the main
determinant of stand density. Here, we will focus on the effects of compositional
(species) diversity on ecosystem functions and services, including the production,
regulating and habitat functions (see Chapter 2).

Today there seems to be a consensus that biodiversity is an important
determinant of ecosystem functioning and related ecosystem services (Loreau
et al, 2002; MEA, 2005a; Scherer-Lorenzen et al, 2005). This insight is the
result of many experiments, observational studies, theoretical models and
recent meta-analyses (e.g. Balvanera et al, 2006; Piotto, 2008). However, the
generality of the conclusion is based largely on studies of communities of
short-lived or fast-growing organisms rather than on studies of long-lived
forests. Among other insights from this research, two findings about
biodiversity and ecosystem functioning emerged, which are central to the
discussion of ecosystem services from plantation forests (Loreau et al, 2002;
Hooper et al, 2005; Baumgärtner, 2007):

1 In many situations, ecosystem productivity increases with the level of
biodiversity.
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2 Biodiversity may enhance ecosystem stability. An increase in the level of
biodiversity decreases the temporal variability of the level at which
ecosystem services are provided under changing environmental conditions.

The magnitude of both of the above effects declines with the level of
biodiversity, so that these functions are tapering off. These two important
questions will be dealt with below, when we review the evidence for the
relationships between tree species diversity and plantation productivity and
resiliency.

The diversity–ecosystem functioning relationships comprise a number of
mechanisms, of which the most important with regard to plantation forests are
niche complementarity and ecological insurance against stress and
disturbances. Niche complementarity leads to greater efficiency of local
resource exploitation through more diverse communities, in which a mixture
of different growth forms of plants can fill the available limited space to a
greater extent and thus is able to exploit the available resources better than a
monoculture under the same site conditions (Loreau and Hector, 2001;
Naeem, 2002). Complementarity exists when different species use different
resources, or the same resources but at different times or different points in
space, for example different soil layers. In this case, interspecific competition
in the mixture is less than intraspecific competition in the monocultures. The
concept of niche complementarity also comprises facilitation, the positive
interactions among species, where certain species improve environmental
conditions for others or supply a critical resource such as nitrogen through
fixation. Both of these mechanisms, complementarity and facilitation, often
lead to an ‘overyielding effect’, in which biomass production in species
mixtures exceeds the productivity expected on the basis of the yields of the
contributing species when grown in monoculture (Ewel, 1986; Loreau et al,
2002; Naeem, 2002; Vandermeer, 1989). However, this applies only when
mixed plant communities are growing under the same environmental/site
conditions as the monocultures used for comparison. In natural plant
communities growing across a range of site conditions, reverse relationships
between diversity and productivity may be observed (Naeem, 2002).

The ecological insurance concept postulates that more diverse
communities are more likely to cope with new conditions when subject to
unpredictable stress or disturbance (Yachi and Loreau, 1999). With an
increasing number of functionally different species, the probability increases
that some of these species can respond in a differentiated manner to the
external perturbations or changing environmental conditions. In addition, the
probability increases that one species can take over the role of another,
redundant species that does not survive the disturbance or new conditions
(Walker et al, 1999; Yachi and Loreau, 1999). Following this logic, processes
that are carried out by a small number of species are likely to be more sensitive
to changes in diversity than those that are carried out by a large number of
species.
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However, the exact response of ecosystem services to changes in
biodiversity through addition to or removal of a species from the ecosystem is
not just determined by species richness itself but at least as much by the
functional traits of these species (e.g. Tilman et al, 1997). In addition, the
patterns of response to different levels of species richness vary for different
ecosystem processes and services and between different ecosystems. In most
situations, only productivity – which is, however, related to many other
ecosystem services – has been investigated.

For terrestrial ecosystems, most of this knowledge has been created
through experimentation in fast-growing model systems such as grasslands
(e.g. Tilman et al, 1997; Spehn et al, 2005). While there may be a wide
empirical knowledge base for the management of mixed-species forests, there
is relatively little quantitative information on the effects of diversity on forest
ecosystem functioning (Scherer-Lorenzen et al, 2005). In addition, how the
effects of diversity may be used to enhance ecosystem functioning in plantation
forests has not been reviewed. In the following, we will therefore discuss how
the diversity of tree species, mostly expressed as species richness, affects the
provision of a range of ecosystem functions. The focus is on tree species
richness, since this is the aspect of diversity which is most strongly influenced
through management, and because trees are the shaping elements of forest
ecosystems and therefore also influence diversity at other scales and trophic
levels. We will discuss in particular the influence of tree species diversity on the
production, regulation and habitat functions of forest plantations.

Tree diversity effects on ecosystem productivity
The production functions (or provisioning services) comprise the processes
that combine and change organic and inorganic substances through primary
and secondary production into goods that can be directly used by mankind
(Chapter 2; de Groot et al, 2002). In the context of forest plantations, these
are primarily the production of woody biomass, commonly of defined
qualities, and the production of non-timber goods such as herbs, mushrooms,
huntable animals, etc. Whereas the availability of information considering the
effects of tree species diversity on production of woody biomass is reasonable
(but see Scherer-Lorenzen et al, 2005), the information about non-wood
products is scant. Here, we will initially focus on the effect of tree diversity on
the production function, because it relates to many of the regulating functions
such as carbon, nutrient and water cycling, and because the productive
capacity of plantations is the principle motivation for their establishment in
most situations (see Chapter 1). Where plantations are not established
primarily for the production of woody biomass but for other purposes such as
the conservation or restoration of soils, the achievement of these aims will also
be influenced by the basic ecosystem functions listed above.

The information about diversity effects on forest ecosystem productivity
comes mostly from the analyses of large-scale permanent forest inventory plots
representing gradients in tree species richness (Caspersen and Pacala, 2001)
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and from controlled experiments or forest yield plots comparing monocultures
and tree species mixtures, mostly, however, two-species mixtures (e.g. Pretzsch,
2005; Forrester et al, 2006; Piotto, 2008). Whereas the first source of data
stems mostly from all forms of forests (native, semi-natural and plantations),
the latter stems mostly from plantations or semi-natural forests.

So far, there have been only a few studies utilizing an inventory-based
analysis of the relationships between tree species diversity and productivity. In
two of these studies (Caspersen and Pacala, 2001; Vilà et al, 2007) positive
relationships between diversity and productivity have been observed for North
American forests and in typical early successional Mediterranean-type forests
of Catalonia, Spain, respectively. In the study by Caspersen and Pacala (2001)
it was not possible to untangle the confounding effects of site quality on
productivity and diversity. Here, cause and effect may actually be reversed,
namely that more productive stands simply permit the coexistence of more
species. However, Vilà et al (2007) could demonstrate that the positive
relationship between tree species diversity and forest productivity was
maintained when considering the effects of forest structure, environmental
variables and management practices.

In another study by Vilà et al (2003), no effect of species richness was
observed in Pinus sylvestris-dominated forests, but a positive effect was
detected in P. halepensis stands of Catalonia. In the latter case, however, tree
species richness was no longer a significant factor, when the climate, bedrock
types, radiation and successional stage of inventory plots were included in the
analysis. The latter study points to the problem of these analyses: the large
number of co-variables that may influence the relationship between diversity
and productivity (or other function), and the difficulty of accounting for these
in a statistically sound way. In addition, forest inventory plots are usually not
selected to represent a diversity gradient, and thus most inventory plots are
located at the lower end of tree species diversity (Vilà et al, 2007).
Furthermore, these types of analyses are not suited to explaining the
underlying mechanisms of any diversity–ecosystem function relationship.

In terms of a second source of information about diversity effects on forest
ecosystem productivity, most experiments with mixed-species stands also cover
only the low end of tree species diversity. They are, however, in contrast to
inventory-based analysis, well suited to exploring the underlying mechanisms.
Positive effects of tree diversity on productivity occur through competitive
reduction, also described as complementarity above, and facilitation
(Vandermeer, 1989; Kelty and Cameron, 1995). Productivity in mixtures will
out-yield monocultures, when the positive interactions of facilitation and
competitive reduction dominate the competitive interactions. Bauhus et al
(2006) and Piotto (2008) have shown that in most reported cases, where a
statistically valid comparison between mixed- and single-species stands could
be made, the productivity was equal or greater in mixed stands, in particular,
if nitrogen-fixing species were admixed (see also Forrester et al, 2006) (Figure
5.1). However, it has to be kept in mind that cases where mixtures are inferior
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in productivity to monocultures of the respective companion species, are
probably less likely to be reported in the literature.

The most important mechanisms that lead to increased productivity in tree
mixtures comprised the following processes and patterns.

Canopy stratification
Successful (meaning more productive than respective monocultures) mixed-
species plantations often have stratified canopies with a fast-growing shade-
intolerant species forming the upper canopy and a more shade-tolerant species
forming the lower canopy (Assmann, 1970; Bauhus et al, 2004; Pretzsch,
2005). Shade-intolerant species are capable of higher maximum rates of
photosynthesis than more shade-tolerant species. Therefore more efficient use
will be made of the higher light intensities in the upper canopy of a mixture
than in the upper canopy of a more shade-tolerant species in monoculture. In
contrast, shade-tolerant species are capable of maintaining foliage and
assimilating at higher rates than shade-intolerant species at lower light
intensities (Kelty, 1992). When grown in mixed stands with shade-intolerant
species, shade-tolerant species increase the amount of light intercepted
compared to monocultures of the shade-intolerant species (e.g. Binkley, 1992;
Bauhus et al, 2004). When shade-intolerant species do not form the main
canopy, productivity in mixtures may not be higher in mixtures than in
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Figure 5.1 Frequency of relative yield totals of mixed-species plantations
reported in the literature

Note: The relative yield total (RYT), provides the factor by which the productivity in a mixture is superior or inferior
when compared to a monoculture; e.g. an RYT of 1.4 indicates that 1.4ha of monocultures (0.7ha of each species)
would have to be planted to obtain the same yield as in 1ha of a 50:50 mix of the same species.
Source: after Bauhus et al, 2006
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monocultures (Parrotta, 1999; Redondo-Brenes and Montagnini, 2006).
Canopy stratification alone is not the only factor responsible for the success or
failure of these mixed stands, but it is a key factor to ensure the long-term
coexistence of species (Forrester et al, 2006). Stratified canopies also offer
different habitat niches with consequent effects on dependent faunistic
diversity (see below).

Below ground stratification
Competition may be reduced also below ground through physical or chemical
stratification of roots. Physical stratification comprises differences in fine-root
distribution that affect exploitation strategies. This can be in the form of the
layering of root systems (e.g. Schmid and Kazda, 2002) or different fine-root
architectures that can be associated with different soil exploration and
exploitation strategies (e.g. Bauhus and Messier, 1999). Chemical stratification
may occur when co-occurring species take up different forms of nutrients, for
example ammonium vs. nitrate or organic N, or employ different acquisition
strategies for nutrient uptake through different types of mycorrhiza (Ewel,
1986; Schulze et al, 1994).

Facilitation
Facilitation among tree species may occur through direct amelioration of harsh
environmental conditions or increasing the resource availability, or indirectly
through the introduction of beneficial organisms (mycorrhizae and other soil
microbes) or protection from herbivores (Callaway, 1995; Forrester et al,
2006). Increased resource availability in mixed-species stands may result from
accelerated cycling of nutrients, for example in the forest floor, the mineral soil
or in biomass. This has been observed for example for N in mixed stands of
Sitka spruce (Picea sitchensis) and Scots pine (Pinus sylvestris) in Scotland
(Millar et al, 1986 in Williams, 1996) or P in mixtures of Eucalyptus globulus
with Acacia mearnsii (Forrester et al, 2005). The increase in the pool of
available nutrients or in the rate of its cycling may result from stratification of
the root systems, or the accelerated decomposition of organic material in a
mixture, which has been observed in the majority of cases, when litter of
different species was mixed (Gartner and Cardon, 2004; Hättenschwiler,
2005). As indicated in Figure 5.1, fixation of atmospheric N by one of the co-
occurring species often has a large impact on N availability and thus
productivity. The greatest increases in productivity in mixed stands when
compared to mono-specific stands have been found in mixtures with N-fixing
species (see also Kelty and Cameron, 1995; Forrester et al, 2006). Once fixed
through symbiotic bacteria or actinomycetes, N can be transferred from N2-
fixing species to the non-N2-fixing species via litter decomposition and
subsequent mineralization of organic N.

The relationship between tree species diversity and productivity as well as
between diversity and some of the other ecosystem processes such as
decomposition and nutrient cycling is, however, idiosyncratic. The performance
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of the mixtures in comparison to respective monocultures is often more strongly
influenced by the specific species combinations and site conditions than by the
diversity (Forrester et al, 2005; Pretzsch, 2005; Redondo-Brenes and
Montagnini, 2006). It is therefore difficult to forecast the outcome of the
various interactions in mixed stands, also because these interactions may
change as the stands develop (e.g. Forrester et al, 2004). In relation to site
conditions, the success of mixtures seems to depend on whether nutrient or
water limitations of the companion species can be reduced in the mixture (e.g.
Laclau et al, 2008; Forrester et al, 2010). However, there is some indication that
mixtures of species representing complementary functional types (e.g. shade-
tolerant with shade-intolerant, early- and late-successional, or N2-fixing and
non-fixing species) result in most cases in higher productivity when compared
to monocultures (Kelty, 1992). The uncertainties regarding the expected
outcome in terms of productivity of mixed-species plantations are certainly one
of the reasons for the low uptake of mixed plantations in practice. This suggests
that to reduce this uncertainty, the relationships between functional traits of tree
species in mixtures in relation to ecosystem functioning should be the focus of
future research.

In most types of plantations, however, the goal is not only to produce a
certain amount of woody biomass but also to produce a certain quality of
wood for industrial end-uses. This is a very important aspect of the production
function of species-diverse plantations, since most forest owners will only
adopt higher levels of fine-scaled tree species diversity, if mixtures produce at
least the same quality of timber as mono-specific stands. Properties such as
wood density, lignin content and fibre length are unlikely to be influenced by
tree species mixtures. The quality of trees for solid wood products depends, in
addition to year-ring structure and internal rot, most importantly on the
criteria dimension, taper, straightness and proportion of branch-free wood
(e.g. Cutter et al, 2004). These determinants of tree quality are mainly driven
by crown dynamics, which may be strongly influenced by species mixtures. For
example, branchiness, which is the most important criterion for downgrading
of timber (Montagu et al, 2003), is closely related to crown size, which is
commonly closely related to the competition experienced by subject trees (e.g.
Alcorn et al, 2007). Thus tree quality parameters of subject trees are dependent
on interactions with neighbouring trees, which may be highly influenced by the
tree species composition and diversity of the neighbourhood (Sumida et al,
2002). However, very little is known about this, since most studies examining
timber quality have focused on mono-specific stands (e.g. Alcorn et al, 2007;
Hein et al, 2008).

Previous studies on tree species diversity have focused on stand-level
productivity (Pretzsch, 2005; Forrester et al, 2007), but not on the quality of
trees grown in mixtures. However, the interactions observed between trees in
these studies already point to possible crown interactions. Hetero-specific trees
may pose less, equal or more competition than neighbouring con-specific trees.
This will depend on species traits influencing competition such as height growth
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rates, crown expansion rates, shade tolerance, stiffness of branches, protection
of buds against abrasion, timing of leaf flush, etc. (e.g. Sumida et al, 2002).
Differences in growth rates, where subject trees grow slower than hetero-
specific neighbours, may affect the dimension and straightness of stems, in
particular in phototrophic species with low apical dominance. As a result of
spatially heterogeneous competition, crowns may become one-sided (or
imbalanced) (Jones and Harper, 1987) leading to tension and compression
wood (Bowyer at al, 2003). In situations where neighbouring species are weak
competitors, the green crown of subject trees may rise more slowly leading to
larger, lower branches and delayed self-pruning. In contrast, improved self-
pruning and reduced development of epicormic branches may result where
neighbours are shade-tolerant species of lower height. Often mixed-species
stands result from the unplanned colonization of monocultures through
voluntary regeneration of native species. These spontaneous mixtures, which
may only be temporary, can have beneficial effects on form and quality, where
they increase stand density without outcompeting the crop tree species
(Valkonen and Ruuska, 2003). This may not be an effect of diversity but of
stand density. However, spontaneous mixtures, in particular with native species,
are likely to also have beneficial effects on biodiversity (see below).

Given the interest in mixed-species forests in many regions, as can be seen
in efforts to convert coniferous monocultures into mixed deciduous–coniferous
forests in Europe (Spiecker et al, 2004), this knowledge gap on the influence
of tree species diversity on timber quality is surprising. The available
information suggests that the quality of trees may not have to be compromised
in mixed stands, if the species composition is judiciously chosen and managed.
This points also to the need for information about the traits of companion tree
species to make the outcomes of mixed-species plantations more predictable.

Provisioning of non-wood forest products in diverse plantations
In addition to the production of wood, the production function of plantations
also extends to other plant products and animals that may be harvested for
human consumption. Forest products that are not related to timber have been
important to human beings since the hunting and gathering age. The
importance of non-wood forest products (NWFPs) for the livelihood systems
of people all over the world, in developing as well as industrialized countries,
has been clearly pointed out in the literature (Wickens, 1991; SCBD, 2001;
Chamberlain et al, 2002; Ticktin, 2004; Kaushal and Melkani, 2005; Emery et
al, 2006). Here, the term non-wood forest products (NWFPs) will be used for
all the biological material (other than wood products) that can be utilized
within the household, be marketed or have social, cultural or religious
significance (Wickens, 1994). Typically this includes nuts, fruits, berries,
mushrooms, herbs, bark, resin, rubber, etc. This definition does not include
forage, which sustains livestock or game animals (Wickens, 1994). However,
in the livelihood systems of many people, forage from forested land plays an
important role.
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With a shrinking area of natural forests, the supply of NWFPs is shrinking
accordingly. For example, it has been estimated that the demand for these
products outstrips the sustainable yield from Indian forests (Appasamy, 1993),
and in countries such as Nepal, some non-timber forest product species are
threatened by extinction from overexploitation (Maraseni, 2008). Not
surprisingly, NWFPs are cultivated at an industrial scale in plantations, for
example for rubber, palm oil, nuts, etc. (Last, 2001). In addition, the active
management of forests for provision of NWFPs has commenced in some areas,
partly to reduce the pressure on native forest (e.g. Maraseni, 2008; Trauernicht
and Ticktin, 2005). This objective, which is similar to that for the
establishment of tree plantations in some regions, suggests that there may be
some synergies. However, the active cultivation of NWFPs is certainly more in
the domain of agroforestry, in particular in home gardens, which provide a
rich variety of these products and function as harbours of biodiversity (Kumar
and Nair, 2006). The relationship between biodiversity and NWFPs in these
systems warrants a separate discussion, which is beyond the scope of this
chapter and this book. Here, we ask, whether management for diversity in
‘conventional’ tree plantations might accommodate the provisioning of
NWFPs. However, studies that deal specifically with silvicultural approaches
to maintaining or enhancing the provision of NWFPs are extremely rare. This
lack of knowledge has been identified by different authors in different regions.
Neumann and Hirsch (2000) reviewed the literature about the policies and
practices regarding the management of NWFPs and found, that ‘there are
promising speculations about integrating timber and NWFP management, but
few studies that experimentally test the possibilities of different management
techniques and silvicultural treatments, and there is even less information
specific to plantations. Chamberlain et al (2002) analysed the management
plans of 32 eastern national forests of the US concerning the space given for
the description and management of NWFPs. Despite an increasing importance
of various NWFPs in the studied states, NWFPs were mentioned in only seven
plans and no plan devoted more than 1 per cent of its text to them. The lack
of explicit concern for NWFPs in management plans, inventory, policy and
legislation is echoed by others (Lynch and McLain, 2004; Emery et al, 2006).
The lack of such information is particularly obvious for tropical countries,
where NWFPs play a more important role for local livelihoods (Panayotou and
Ashton, 1992; Mahapatra and Mitchell, 1997; Gautam, 2001; Ticktin et al,
2002; Ticktin, 2004).

One of the speculations about silvicultural treatments and NWFPs
mentioned by Neumann and Hirsch (2000) is that product yield in forests or
plantations may be increased through the enhancement of biodiversity and the
creation of structural diversity (Gautam, 2001; Ticktin, 2004; Gautam and
Devoe, 2006). However, this often seems to be largely related to the
interactions between canopy light regime and understorey development. For
example, Gautam (2001) found that lopping and litter removal in sal (Shorea
robusta) forests in Nepal increased understorey light conditions and thus
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enhanced the supply of NWFPs such as herbs, lianas and grasses, whereas
useful shrubs declined. Floristic diversity in plantations, which is probably
related to the diversity of NWFPs, is often inversely related to canopy cover
(e.g. Bone et al, 1997; and discussion below). However, based on existing
studies, the effects of tree species diversity on understorey diversity can usually
not be disentangled from the effects of succession and plantation age (see Box
5.2). For example, monoculture plantations have been proven to be a probate
system for the successful re-establishing or restoration of diverse native
vegetation (Lugo, 1997; Parrotta et al, 1997). Here, functional traits such as
shade-tolerance, litter decomposability or the allelopathic effects of the tree
species are more important than questions of tree species richness or origin,
native vs. exotic.

Most studies in the literature are concerned with the management of
selected non-timber products. The question that is important for this review,
namely to what extent production of NWFPs can be accommodated in
plantations grown for other purposes without affecting the main production
goals or what the trade-offs may be between the provision of NWFPs and wood
production, is not dealt with. Despite the lack of information, however, some
general statements can be made. The provision of mushrooms would be highly
compatible with plantation management, particularly when these are the
fruiting bodies of mycorrhizal fungi, which are fed by the tree crop. However,
these may not necessarily be native mushrooms, since for some exotic species
the mycorrhizae were imported as well (Brundrett et al, 1995). For the
provision of NWFPs that stem from understory vegetation (fruits, berries,
medicinal plants, roots and tubers) the same considerations apply, discussed
further below in relation to the richness and diversity of understorey vegetation
in plantations. The provision of these plant products may depend on the
functional traits of tree species, their canopy light transmission, competition for
soil resources, litterfall, initial site preparation, etc. Thus provision NWFPs may
be influenced by spacing, thinning and the initial establishment techniques.

Information about the role of plantations in the provisioning of huntable
animals is even scarcer, although large-bodied mammals and birds are a major
source of dietary protein, in particular in many parts of the tropics (Robinson
and Bennett, 2004). This lack of information is probably related to the scale
of investigation, since the home range of many of these animals is defined by
landscapes comprising a variety of land use and forest types, and where it is
difficult to relate hunting and habitat preferences to particular landscape units
such as plantations. The habitat quality for huntable animals is likely to
depend on the structural diversity of plantation forests as well as the diversity
of the landscape and the proportion of native ecosystems in the landscape (e.g.
Nasi et al, 2008). One study, which investigated subsistence hunting patterns
in a landscape with different land-use types in tropical Brazil, showed that
most of the kills were sourced from primary forest (Parry et al, 2009). In
contrast, hunting pressure in plantations was low, despite a high catch-per-
unit-effort. The authors assume that plantations were less attractive to hunters
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because there were limited additional benefits from visiting these habitats.
Because large-scale tree plantations fail to attract hunters away from primary
forests and support few forest specialist animals, they were viewed to have
limited conservation potential for large vertebrates.

Tree diversity effects on regulating functions
In addition to the provisioning functions for wood and non-wood forest
products, plantations have important regulating functions for water, nutrient
and carbon cycles as well as for ecosystem resiliency. Although the role of
plantations for hydrological cycles and carbon storage and sequestration have
been highlighted previously in Chapters 3 and 4, we will here return to the
question of how biodiversity, with a focus on tree species richness, might
influence the ecosystem functioning related to these services.

Water
Despite the fact that water is a fundamental and critical resource economically,
environmentally and socially (Calder, 2005), the effect of tree species mixtures
on forest hydrological cycles has been largely ignored. This is surprising, since
as we have seen above, mixed-species forests are often more productive than
their mono-specific counterparts and forest water use does normally increase
with productivity (Law et al, 2002). Therefore it should be asked whether
mixtures use significantly more water than monocultures on the same site.
However, there are only a few studies that have compared the water use of
trees in mixtures to monocultures (Schume et al, 2004; Anders et al, 2006;
Forrester et al, 2010). Forrester et al (2010) found that water use in mixtures
was higher than in monocultures, although the water-use efficiency of the
companion species had also increased. Similarly, water use in mixed stands of
Norway spruce and European beech was substantially higher than in pure
Norway spruce stands (Schume et al, 2004). However, in mixtures and
monocultures of Pinus sylvestris and Fagus sylvatica, groundwater recharge
was higher under mixtures (Anders et al, 2006) than under pine, despite a
higher water use of trees in the mixture. The improved soil moisture and
drainage in the mixed stand was the result of suppression by the shade-casting
beech of a dwarf-shrub and grassy understorey with high transpiration. This
study shows that interactions in mixed stands can be complex and go beyond
the direct influence of one tree species on the other. However, these findings
demonstrate that there may be trade-offs between the use of tree species
diversity for other functions and the provision of water or the susceptibility to
drought stress.

Carbon sequestration and storage
A functional relationship between tree species diversity and C storage and
sequestration in plantation forests would have important implications for the
management of the C-sinks in reforestation and afforestation projects
(UNFCCC, 2005). The effects of tree species diversity on above ground
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sequestration of C in plantations is closely related to that of ecosystem
productivity, which has been discussed above (see also Chapter 3). In addition,
tree species diversity can have effects on below ground and soil carbon through
effects on litter quality and decomposition (Giardina et al, 2001; Binkley and
Menyailo, 2005) and also the diverse rooting patterns of trees leading to the
deposition of organic material at various soil depths (Johnson, 1992). There
are some indications of the positive effects of plant species richness on soil
organic carbon storage in forest or agroforest ecosystems (Chen, 2006; Saha et
al, 2009). These observational studies cannot clearly separate the effects of
species diversity from that of all the other environmental influences. However,
Gleixner et al (2005) suggested that these are likely to be indirect effects of
plant diversity mediated by feedbacks between above ground and below
ground diversity, and effects on water cycles and decomposition processes.
Thus species-specific influences on these processes or those that are related to
functional types are likely to have a large influence on soil C storage. One
example for such an effect is the inclusion of N-fixing species leading to
increased soil organic carbon sequestration, presumably through reduced
mineralization of N-enriched soil organic C under N-fixing species when
compared to non-N-fixing species (Resh et al, 2002).

New insights in the effects of biodiversity on soil C sequestration and
nutrient cycling can be expected from controlled manipulative experiments of
tree species diversity (e.g. Scherer-Lorenzen et al, 2007). In addition, an
indirect effect of tree diversity on forest C storage may be through increased
resistance against disturbances (see also Chapter 3).

Nutrient cycling
Mixing tree species may lead to increased availability and more efficient use of
nutrients through accelerated cycling or through increased capture of
nutrients. The question of nutrient cycling is of paramount importance in high-
yielding plantations, where the export of nutrients with harvested products
may be very high (Gonçalves et al, 1997). Any processes and mechanisms that
lead to reduced nutrient losses per unit of exported biomass and to reduced
fertilizer inputs, in particular of nutrients with limited supply such as P, will
help to improve the sustainability of plantations. How changes in tree
diversity, from monocultures to mixtures of varying species richness and
composition, affect nutrient cycling is still rather equivocal (Scherer-Lorenzen
et al, 2005). Interspecific differences in resource capture can be attributed to
different resource requirements, uptake abilities and niches occupied (Rothe
and Binkley, 2001). Hence, mixing species with such different traits and
resource niches may lead to niche differentiation and resource partitioning,
resulting in increased resource use complementarity. A recent meta-analysis
showed that in the majority of cases the above ground nutrient content and
nutrient use efficiency (N and P) of species grown in mixtures were higher than
in monocultures, indicating an increase in the proportion of resources captured
from a site (Richards et al, 2010). However, this study also indicated that in a
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substantial number of cases there is either no effect or a negative effect. This
again points to the need for careful selection of companion species to obtain
the desired influence of mixtures of ecosystem functioning, here the
maintenance of site fertility.

Resiliency
Resiliency, as a regulating function of ecosystems, is related to the concept of
ecological insurance, which hypothesizes that more diverse communities are
more likely to cope with stress or disturbance (Yachi and Loreau, 1999). Tree
species diversity may influence both the resistance as well as the resilience in
relation to specific disturbance agents, which may be of biotic as well as abiotic
nature. Resistance can be defined as the ability of the system to withstand
changes of the current state, whereas resilience relates to the capacity of the
system to recover from disturbance and to regain the pre-disturbance
condition (Attiwill, 1994). For forest ecosystems, the living biomass stock is
often used to define this pre-disturbance reference condition.

The most important abiotic disturbances affecting plantations are wind
storms and fire. While there are many publications that have analysed the
storm resistance of individual tree species and certain stand structures (e.g.
Foster, 1988; Schütz et al, 2006), few have considered the question of mixed-
species stands (e.g. Lüpke and Spellmann, 1997; Dhôte, 2005), and none have
analysed the question of diversity. The resistance to storm is rather species
specific and determined by traits such as tree height, rooting patterns,
deciduousness vs. evergreen, foliage density, etc. For example, Lüpke and
Spellmann (1997) found that Norway spruce when mixed with European
beech is no less susceptible to storm damage than in mono-specific spruce
stands. However, the mixed stands are more stable, since the beech component
is less affected. This implies that these mixtures are not more stable than
mono-specific beech stands. Unless the traits conferring wind firmness of the
different tree species participating in mixed stands are not influenced by the
stand composition, similar results may be expected for other species
combinations. The persistence of at least a partial cover of trees following
catastrophic storms may, however, be an important advantage for the recovery
of stands (Dhôte, 2005).

The issue is much more complicated for fire disturbance, since there are
interactions between species traits and disturbance frequency and intensity.
Important tree species traits related to fire resistance are: bark thickness,
shedding of dead branches, etc. (e.g. Fernandes et al, 2008). In addition, there
are species traits promoting fire such as the flammability of leaves and needles
as well as litter production (Facelli and Pickett, 1991). Some widely distributed
plantation genera such as Pinus and Eucalyptus are known for their fire
promoting traits (Scarff and Westoby, 2006; Ormeno et al, 2009). Thus tree
species with low flammability of litter have been commonly used as green fire
breaks in plantations (Johnson, 1975). Mixing such species into plantations to
accelerate the decomposition of flammable litter, to change the fuel bed
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properties or to shade a flammable understorey such as grasses may be
additional options to reduce fire risks. However, these benefits regarding
increased resistance to fire are the result of specific combinations of species,
not diversity per se.

In relation to biotic disturbances through pest or pathogen species, there is
evidence that lower tree species diversity is related to greater pest insect
abundance, density or damage (Jactel et al, 2005). The mechanisms leading to
a greater resistance of mixed-species stands comprise reduced accessibility of
host trees to pests, a greater impact by natural enemies and the diversion of
pests from less susceptible to more susceptible tree species (Jactel et al, 2005).
Further, Jactel and Brockerhoff (2007) and Koricheva et al (2006) found that
the composition of tree mixtures was likely to be more important than species
richness per se. This is because the diversity effects on herbivory were greater
when mixed forests comprised taxonomically more distant tree species, and
when the proportion of non-host trees was greater than that of host trees. In
addition, the effect of tree species diversity is more pronounced for specialist
herbivores than for generalists (Koricheva et al, 2006; Jactel and Brockerhoff,
2007). However, there are many situations where the direct comparison of
monocultures with polycultures or plantations with native forests has failed to
demonstrate that mono-specific stands are more susceptible to diseases (Nair,
2001).

The habitat functions of ecosystems relate to the importance of ecosystems
to provide habitat for various stages in the life cycles of wild plants and
animals, which, in turn, maintain biological and genetic diversity and
evolutionary processes (Chapter 2). Since more tree species can support more
dependent species such as micro-organisms and invertebrates, the benefits for
biodiversity are obvious, in particular, if native species are components of
mixed-species plantations (Hartley, 2002). This other potentially important
regulating function of plantations is dealt with below, when we discuss the
silvicultural options to maintain or enhance biodiversity in plantation forests,
since the effects of plantation management on biodiversity are of particular
public concern (e.g. Brown et al, 2006).

Silvicultural options to increase plantation biodiversity

In the previous section we have seen that biodiversity at the level of tree species
richness has the potential to enhance plantation ecosystem functioning. As a
result the related ecosystem goods and services may be provided at a higher
level when compared to mono-specific plantations. While the relationships
between tree species diversity and the provisioning and regulating functions
may not in every case be positive, there are only a few examples where these
may be detrimental. The examples above indicate that there may be economic
incentives for plantation owners to incorporate higher levels of biodiversity to
improve productivity, to sequester more C or to reduce the susceptibility to
pests, pathogens or fire. However, at other trophic levels, and with regard to
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herbivores or predators, the maintenance of biodiversity may not be of direct
benefit to plantation owners and may even come at a cost, if the provision of
habitat for these organisms requires additional or more intensive silvicultural
operations or reduces yield. In this section, we will review the current
knowledge about silvicultural options to maintain or enhance plantation
biodiversity.

Silviculture is the manipulation of forest structure and dynamics at the
stand level with the specific aim of producing certain goods or services. While
silvicultural systems operate at the stand level, they have ramifications for the
higher levels of forestry planning and management (Nyland, 2002). Likewise,
silvicultural decisions at the stand level are influenced by or have to conform
with management goals at the higher levels of management such as the estate
or the landscape. For example, the establishment of a potentially invasive
exotic tree species in some plantation stands can have effects on biodiversity at
the landscape scale, or the management of short rotations in plantation stands
may provide the highest financial return, but may impact negatively on
catchment water run-off (Nyland, 2002).

There is a range of silvicultural options that forest managers can apply at
the stand level to achieve different management goals. They can be grouped
into the following five categories:

1 site preparation and residues management;
2 tree species selection and mixtures;
3 stand density management (spacing and thinning);
4 structural complexity creation;
5 rotation length.

Silvicultural options to establish, maintain or enhance biodiversity values exist
at the different planning levels (see Kerr, 1999, for a discussion of the options).
Habitat or habitat components can be influenced at the tree neighbourhood
level (Coates and Burton, 1997), stand level (e.g. Geldenhuys, 1997; Hartley,
2002; Lindenmayer and Franklin, 2002; Watt et al, 2002; Montes et al, 2005;
Brown et al, 2006) as well as the landscape level (e.g. Lindenmayer and Hobbs,
2004; Tubelis et al, 2004; Montes et al, 2005), while the matrix and corridor
function of plantations and the buffering of native ecosystems is clearly an
issue for estate or landscape planning (Bone et al, 1997; Tubelis et al, 2004;
Nasi et al, 2008). Therefore, silvicultural prescriptions are just one element in
an overall plan to achieve certain biodiversity goals in plantations (Figure 5.2).

Plantations may harbour a surprisingly high proportion of native plant
biodiversity. For example, Keenan et al (1997) found over 300 plant species
beneath tropical timber plantations of the exotic Pinus caribaea and the
natives Araucaria cunninghamii, Flindersia brayleyana and Toona ciliata in
Northern Queensland. In some situations, much of the understorey flora of
plantations comprises widespread and weedy species, including exotics
(Michelsen et al, 1996). However, in other situations, plantations may contain
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a large part of the native understorey vegetation: Newmaster et al (2006)
described how nearly half of the species found in comparable native forests
could be found after 50 years in conifer plantations in Ontario.

However, in most cases, biodiversity in plantations cannot be restored to
an ‘original level’ found in native forests of the same locality, regardless of the
silvicultural approaches used (Bone et al, 1997; Lamb, 1998). Even where
plantations are established with native species, species richness remains below
that found in native forests of the same tree species, as was found for example
for invertebrates in eucalypt plantations (Cunningham et al, 2005) and in teak
plantations (Tangmitcharoen et al, 2006). However, silvicultural measures may
enhance biodiversity, even without substantial losses in timber production
rates (Hartley, 2002).

Studies dealing with silviculture and biodiversity cover a wide range of
ecosystem components like different vegetation layers and taxonomic groups
such as mammals, reptiles, birds and invertebrates. However, few studies have
sampled a wide range of taxonomic groups at the same time and in the same
place. In a large tropical landscape composed of eucalypt plantations and
lowland rainforest, Barlow et al (2007) demonstrated, through intensive
sampling of a range of different taxonomic groups, that these different
taxonomic groups respond in very different ways to plantations and the
structures within them. Similar findings were obtained from the Tumut
Fragmentation Experiment (Lindenmayer and Franklin, 2002), where one
group of species benefited from the mix of contrasting environments provided
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by exotic radiata pine plantations and remnant native eucalypt forests. A
second group of species was able to persist in the landscape owing to the
matrix provided by plantations, whereas the plantation matrix was
inhospitable to a third group of species. In conclusion it is very difficult to
interpret studies that investigated the effects of plantations on specific species
or ecosystem components, especially when these studies covered only a short
period of time. It is therefore not surprising that many contradictory results
have been reported from such studies with limited scope (see also Bawa and
Seidler, 1998).

Site preparation and residues management
The inter-rotational period is in many regards a critical time in plantation
management. When most of the previous vegetation has been removed, the risk
of nutrient losses is high and there is usually minimum habitat available for
most species other than those dependent on disturbance. However, disturbance-
dependent species (ruderal plants and highly mobile animal species adapted to
open conditions) are usually not at risk in plantation landscapes. The challenge
in this period is to maintain suitable conditions for those species that are
adapted to later successional stages and require particular habitat structures. It
is obvious that litter-inhabiting invertebrate communities and other species that
depend on them such as birds or reptiles will benefit from the retention of litter
and slash. At the same time, practices that conserve litter and slash will also
conserve nutrients on site and are therefore beneficial to future plantation
productivity (Nzila et al, 2002). However it may also increase the fire risk in
plantations. The retention of coarse slash, which is more important for stand
structure, will be discussed below in the context of the creation of structural
complexity. The retention of coarse slash has implications for future access, and
machine movement within the stand, and may therefore come at a cost incurred
later in plantation rotations.

Tree species selection and mixtures
Tree species composition may also be regarded as an aspect of stand structural
complexity, but because species choice is such an important management
decision and because the choice of tree species in the light of vast areas of
planted exotic species is so contentious, it is treated separately here. In the first
part of this chapter, we have already seen that many of the beneficial effects of
increased tree diversity depend on the particular combination of species with
certain traits.

From a biodiversity perspective, the use of native tree species has many
benefits over the use of exotics. It is generally believed that the latter harbour
less diverse communities of native species, in particular invertebrates or micro-
organisms (Hartley, 2002), but recent studies comparing exotic spruce
plantations with native pine and oak forest in Britain have shown that this is
not necessarily the case (Quine and Humphrey, 2009). Whereas the diversity
and species richness of taxonomic groups such as invertebrates can be linked
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to the question of native vs. exotic tree species, for understorey vegetation
indirect effects such as litter depth (which may restrict the germination of
seeds) and microclimate (light, temperature, canopy throughfall) are more
important (Parrotta, 1995; Keenan et al, 1997). Native tree species may also
be important for the socio-cultural setting of the region (Lamb, 1998),
particularly if they provide traditional timber or non-timber products.

There may be situations where exotic plantation species could be replaced
by native species with similar properties and growth rates. The irony is that in
most situations, in particular in the tropics, the knowledge base that comes
with widely planted exotic trees is much better than for the native species and
therefore the perceived cultivation risks are also lower for the exotics.

The question of tree species choice also relates to the choice between tree
mixtures or monocultures. The merits and risks of diverse tree plantations
have been covered above.

Stand density management (initial spacing and thinning)
First, we focus on the effects of stand manipulations on understorey vegetation
diversity, which, in managed forests, comprises most of the floristic diversity
(Halpern and Spiess, 1995). The ecosystem goods and services provided by this
non-tree vegetation are manifold. They include consumptive use of plants as
medicinal or edible plants or parts thereof, the use as fodder for grazing
animals, as well as the ecosystem functions such as soil cover (Michelsen et al,
1996) and the sequestering and recycling of nutrients (Moore and Allen,
1999).

Any regulation of stand density has effects on canopy density, which are of
variable duration depending on the stand developmental phase and the
intensity of the reduction in stand density. Since plantations are mostly kept in
the phase of dynamic growth associated with rapid height development,
crowns can also expand rapidly and hence the canopy can potentially close
within short periods following establishment or thinning.

A wide spacing of trees at the time of plantation establishment offers
opportunities to support species richness. An important question is whether
this effect of wider spacing lasts only until canopy closure or has longer-lasting
effects on understorey species composition. In a unique study, Newmaster et al
(2006) quantified species richness in conifer plantations in northern Ontario
established at different initial spacing (1.8, 2.7 and 3.6m) 50–70 years after
establishment. He found a clearly significant correlation between increasing
spacing at planting and species richness as well as reduced woody plant
abundance, higher cover of herbaceous plants and substantial increases in
cryptogam cover after this time. Apparently, the duration of the early
successional stage before canopy closure can influence the understorey species
composition of the plantation for a long period of time. Unfortunately there
are no similar studies to corroborate this observation for other forest
ecosystem types.

Typically, aims of vegetation management in the establishment phase of
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plantations are to prevent strong competition between tree seedlings and
ground vegetation, to allow rapid growth of trees, and to avoid other harmful
effects of vegetation cover such as reducing herbivory damage by altering
wildlife habitat. In most cases vegetation management requires some form of
control of the competing vegetation, which can range from manual weeding to
broadcast spraying (Evans and Turnbull, 2004). While the mid- to long-term
effects to herbicide applications on vegetation may be small (Sullivan et al,
1998), any management activities that minimize the removal of existing
vegetation and/or the depletion of the soil seed bank have the potential to
benefit floristic diversity (Hartley, 2002). These activities include site
preparation techniques that focus on the areas around planted trees, such as in
spot spraying or scalping. In these instances, impacts for a given stand will
decrease with increasing tree spacing (Puettmann and Berger, 2006).

In temporal sequence, the effects of thinning operations follow those of
initial spacing. An often studied subject is the influence of canopy opening on
the abundance and diversity of understorey vegetation. There is abundant
evidence that the reduction in canopy density through thinning promotes the
development of the understorey in the form of grass, herb and shrub layers
(Harrington and Ewel, 1997; Bailey and Tappeiner, 1998) resulting in a
positive relationship between the degree of opening and the increase in
understorey biomass (Bone et al, 1997; Harrington and Edwards, 1999;
Battles et al, 2001; Elliott and Knoepp, 2005). A positive relationship between
vascular plant diversity and richness, and management-induced canopy
openings have been found in several studies (Battles et al, 2001; Muir et al,
2002). However, there are also many studies that could not find a significant
increase in floristic diversity following canopy opening in native forests
(Bauhus et al, 2002; Gilliam, 2002; Elliott and Knoepp, 2005; Gondard and
Romane, 2005) as well as plantations (McQueen, 1973). In addition, the
effects of canopy density are not static but may change with plantation
development. In particular, when plantations originate from the afforestation
of former agricultural land, a phase of dense canopy may be required to reduce
grasses or other dominant ruderal species to facilitate the later establishment
of typical forest understorey or later successional tree species. For example,
Powers et al (1997) found that establishment of woody species in the
understorey was highest in Vochysia plantations when compared to open,
abandoned fields or plantations with other dominant tree species. They
attributed this facilitative effect on a period of low light conditions in the
understorey, which effectively suppressed the dominant grasses and ferns,
allowing other species to colonize as the plantation matured. The limitation of
recruitment of typical forest understory species by grassy understoreys has also
been pointed out by others (Parrotta et al, 1997). However, prolonged low
light conditions beneath the canopy may limit the regeneration of all species
including grasses (Powers et al, 1997). In addition, there may be situations,
where the understorey is dominated by a few exotic or native species before or
after thinning so that overstorey manipulations alone have little, or even
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negative effects on understorey species richness and diversity. This type of
situation has been reported for native Eucalyptus grandis plantations with a
dominant understorey of exotic Lantana camara (Cummings et al, 2007).

Different light regimes favour different understorey species but the effects
of light intensity on plant species diversity may be difficult to predict. In some
studies low light levels may increase species richness by suppressing dominant
species, but in other cases low light may suppress the understorey altogether.
If the understorey vegetation of native forests that would normally occur at the
site of the plantations comprises mostly shade-tolerant species, then more
intensive or frequent thinning in the plantation may even reduce the
proportion of typical, native forest understorey species (Bristow et al, 2006).
Therefore, there may be advantages in thinning in non-uniform patterns within
stands or between stands creating a range of canopy conditions to support
understorey vegetation with different light requirements.

In addition to floristic diversity, stand density management can influence
the diversity of fauna in plantations. The fauna within plantations provides a
range of ecosystem goods and services, which comprise the harvesting of
animals for human consumption, the role of animals as antagonists for pest
species, pollination and seed dispersal services, etc. (MEA, 2005b). At the same
time, many species, in particular folivorous insects and mammals are
considered pests and are controlled through spraying, shooting or fencing
(Dolbeer et al, 1994; Speight and Wylie, 2001). The richness and diversity of
animal species is related to the resources provided in plantations. The
distribution of habitat resources are commonly a function of tree and
understorey species density and diversity, vertical and horizontal stand
structural variability, and the landscape context of plantations (Lindenmayer
and Hobbs, 2004).

We are not aware of any studies that have directly investigated the effects
of initial tree spacing at planting on fauna diversity in plantations. How the
removal of trees through thinning affects animals in forest plantations has been
studied in a few cases only and certain trends have been observed only within
particular species groups. In most reported cases, insects appeared to benefit
from thinning. For example, increases in ant species following thinning have
been observed in the litter of Terminalia ivornensis plantations in Cameroon
(Watt et al, 2002) and in Pinus plantations in Argentina (Corley et al, 2006).
In open areas resulting from thinning in Picea sitchensis plantations in Ireland,
higher spider diversity was observed when compared to dense patches
(Oxbrough et al, 2006). In line-thinned Japanese cedar plantations, where
between 25–35 per cent of trees were removed, the number of Hymenoptera
families and functional groups were greater than in unthinned stands, which
was related to the increased species richness and biomass of understorey plants
(Maleque et al, 2007). Similar results were obtained for Chrysomelidae in
thinned and unthinned Japanese larch plantations (Ohsawa and Nagaike,
2006), whereas another group of species, weevils, did not respond to thinning
in these plantations (Ohsawa, 2005).
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More individual birds and more bird species found in thinned rather than
in unthinned Douglas fir stands were explained by Muir et al (2002) with the
abundance of shrubs after the thinning, which caused an increase in arthropod
populations (Yi and Moldenke, 2005). This trend of increasing diversity was
confirmed in later studies, although here some species showed reduced
population densities (Hagar et al, 2004). Similar results have been obtained by
Lopez and Mori (1997) and Carey and Johnson (1995), who related the
abundance and diversity of birds and small mammals, respectively, to the
development of understorey and thus vertical stand structure; see also
Humphrey et al (1999). However, 12–14 years after pre-commercial thinning
of lodgepole pine plantations to low, medium and high residual densities,
Sullivan et al (2005) could not find a significant difference in small mammal
communities between these thinned stands and in comparison with unthinned
and old-growth stands. For the same experiment, Ransome et al (2004) found
that flying squirrel abundance was highest in dense regrowth stands, whereas
there were no stand density effects on red squirrels, reiterating the point that
depending on habitat requirements, species will respond differently to
thinning. Also, the effect of thinning appears to take some time to manifest.
Yuan et al (2005) found very little response in species richness and the
abundance of small mammals and non-breeding birds to different levels of
thinning in Cryptomerica japonica plantations.

The results above indicate that the effects of plantation thinning on fauna
diversity are closely related to the creation of structural variability, which will
be discussed in more depth in the next section. The effects of thinning on one
trophic group (e.g. insectivorous birds) may depend primarily on the response
to thinning at lower trophic levels (arthropods). To maintain or to maximize
the diversity of birds and mammals at the landscape scale, a variety of thinning
intensities and patterns, ranging from no thinning to widely spaced trees
within and among stands may be employed (Hagar et al, 2004).

Creation of stand structural variability
Structural variability of forest stands can be regarded as a measure of the
number of different structural attributes and the relative abundance of each of
these attributes (McElhinny et al, 2005). As already discussed above, the focus
in this section is not how to maximize structural complexity in plantations,
which are commonly managed as fairly uniform stands to grow a
homogeneous product. Instead, the focus is on how structural complexity may
be increased without substantially compromising plantation productivity or
possibly even increasing it. In almost all situations, structural complexity in
plantations will be lower than in comparable native forests (Moore and Allen,
1999). The importance of structural diversity in plantations is discussed mostly
with regard to fauna biodiversity since it is largely the vegetation that provides
the stand structure. Therefore we will focus on the relationships between
structural variability in plantations and the biodiversity of fauna and how this
relationship is influenced by management.
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Many studies showed that plantations support biodiversity owing to the
structural complexity or landscape heterogeneity (Kerr, 1999; Lanham et al,
2002; Thompson et al, 2003; Humphrey, 2005; Brown et al, 2006; Carnus et
al, 2006; Lindenmayer et al, 2006 and others). Given the list of attributes in
Box 5.1, it is obvious how stand structural complexity in plantations may be
increased: through planting more species-diverse stands, using longer
rotations, allowing understorey development, and the retention of residual
trees and tree residues (see also Keeton, 2006; Bauhus et al, 2009).

The creation of more foliage layers through permitting development of the
understorey provides more niches, which has already been discussed in the
context of thinning responses. Two fauna groups that have been well studied
with regard to vegetation structure are birds and invertebrates. Humphrey et
al (1999) showed a positive correlation between vertical structure of pine and
spruce stands and the diversity of syrphids (hoverflies) and carabids (ground
beetles). Increasing the vertical structure of the lowest vegetation layer (0–2m)
did support the diversity of carabid beetles but not of flies. Other authors who
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Box 5.1 Attributes commonly used to characterize stand structure

Both the total or average quantity of these elements as well as their variation in
space is considered important:

Stand element Measured attribute

Foliage foliage height diversity,a number of strata, foliage density 

Canopy cover canopy cover, gap size classes, gap proportion 

Tree diameter average DBH,b variation in DBH, diameter distribution, number of
large trees 

Tree height height of overstorey, variation in tree height, height class richness 

Tree spacing different aggregation indices, number of trees per ha 

Stand biomass basal area, volume 

Tree species diversity or richness, abundance of key species 

Understorey total cover of understorey, herbaceous vegetation cover and its 
vegetation variation, species richness, shrub cover, shrub height,

regeneration density 

Dead wood number, volume or basal area of stags, volume of coarse woody
debris, log volume by decay or diameter class, variation in log
density 

a  foliage height diversity is an expression of the number of vegetation strata within a vertical
stand profile and the relative density of these strata (MacArthur and MacArthur, 1961).

b DBH = diameter at breast height

Source: after McElhinny et al, 2005
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studied the diversity of insects in relation to understorey vegetation have come
to similar results (Jukes et al, 2001; Ohsawa, 2005; Oxbrough et al, 2005;
Ohsawa and Nagaike, 2006; Oxbrough et al, 2006).

The relationship between bird species richness and vertical stand structure
has been demonstrated in the classical study by MacArthur and MacArthur
(1961). In particular, increased understorey cover and species richness appear
to be important to provide foraging sites. Openings in Acacia falcataria
plantations in Borneo assisted the development of an understorey that
attracted birds and increased their diversity (Mitra and Sheldon, 1993). In
addition, structural variability can be created through the retention of patches
of native vegetation (Hartley, 2002), sometimes called understorey islands, if
they are deliberately excluded from harvesting and site preparation (Ough and
Murphy, 1998). Intermittent stand-tending practices such as thinning can have
strong effects on structural variability, depending on their intensity and also
the technique or equipment used (e.g. cable or ground based, manual or
harvester) (Figure 5.3). Loumeto and Huttel (1997) found that species richness
and the proportion of forest species increased with stand age but that this
development may be slowed by disturbance such as fire, herbicide treatments
or other weeding practices. Likewise, thinning appeared to set back succession
by increasing early successional species (McQueen, 1973).
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Figure 5.3 Disturbance of understorey vegetation through harvesting
equipment in Eucalyptus grandis plantation, New South Wales, Australia

Note: This disturbance could be reduced through careful planning of timber harvesting to keep the traffic of
machines within stands on extraction/access tracks
Source: Photo: J. Bauhus
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Cavities for nesting and dead wood as foraging sites are additional critical
structural elements for many bird species and other species groups. Therefore
bird diversity can be enhanced by retaining dead standing trees and also large
living trees (Land et al, 1989; Kavanagh and Turner, 1994; Niemela et al,
1995). Large living trees eventually become dead wood and therefore snags,
logs and other coarse woody debris in plantations. In addition, large living
trees last longer than dead trees and provide cavities to those species which
require such features in living trees. Dead wood on the ground, which is often
pushed into windrows or piles following harvesting, is also an important
structural element for birds and other fauna (Lindenmayer and Franklin,
2002). Large dead standing trees and logs are habitat for detritivores and
decay organisms, provide shelter for forest-dependent vertebrates, hiding space
for animals and are a long-term source of energy and nutrients. While it is
generally known that retention of these structural elements (large trees, dead
wood) benefits biodiversity, it is very difficult and has rarely been attempted to
translate this into specific quantitative management goals for plantation
forests. To advance the possible retention of structural elements in plantation
forests, it is necessary to quantify the associated losses in productivity or the
increase in operation costs. Bi et al (2002) and Palik et al (2003) provide
examples for assessing the influence of retained mature trees on plantation
productivity and seedling regeneration, respectively. The influence of these
structural elements on plantation growth and operations may be reduced by
not dispersing these elements over the entire area, but to keep them spatially
aggregated, which is usually also easier to implement. One unresolved issue is
whether aggregated retention of structural elements is as effective for habitat
conservation as dispersed retention (Hartley, 2002) and what the consequences
of the different patterns may be for other ecosystem structures and processes.
For example, aggregated retention in Douglas fir forests caused a greater
intensity of disturbance concentrated in a smaller portion of the harvested unit
when compared to dispersed retention (Halpern and McKenzie, 2001).

In addition to the creation and maintenance of structural variability within
plantations stands, the landscape setting and the matrix of plantation patches
is also very important. At a large scale such as the landscape, spatial variability
can be achieved through conserving remnant patches of native vegetation
within a plantation matrix (Lamb, 1998; Lindenmayer and Franklin, 2002;
Brown et al, 2006). Many studies have demonstrated the importance of
patches of native vegetation for different species groups. For example, in Pinus
radiata plantations the diversity of bird species decreased with increasing
distance to native Eucalyptus forests and bird species richness was positively
correlated with the width of natural forest strips within the plantation
landscape (Tubelis et al, 2004). In an Acacia mangium plantation landscape on
Sumatra, primates were only observed in retained patches of riparian forests
that were connected to large natural forest patches in the landscape (Nasi et al,
2008). This indicates for this group of species that areas set aside from
production should ideally be connected to the larger conservation areas or
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natural forest. The size of such patches of remnant forest within plantations
will also influence the kind of species that occur. Lindenmayer and Franklin
(2002) make several suggestions about how structural diversity can be
maintained at the landscape level within plantation estates. This includes the
maintenance of natural water bodies, riparian forests and other corridors,
vegetation retention after logging through the landscape and careful planning
of forest roads. It points to the importance of the basic design of plantation
estates in the landscape.

Increasing rotation length
Increasing the rotation length has many different effects on the provision of
habitat for biodiversity conservation. At the level of plantation stands,
increasing the production cycles:

• provides more time for initial colonization and subsequent build-up of
populations;

• permits the development of forest-interior microclimate;
• provides opportunities for the development of more complex stand

structures; and
• reduces the frequency of harvesting-related disturbances.

Many studies have demonstrated a correlation between understorey species
richness and plantation age, but this does not appear to be a linear trend. The
age effect may be confounded with stand density, but this has not been
demonstrated. For example, understorey species richness increased with age in
pine and eucalypt plantations in South Africa (Geldenhuys, 1997). It was
suggested that increased heterogeneity of light conditions as the stand ages
may, at least in part, explain this relationship. In contrast, in Douglas fir
plantations in Oregon, a decrease in light availability as the stand aged
appeared to reduce understorey species richness (Schoonmaker and McKee,
1988). Species richness peaked at 20 years and then declined as the canopy
closed over the following 10 years. A non-linear age trend of understorey
diversity, following stand developmental phases, was described by Kirby
(1988) for plantations on old woodland sites in Britain. Species richness of
ground flora initially peaked prior to canopy closure, declined during canopy
closure and the associated thicket stage and then increased after the stands
thinned. Kirby (1988) suggests that this pattern is not only attributable to
competition for light but also to competition for below ground resources. In
other studies, late-successional species increased as plantations aged
(Schoonmaker and McKee, 1988; Keenan et al, 1997; Ogden et al, 1997).

At the landscape scale, increased rotation length reduces the proportion of
areas that are clear-cut or carry very young plantations. This in turn also
increases the percentage of ‘mature’ plantation habitat and the connectivity
between these patches over time. Similar results have been found for fauna as
for understorey vegetation in relation to plantation age. The species richness of
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Chrysomelidae (leaf beetles) was higher in old than in young Japanese larch
plantations (Ohsawa and Nagaike, 2006), and Hanowski et al (1997) found
that the richness of bird species communities increased with the age of poplar
plantations.

Since the rotation length of plantations is usually set to optimize economic
performance, which is closely linked to the culmination in mean annual
increment or the culmination in value increment, an extension of rotation
length will, in most cases, have negative economic consequences. Likewise the
retention of other structural elements may incur costs or reduce revenue. If
these measures to increase plantation biodiversity were not voluntary but were
imposed on landowners, some form of compensation would be required.
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Box 5.2 Understorey plant species richness in plantations

To assess the influence of plantation age and climatic variables on species richness
of understorey vegetation, we compiled a data set from 35 published studies.
Where available, the following data were entered for each study: study region,
mean annual temperature, annual precipitation, plantation species, age of the
plantation, shade-tolerance ranking of plantation species (tolerant, intermediate,
intolerant), floristic species richness either per plot or total and the percentage of
exotic understorey species. Multiple linear regression models were fitted to explain
the variation in the dependent variables: total species richness, plot species richness
and percentage of exotic understorey species. For this analysis it was assumed that
the plot size used in each study was appropriate to measure species richness at the
site in question and thus that plot species richness was comparable between
studies. Annual precipitation and stand age explained 57 per cent of the variation
in species richness. Similarly, annual precipitation and stand age explained 37 per
cent of the variation in the natural log of plot species richness. 73 per cent of the
variation in the percentage of exotic understorey species was explained by mean
annual temperature, annual precipitation and stand age.

Our statistical models predicted that plot-based species richness decreased with
age and total species richness would increase with age. This apparent contradiction
is not surprising given that species richness does not appear to increase or decrease
in a linear fashion over time but may actually peak multiple times in the life of a
stand. However, if we consider plot species richness a measure of small-scale
diversity and total species richness a measure of large-scale diversity, the results are
not contradictory at all. It is possible that small-scale diversity decreases with time
because it is more influenced by microsite heterogeneity during the stand initiation
phase when competition is low. The influence of this microsite heterogeneity will
decrease over time as organisms expand and outcompete their neighbours. On the
other hand total species richness may be more influenced by larger-scale processes
at the stand level.

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 124



Conclusions

In this chapter, we explored the interactions between biodiversity and
plantations in two different ways. First, we discussed the relationships between
tree species diversity of plantations and ecosystem functioning, which is the
basis for the provisioning of ecosystem services. Second, we reviewed the
influence of silvicultural management on the provision of the habitat function
in plantations. Both parts are concerned with silvicultural choices, this includes
the decision about which species to plant and whether, or how, to mix them.

The first part has shown that managing for higher tree species diversity
within plantation stands has the strong potential to increase a number of
ecosystem functions and hence the provision of ecosystem goods and services.
However, the reasoning for this has been based on much ecological theory but
on only a few concrete experiments in forest plantation systems. Here, most of
the evidence comes from mixed stands of two or a few species. These show
that the perceived benefits of polycultures are not being realized in every
situation, and that there may also be trade-offs between the effects of mixing
trees, for example achieving higher ecosystem productivity at the cost of higher
water consumption. The outcomes of mixing tree species are often not
diversity effects per se but depend on the particular combination of species. In
addition, mixing the same combination of species may have very different
outcomes depending on site and resource availability. Thus it is very difficult
to predict the performance of mixed or diverse tree species plantations at a
particular site without prior experimentation. This is likely to be one of the
reasons for the low uptake so far of mixtures in plantation practice, despite the
long and strong interest in mixed stands in the research community.

The way forward in this regard could be to follow a number of
complementary approaches. On the one hand, it is necessary to develop an
experimental basis to answer questions regarding tree species diversity and
ecosystem functioning, as is currently under way in some parts of the world
(e.g. Scherer-Lorenzen et al, 2007). On the other hand, greater research effort
should be invested in identifying and quantifying the effects of functional traits
of tree species on certain ecosystem functions and on their compatibility for
growing in mixtures. This will reduce the risk of trying new species
combinations. These points should not only be followed with regard to tree
species mixtures, which were the focus here, but also for mixtures of trees with
other growth forms, such as shrubs or palms that provide particular ecosystem
goods (e.g. Hiremath and Ewel, 2001).

In addition, the low uptake of mixed-species plantations may also be
attributable to the fact that surprisingly little of the ecological literature and
body of knowledge on the relationships between biodiversity and ecosystem
functioning has transgressed into the silvicultural knowledge of plantation
management. This may have to do with traditions of and barriers between the
disciplines (Puettmann et al, 2008). However, there are promising signs that
ecologists are increasingly working on production ecosystems and also on
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issues related to private land (e.g. Norton, 2000) and that ecosystem
functioning and related services are coming more often into the focus of
silviculturists (Puettmann et al, 2008).

A further impediment to the establishment of mixed-species stands is likely
to be the additional investment into the knowledge base that underpins the
domestication and cultivation of tree species. The amount of basic and applied
research that has been carried out to provide the knowledge base for some of
the widely cultivated plantation species is enormous (e.g. Burdon, 2001).
Adding new tree species to plantation systems would require a large research
effort. The costs of this would have to be outweighed by the perceived benefits
such as increased productivity or increased resiliency, which are of direct
benefit to the plantation owner. However, additional benefits to society
through improved provision of other ecosystem services should be factored
into the equation. Valuing these services and more importantly the
development of mechanisms to reward plantations owners for their provision
might pave the way for more plantation diversity.

The second part of this chapter dealt with the habitat function of
plantations and how this can be influenced by silvicultural management,
mostly at the stand level. It demonstrated that the silvicultural tools and
options exist to influence the provision of habitat from plantations. For the
habitat function of plantation ecosystems, we know in principle how they can
be manipulated, and that the methods and models exist to quantify them. The
examples provided show that even intensive production systems may be
valuable for the conservation of biodiversity. This has to be considered in the
light of ongoing discussions about the segregation vs. the integration of
ecosystem functions at the landscape level (e.g. Hartley, 2002; Sayer and
Maginnis, 2005).

There are a number of ways in which plantation management can be
modified to accommodate a higher level of biodiversity. However, at the
operational level of plantation management, important questions still have to
be addressed. First, realistic conservation goals have to be set for the particular
situation. These will depend largely on the landscape context of plantations
and whether species-specific conservation efforts are required. Second, for the
specific local situation, it needs to be ascertained what the trade-offs are
between implementing these measures and achieving the main goals of
commercial plantations, or which biodiversity benefits can be strived for
without impacting on the main goals of plantation management.

One very important approach for optimizing the biological value of
plantation landscapes is by better landscape design and management of areas
set aside for conservation. This has not been dealt with here, but has been
subject of other work (e.g. Lindenmayer and Franklin, 2002). Its impact will
be greatest for plantations that are to be established. Embedded in a multi-
scaled approach, which considers landscape issues at a higher spatial scale,
many options exist at the stand level to enhance the provision of habitat
through increasing structural complexity, species mixtures, prolonged
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rotations and alternative site preparation. In practice, and this review has
pointed to many examples, the provision of many ecosystem goods and
services may be greatly enhanced at little additional cost, if an awareness of the
effects of these practices has been created.
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6
Smallholder plantations in the
tropics – local people between

outgrower schemes and
reforestation programmes

Benno Pokorny, Lisa Hoch and Julia Maturana

Introduction

While natural forests in the tropics continue to disappear at unabated speed,
plantations gain increasingly in importance for providing environmental goods
and services (Varmola and Carle, 2002; Evans and Turnbull, 2004; Homma,
2005; Bacha, 2006). Many countries in the tropics have set up afforestation
and reforestation projects to improve degraded forest lands, fight
desertification, prevent soil erosion and maintain water quality (Blay et al,
2004; MINAG and INRENA, 2005; Chokkalingam et al, 2006). As
plantations promise high yields with simple technologies (Homma, 2005;
Almeida et al, 2006), for decades governments and development organizations
have been investing in exploring the potential of plantations for smallholders
(UN, 2002; Chokkalingam et al, 2006). These efforts have included social
programmes in large plantation companies, so-called outgrower schemes
(Mayers and Vermeulen, 2002; Wightman et al, 2006) as well as the
promotion of plantations managed by smallholders themselves.

So far, experiences from smallholder plantations have not fulfilled the high
expectations. For example, many of the smallholder plantations established by
social forestry projects since the late 1970s in tropical Asia and Africa to
produce fuelwood and fodder no longer exist (Pandey and Ball, 1998). In the
Philippines, plantations established a century ago still have not produced
marketable products (Chokkalingam et al, 2006). Technically successful
plantation programmes benefiting companies have affected local communities
negatively by excluding people from former forest fallows, which were
important for grazing livestock and as a source of wood and non-wood forest
products (NWFP). Conflicts between plantation companies and displaced
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smallholders are commonplace in many areas of the world (Carrere, 1998;
Mattoon, 1998; Eraker, 2000; Barr, 2001). Social conflict is expected to rise as
plantation areas and human populations increase (WRM, 1999; Nawir et al,
2007).

In this chapter, we review the literature and empirical information from
South America, Asia and Africa and present our field data collected in the
Amazon region to contribute to a better understanding of the potential of
plantations for smallholders living in the rural tropics. First, this chapter
outlines common smallholder categories as a point of reference for analysis.
Subsequently, plantations are classified by establishment scheme to structure
the discussion of processes and consequences of plantation development
perceived by smallholders. Then, the potential of plantations for smallholders
is analysed focusing on programmes and projects typically promoted by
national governments and international donors in cooperation with non-
governmental organizations (NGOs), but also on outgrower schemes
promoted by pulp companies (FAO, 1998). Based on these findings, the
conditions for the success of smallholder plantations are discussed, and
existing potentials compared to those of traditional tree growing schemes. We
conclude that the significant advantages of locally developed low-input
systems for growing trees should be considered more closely in external
initiatives for local development.

Smallholders in the tropics: demands and capacities

In keeping with the general goal of poverty alleviation as stated at the world
summit in Johannesburg in 2002 (UN, 2002), we use the term smallholder for
people living in the rural tropics who own small areas of land that they
cultivate for subsistence or commercial purposes, relying principally on family
labour. In our simplified analysis, we distinguish between two idealized
smallholder types: traditional communities and individual farmers.

The traditional communities described here have a long tradition of land
use. In addition to smaller, individually managed properties, they often have
common access to forest areas. In the Amazon, for example, the communities
may own up to several thousand hectares of land (D’Antona et al, 2006).
Often, these communities show an elevated level of social organization, which
facilitates the common use of resources (Chibnik and de Jong, 1989). In many
cases, the communities have developed diversified production systems
incorporating both agricultural and forested land use. Extensive slash and
burn systems combined with smaller, more intensively managed patches of less
than 1ha are typical. The collection of forest products, in particular fire-wood
and NWFP including hunting is important. Traditional communities tend to
live in remote, still-forested landscapes with a low level of infrastructure. Far
from urban centres and markets, livelihood strategies are based mainly on the
use of accessible natural resources. They may also sell products at local
markets. The flexibility to respond to changing environments or emergencies
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is an important feature of their production systems. Ecologically stable
landscapes are fundamental for maintaining the productive potential of their
land use systems. Families have little access to capital, and are widely excluded
from markets and public services. Consequently, the families are extremely
interested in cash income or employment opportunities. Furthermore, better
access to quality community services, particularly health and education (UN,
2008), is essential. In particular, those communities located in remote areas
require protection from external interest in their resources (RRI/ITTO, 2009).

The term individual farmers refers to farmers working individually in
family units who focus on the cultivation of agricultural crops for local
markets. They usually manage smaller plots than traditional communities.
Often they have acquired land through initiatives promoting large settlements
or individual efforts to improve their quality of life (Marquette, 2006). They
are located in already fragmented landscapes with adequate infrastructure and
connection to markets. Some families also have a complementary off-farm
income. Forest use supplements agriculture. The economic status of families
depends mainly on the markets for their agricultural products and,
consequently, varies from year to year (Marquette, 2006). As they are more
self-reliant, their social safety net is weaker than that in traditional
communities, and depends on the degree of organization into cooperatives. In
some cases, such organizations have managed to negotiate individual farmers’
interests effectively in areas such as transport, credit and technical support.
Farmers participate in the market economy and have access to community
services such as schools and health care. However, they do not have capital
available for larger investments. Like traditional communities, they are
interested in cash income, better access to better quality services and they rely
on ecologically stable landscapes for maintaining their production systems. An
effective and flexible use of their relatively small properties is crucial. Due to
the seasonality of agricultural production, additional income opportunities are
important, especially in the rainy season.

Other important categories of rural populations, in particular landless fami-
lies and indigenous groups are considered only indirectly. To a certain extent,
statements about individual farmers may apply to landless farmers/families who
are often involved in the cultivation of others’ land, while lessons learnt about
traditional communities to a certain extent may be valid for some indigenous
groups.

Plantations and tree-related production systems 
of smallholders

According to FAO (1998), plantations are forest stands established through
afforestation or reforestation by planting (or seeding) introduced species or
one or two native species in intensively managed stands. In a broader sense
plantations also include all the trees that people grow. To refine this definition
in the context of smallholders, we classified plantation types according to
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establishment schemes in terms of establishing, maintaining and using the trees
(Table 6.1). Typical features of these establishment schemes as well as the
principal implications for smallholders are described below.
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Table 6.1 Classification of plantations and tree-related production systems

Size Species Technologies Production goals Growers

ENTERPRISE-INITIATED
Fast-growth fibre plantations
Up to 10,000 Exotic fast-growing Sophisticated Fibre (mainly pulp Companies,
hectares species1 (more than for paper and boards) entrepreneurs

10m3 per ha per yr)

Timber, wood and non-wood forest products (NWFPs)
Up to Domestic high-value Medium Timber, wood and Entrepreneurs,
thousands of timber species, firewood, fruits companies,
hectares NWFPs,2 less exotics1 estate

Outgrower schemes (mainly fast-growth and fruits)
up to 20ha Exotic fast-growing Medium Fibre Smallholders 

species or NWFPs in cooperation
with
companies 

DONOR (GOVERNMENT AND NON-GOVERNMENT)-INITIATED
Reforestation programmes
Up to 100,000 Preferential domestic Low–medium Protection of erosion, Public
hectares species, varying in water (quality and institutions,

accordance to geographic floods) and smallholders
conditions, plus some biodiversity
exotics 

Agroforestry systems
Up to 20ha High-value timber species, Medium–high Timber, firewood, Smallholders,

firewood, NWFPs, as well forage, rubber, fruits, medium 
as legumes and rattan, bamboo, farmers
shadowing tree species medicinal plants 
in combination with 
agricultural crops 

Credit programmes for entrepreneurs
Up to several High-value timber species, Low–medium Private income, Medium to 
hundred firewood, NWFPs raw material big farmers
hectares 

Less than 5ha High-value timber species, Low–medium Private income Smallholders,
firewood, NWFPs medium

farmers

Experimental plantations
0.1ha up to Native species, Medium Knowledge Research 
a few hectares agroforestry systems institutions,

smallholders
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Enterprise-initiated
Private investors, such as large pulp companies, sawmills or fruit companies,
promote enterprise-initiated plantations, which are often subsidised because
they are expected to create economic development opportunities for rural
areas. For example, many existing pulp plantations established in Brazil
between 1966 and 1988 received federal support (Fiscal Incentives for
Forestation and Reforestation – PIFFR), and the plantation boom in countries
such as Uruguay and Chile in the 1990s was encouraged by massive
international funding. In addition to direct payments, subsidies included road
construction, finance and reduced taxes, often by up to as much as 50 per cent
(Cossalter and Pye-Smith, 2003; Nilsson, 2003; Bacha, 2006).

Generally, two types of plantations can be distinguished in this category:
fibre plantations and plantations for timber and NTFPs.

• Plantations established for the production of fibre for pulp are initiated
mostly by medium- to large-sized companies, including estate management
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Table 6.1 continued

Size Species Technologies Production goals Growers

SMALLHOLDER-DRIVEN

Production forests
Up to 20ha High-value timber species, Low timber, firewood, Smallholders

firewood, NWFPs rubber, fruits, rattan,
bamboo, medicinal 
plants 

Agroforestry systems
Usually between High-value timber species, Low timber, firewood, Smallholders
0.5 and 5ha fire-wood, NWFPs, as well forage, rubber, fruits,

as legumes and shadowing rattan, bamboo,
tree species in combination medicinal plants 
with perennial crops such 
as coffee, cacao etc.

Homegardens
0.1–10ha Multi-use domestic tree Low Multi-use for Smallholders

species subsistence; seldom 
commercialization 

Growing of single trees
Single trees Multi-use domestic tree Low Multi-use for Smallholders
(few up to species subsistence, financial 
several reserves
thousand trees) 

1 e.g. Pinus radiata, Pinus patula, Pinus merkusii, Araucaria augustifolia, Copressus spp.; Eucalyptus spp.; Acacia
mangium, Acacia spp.

2 e.g. Heva brasilliensis; Cryptomeria japonica; Chamaecyparis obtuse; Lavix leptolepis; Ginelina arborea,
Paraserienthes falcataria
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companies (Cossalter and Pye-Smith, 2003). Rotation periods are short,
and vary from 4 to 15 years. The plantations are managed with
sophisticated technologies such as polytube systems, single-cell container
systems, intermediate treatments and mechanized harvest operations. Most
companies produce their own seedlings, sometimes up to 50 million per
year (Maturana, 2005). The control and prevention of fire and disease is
highly important and is handled by specialized departments.

• Plantations for wood and NTFPs are initiated by larger companies,
individual entrepreneurs, as is the case for the coffee (Coffea) and cacao
(Theobroma cacao) plantations in Africa, Latin America and Asia (Rice
and Greenberg, 2000; Baffes et al, 2004), as well as estates, for example
many of the rubber (Hevea) plantations in Asia (Ali et al, 1997). These
plantations vary significantly in size (from small patches of less than 100ha
up to thousands of hectares) and in the level of technology and
organization depending on the product and socio-environmental
conditions. Mostly, the technology used is less sophisticated than in pulp
plantations.

For local people, employment opportunities are the most important benefit
from this kind of plantation. However, such opportunities are often limited to
unqualified labour during seasonal peaks, sometimes only for a few weeks
each year. In comparison with other land uses the employment levels are
relatively low and rarely exceed 1–3 direct and a further 1–3 indirect jobs for
every 100ha planted (Cossalter and Pye-Smith, 2003; Schirmer and Tonts,
2003; WRM, 1999; Aracruz, 2001; WBCSD, 2001). In particular, Forest
Stewardship Council (FSC)-certified enterprises provide good working
conditions, often accompanied by the provision of education and health
services. A few companies also run programmes to provide these services to
local families living near the plantations. To simplify, the social impact of pulp
plantations depends on two key factors: population density and former land
uses. Both are influenced by a third parameter: the soil fertility (Figure 6.1).
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Figure 6.1 Social effects of enterprise-initiated plantations
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If population density is high and plantations have replaced natural forests,
local impacts tend to be more negative because, compared to original land
uses, the plantations provide relatively few jobs, generate locally irrelevant
products for export and tend to diminish the environmental quality of the
landscape. Even deforested land provides essential goods and services to locals
and tends to achieve a higher environmental value in the course of secondary
succession. This is even more relevant as commercial investors generally avoid
planting on strongly degraded soils for economic reasons. Furthermore, in
populated areas, the probability of conflict over land tenure is always high.
Indirect benefits to local people are confined to improved main roads, since
investments in health and education are normally restricted to employees. If
population density is low, the social balance of plantations tends to become
more positive. But conflicts with traditional land-use practices and property
rights remain probable, and plantations also limit the future options for local
smallholders for a long time. Nevertheless, although the effects of plantations
on local people may occasionally be dramatic, they are mostly indirect and
often irrelevant. Any benefits are basically limited to the relatively low number
of employees.

Outgrower schemes
First implemented in South Africa during the 1960s by pulp industries to
guarantee the availability of raw material (see Box 6.1), outgrower schemes
became important as a mechanism to soften existing conflicts with local
communities about resource access, land tenure and the effects of
environmental damage (Desmond and Race, 2000; Cyranoski, 2007).
Outgrower schemes are production partnerships encouraging smallholders
to grow trees on their own land as a source of raw material for industry.
Generally, the company offers technical and financial support to establish
and maintain the plantation, and ultimately purchases the products from the
smallholder. In some cases the company also provides marketing and
production services. The two most typical products of outgrower schemes
are pulpwood and fruit. Outgrower schemes are usually established in areas
with good infrastructure, clearly defined land tenure and favourable
environmental conditions, and provide attractive income opportunities for
the farmers (Mayers and Vermeulen, 2002; Nawir et al, 2002; Vidal and
Donini, 2004)

Donor-initiated
In many regions of the world, international and national donors, in
collaboration with governmental extension agencies and NGOs, support tree
planting by donating tree seedlings, providing training courses, technical
advice in the field and, in some cases, financial support, for example in the
form of favourable loans or as payments for local working input. Donors
commonly support reforestation programmes for environmental purposes as
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well as agroforestry projects with a social emphasis.
Reforestation programmes focus on environmental goals, such as the

rehabilitation of degraded land to ensure water quality and prevent erosion.
Yet production also plays a role. Such programmes are established mainly by
governments and/or environmental NGO initiatives, or are legally enforced
(Thacher et al, 1996; Sayer et al, 2004; MINAG and INRENA, 2006;
Ministerio del Ambiente, 2006; Nawir et al, 2007). In the attempt to generate
relevant outcomes, reforestation programmes tend to cover huge areas.
Administration units are established temporarily to coordinate finances and
logistics. Smallholders may become involved in the planting operations, and
often in activities for fire control and other protection issues. To attract the
interest of landowners, the incentives for participation are limited, often to the
provision of plants and technical assistance free of change. Depending on the
former land use and land rights, local people may receive monetary
compensation (Almeida et al, 2006).

Agroforestry projects aim to produce both forest products and agricultural
crops while maintaining soil fertility (Dubois, 1996; Pattanayak and Mercer,
2002; Puri and Nair, 2004). International donors, particularly in collaboration
with NGOs, promote agroforestry projects as an opportunity to improve local
livelihoods while providing environmental benefits (UNDCP, 1997; Vivan et
al, 2002; Browder et al, 2005). Agroforestry systems can include a wide variety
of tree species, including trees for the production of forage, fruits, rubber,
timber or firewood as well as trees for the provision of shade or to support
other plants, or those planted mainly for environmental purposes. Normally
trees are planted at wide spacings to allow the cultivation of agricultural crops
below. Trees may also be planted in lines on the edges of agricultural fields, as
for example teak trees in Indonesia (Maturana, 2006). Some agroforestry
techniques have a long tradition in the tropics (Wiersum, 1982; Nair, 1987).
Although agroforestry systems are explicitly designed for smallholders, most of
them are technically sophisticated (Box 6.2) and demand drastic changes in
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Box 6.1 Outgrower schemes

Well-documented examples of outgrower schemes are the pulp companies Mondi
and Sappi in South Africa. Here, around 10,000 smallholders grow Eucalyptus spp.
on areas between 1.5 and 2.7ha in rotations of seven years. The companies provide
seedlings, credit, fertilizer and technical assistance, and ultimately acquire the
harvest for pulp production. The outgrowers receive payments before planting and
after successfully completing each operation specified in the production
programme, such as marking, ploughing, pitting, planting, fertilizing, weeding and
fire protection. The money paid to the outgrower after completing each operation
is essentially a loan advanced against the value of the final product (Mayers and
Vermeulen, 2002). In the year 2002, outgrowers produced about 10 per cent of the
two companies’ mill consumption (Hall, 2003).
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land-use practices from the farmers (Hoch, 2009).
Principally, initial and continuous support strategies can be distinguished
(Hoch, 2009). A key element of initial support strategies is the distribution of
tree seedlings produced in large nurseries. Initial support initiatives often
provide technical guidelines, occasionally technical assistance and, in a few
cases, financial incentives for planting. Support, however, is confined to the
establishment phase. Most reforestation programmes fall in this category.
Other organizations, often those involved in agroforestry projects, provide
more continuous support through to the commercial phase. These continuous
support initiatives normally manage to establish personal contacts with the
families and often provide better-qualified assistance. Local demonstration
plots are often set up and, in some cases, local people are engaged as extension
agents. However, this more intensive support tends to concentrate on few,
easily accessible families who often are economically better off.

Several governments and banks also support plantations with specific
credit programmes. These initiatives usually have a commercial focus, and the
funding agencies expect a financial return (Teixeira, 2005; Bacha, 2006).
Nevertheless, in addition to offering favourable conditions to smallholders,
they may also provide technical assistance. Frequently, these programmes are
bureaucratic with relatively high transaction costs (Cacho et al, 2005).
Consequently, this option is more appropriate for small entrepreneurs. Often
donors combine rehabilitation and commercial goals in the expectation of
creating win–win situations in so-called integrative projects (Box 6.3).
Currently, the evolving CO2 market generates significant additional resources
for this type of initiative (Montagnini and Nair, 2004; Larsson et al, 2007).
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Box 6.2 The ‘Götsch’ agroforestry system

The agroforestry approach developed by Ernst Götsch in subtropical north-eastern
Brazil has been adapted widely by several development projects in South America.
The principle of the Götsch approach is to make use of natural succession dynamics
to achieve an abundant and diverse production while maintaining soil fertility
without fertilizer and chemical use and without the need to fight disease or pests.
Priority is given to a wide range of annual and perennial food crops and fruits
adapted to the specific local ecological conditions. The tree component is less
important. Typical crop species are rice, corn, beans, tomato, manioc, papaya,
banana, cacao, coffee, citrus trees, palms and legumes as well as mahogany and
other high-value timber species. All species are planted at high densities to respond
effectively to all niches in the ecosystem. When the growth of one species declines
another species take over. Weeding occurs selectively. Regular pruning adds more
organic material to the system and regulates the light available for the development
of different plant groups. The system is expected to contribute to the long-term
stability of the ecosystem and the maintenance of biodiversity while also providing
continuous opportunities for cash income. The Götsch system requires considerable
expertise (Milz, 1998).
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Smallholder initiatives
Smallholders also grow trees on their own initiative in small tree plantations
from less than one up to a few hectares (Smith et al, 1996; Rice and Greenberg,
2000), yet more frequently in agroforestry systems, homegardens or singly.
Plantation products may contribute to household subsistence, or are sold on
local markets. In comparison with the externally motivated establishment of
plantations, the number of planted trees per hectare is generally much lower.
Often smallholders use naturally regenerated trees (Peck, 1982; Nair, 1987;
FAO, 1998; Kleinn, 2000; Pinedo-Vasquez et al, 2001; Hoch et al, 2009). The
following paragraphs describe the main types of tree growing initiated by
smallholders.

Production forests are typically established by smallholders able to invest
some capital, and who have sufficient land and time available. They are also
motivated by the existence of attractive markets for the tree products.
Consequently, many initiatives tend to originate from local industries with a
high demand for forest products, as for example the teak plantations in Java
(Maturana, 2006) or occasionally from access to national or international
markets generally encouraged by traders or NGOs. These plantings nearly
always require low input and are technically poorly managed. Therefore
productivities are low and growing periods relatively long. Normally the trees
provide a minor complementary source of income, or are used for non-
commercial purposes.

Agroforestry systems initiated by smallholders reveal a significantly lower
level of complexity compared to those usually promoted by development
organizations. In the absence of technical and scientific expertise. Smallholders
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Box 6.3 Smallholder credits for reforestation in Vietnam

The cooperation between the Vietnamese government and the German financial
organization (KFW, development bank) addresses the issue of deforestation and soil
erosion in north and central Vietnam with an innovative afforestation model. The
concept is based on participation, private sector initiative, quality monitoring and
focuses on income generation for poorer households. Based on participatory land-
use planning, interested farmers are provided with plots of a few hectares for
afforestation. During the non-productive period before the first harvest, the farmers
are supported in kind (seeds, equipment, etc.) as well as by training and extension
services. In addition they receive direct payments according to their individual
performance with the production plan. Therefore the donor establishes saving
accounts for each farmer at the Bank for Agriculture and Rural Development, from
which they receive payments in keeping with the results after regular external
monitoring. The cooperation has implemented five afforestation programmes
costing €38 million in total. In view of the first successful experiences, the
reforestation of more than 100,000ha for the benefit of about 65,000 households
is planned in future (Kuchelmeister and Huy, 2004).
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pragmatically adapt traditional strategies, as for example slash and burn
agriculture in the tropics (Hecht, 1982; Miller and Nair, 2006). Here, trees and
forests are used mainly for soil improvement while growing forest products
plays a minor role. Yet many indigenous and traditional communities have
developed quite sophisticated permanent agroforestry systems (Padoch et al,
1985). Agroforestry systems combining perennial crops with trees are widely
distributed (Box 6.4). In these systems, trees, while providing products for
subsistence and markets, are planted mainly for the provision of shade
(Mussak and Laarman, 1989, Ramirez et al, 1992; Neto et al, 2004).

Box 6.4 Agroforestry systems initiated by smallholders

Along the Trans-Amazonian highway in Brazil, where families in the late 1970s
received plots of 100ha, some farmers have developed lucrative agroforestry
systems. Apart from cultivating annual crops for their own consumption, farmers
began cultivating perennials; mainly cacao and also coffee and pepper on a small
scale. Guided by the Brazilian Research Institute for Cacao (Comissão Executiva de
Planejamento da Lavoura Cacaueira – CEPLAC), farmers planted exotic leguminous
trees in the cacao fields for the provision of shade. One farmer began experimenting
with planting high-value timber trees such as Swietenia macrophylla King, Cedrela
sp. and Tabebuia sp. Motivated by the excellent performance of these experiments
and expecting attractive prices for high-value timber, other farmers also began to
plant up to 100 trees per hectare in their cacao fields, applying different species
composition and planting densities. Over time, the natural regeneration of high-
value tree species became an important feature of local cacao production systems.
Generally the preferred trees are expected to achieve target diameters in 20–50
years. Due to the success of the system, it was adapted by CEPLAC for more
widespread use (Teixeira, 2005; Hoch, 2009).

Homegardens are intensively managed areas around houses consisting of trees
cultivated together with annual and perennial agricultural crops and livestock.
Homegardens are commonly found throughout the tropics. The average size of
a typical homegarden is less than 0.5ha, with large numbers of tree and
herbaceous species in a multi-strata arrangement. Although there is
remarkable similarity in the type and nature of herbaceous crops among
homegardens globally, the tree species change according to environmental and
socio-cultural factors. The vast majority of homegardens are for subsistence.
However, in more densely populated regions especially, and if local markets
offer sufficiently attractive prices, as for example in the case of rubber in Java,
smallholders use homegardens as a complementary source of income.
Generally homegardens produce relatively low but continuous yields, and
provide high flexibility at low risk (Fernandes and Nair, 1986; Kumar, 2006;
Miller et al, 2006; Mohan et al, 2006).
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Commonly smallholders grow single trees of species with domestic or
commercial value on their land using a wide range of technologies (Alcorn,
1990; Budowski, 1990; Byron, 2001; Hoch et al, 2009) such as planting,
transplanting and promoting or simply tolerating natural regeneration
(Alcorn, 1990; Peck, 1990; Sears et al, 2007). In the Ecuadorian Amazon, for
example, two-thirds of the trees found in coffee fields and in pasture originated
from natural regeneration (Ramirez et al, 1992). While fruit trees generally
play an important role, many farmers also consider slow-growing but valuable
tropical hardwood species such as mahogany or tropical cedar (Browder et al,
1996; Smith et al, 1996; Pichon, 1997; Simmons et al, 2002; Almeida et al,
2006). The trees, normally grown with the agricultural crops, allow a
relatively high agricultural production during the first years. Even after 3–5
years, the production of shade-tolerant permanent crops such as cacao and
coffee can be maintained.

Plantations and smallholders

This section evaluates the potential of externally initiated characterized by a
systematic, relatively dense planting of one or a few species by exploring two
questions (Figure 6.2): first, to what extent do the benefits generated by
plantations correspond to smallholders’ demands, and second, do smallholders
have the capacity to explore these potential benefits?

Potential benefits of plantations for smallholders
In view of the smallholders’ demands outlined in the second section above, the
following sections systematically analyse the relevance of externally promoted
plantations in relation to the different benefit categories, in particular: (1) the
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Figure 6.2 Analytical framework to explore plantation potential 
for smallholders
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generation of cash income urgently needed to participate in the market
economy and to accumulate capital for investments; (2) the provision of
environmental services as a basis for maintaining fertility and the natural
capacity of smallholders’ production systems; (3) the effectiveness of using
scarce resources and the ability to respond flexibly to emergencies; (4) security
in the sense of reduced risks; and, finally, (5) the potential indirect benefits
such as improved access to education, health, credits, electricity, streets and
markets.

Cash income
Without doubt, income is one of the main expectations from the generation of
plantations for smallholders, particularly in view of growth rates of more than
20m3/ha/yr and export prices for high-value timber of up to US$500/m3

(Lentini et al, 2005). However, experiences show that, for a number of reasons,
smallholders normally do not have real opportunities to access these benefits
as they are rarely involved in value-adding processes and sell their products
mainly as raw material for relatively low prices. Financial attractiveness also
suffers from the relatively high initial investment in plants and fertilizer.
Furthermore, technical errors as well as inappropriate, or lack of, silvicultural
treatments impact negatively on the performance and growth rates of the trees.
Most critical are threats from fire, however, pests and droughts and fire, which
are very common in many tropical regions (Niskanen, 2000; Byron, 2001;
Hoch, 2009), as well as marketing risks. In fact, at the time of establishment,
the prices for plantation products are usually unpredictable due to long
production periods and the absence of relevant markets. Income generation
from perishable products such as fruits depends, in addition, on excellent
logistics and an adequate infrastructure to ensure quick sales (Shanley et al,
2002; Shanley and Medina, 2005). As a consequence Hoch (2009), in their
analysis of a selected sample of most promising plantation initiatives in the
Amazon, found that only 1 in 100 farmers successfully managed to sell the
products from their plantations and that, even in these few successful cases, the
benefits were less than half than initially expected.

Clearly, the financial attractiveness of plantations increases with the extent
to which the supporting organizations cover the necessary investments and
guarantee attractive prices for the products. For example, in some of the few
successful outgrower schemes, smallholders achieved average incomes of up to
US$130/ha/yr (Mayers and Vermeulen, 2002). This is a significant source of
income given that participating farmers manage more than 10ha. Also the
growing of high-value timber trees promises high financial returns when the
markets are adequate, as in the case of teak in Indonesia (Maturana, 2006).
Some initiatives offer possibilities for reducing initial investments. For
example, if the farmers produce their own seedlings, establishing costs may be
reduced by up to 50 per cent. As a reduction in the significant cost components
of transport and harvesting are unlikely, another common strategy for cost
reduction is to sell the standing timber or wood (Hoch, 2009). However, while

152 ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 152



enhanced local participation ensures ownership and higher flexibility, it is
often associated with the risk of technical deficiencies, which may significantly
reduce the performance of the plantation, and, in the worst case, impact upon
the success of the plantation growth.

In the case of credit programmes or payments, the most immediate benefit
to the families is indeed the availability of funds. The funding received,
however, is often invested in other land-uses or simply spend for consumption
purposes. In the long run this may provoke serious conflicts when the credit
dealers audit the application of credit funds. This situation, which is common,
derives from the tendency for plantation programmes to focus exclusively on
plantation issues, or rather from the lack of integrated approaches more
strongly oriented to existing smallholder demands, which are often directed to
other, more attractive, land-use options (Tamale et al, 1995).

Provision of environmental services
In particular in regions with little remaining forest cover and strongly degraded
soils, plantations may provide important environmental services and
contribute to ecosystem stability. In most cases, however, even highly degraded
secondary forests may provide these services effectively, especially if compared
to monoculture plantations with exotic species (Scherr et al, 2004). In
addition, secondary succession runs naturally and thus requires little or no
external input, which is an important advantage from the smallholders’ point
of view (Hoch et al, 2009).

The more degraded the soils are, and the slower the process of natural
recovery, the more positive the effect of plantations on ecosystem stability.
Nevertheless, from a financial point of view, it is generally not attractive to
grow trees on degraded soils as growth rates are slow and natural risks high.
Thus, smallholders, like large companies, prefer good soils for tree growing to
avoid high fertilizer and pesticide inputs (Hoch et al, 2009). Consequently, the
environmental contribution of plantations established for the generation of
income is potentially low and may be even negative (see Chapter 5).

Efficiency and flexibility
For smallholders, the effective and flexible application of their scarce resources
is fundamental. Plantations may provide an interesting opportunity to use
existing resources more effectively to generate additional income, thereby
improving smallholders’ flexibility to respond to market opportunities. This is
particularly true if markets for plantation products are well established and
inexpensive transport is available throughout the year. Naturally, management
options are most flexible when plantation management and sales are not
regulated by laws or agreements with potential buyers. Thus, the need for
formally approved management plans, production quota or specific
requirements on quantities, qualities or timeframes significantly reduce
attractiveness for smallholders over agriculture or (illegal) harvesting of
natural forests.
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However, plantations may also weaken the flexibility of local families, if
they replace the diverse, low-input ‘traditional’ production components at a
larger scale. A strong focus on the plantation product at the neglect of
agricultural crops can make families more vulnerable to price changes. This
may occur, in particular, when plantations are promoted strongly and
subsidized by payments and credits, and receive intensive technical support
(Hoch, 2009). In these cases, smallholders favour plantations even if they are
non-competitive compared to traditional land uses. There are several examples
where smallholders faced major difficulties in re-establishing their traditional
land-use systems after the crash of plantation markets and, in extreme cases,
even lost the basis of their livelihoods (Scherr et al, 2004). In this sense, the
production of larger quantities of only one product, as in plantations, tend to
bear other risks if compared to production of a wider array of products and
services typical for traditional subsistence oriented production systems.
Furthermore, from an ecological point of view, the cultivation of multiple
products can be more meaningful, in particular in the tropics (Mohan et al,
2006). In the extreme, if forest products can be harvested at no cost in natural
forests, investment in plantations for subsistence makes no sense at all from a
smallholder’s point of view.

Security
Tree growing may add long-term value to the land and thus contribute to the
security of future generations (Fujisaka and White, 1998). In fact, it is often
the expectation of legal recognition of traditional land and access rights that is
the principal motivation for smallholders to join development projects and
establish partnerships with environmental organizations (Medina et al, 2009).
But growing trees, in particular for high-value timber, to a certain degree also
increases insecurity as other actors may become interested in the valuable
resources. The theft of wood is an issue. If planting is undertaken collectively,
conflicts about sharing costs and benefits may arise. In extreme cases, the
supporting organizations might grab a major part of the generated benefits, as,
for example, in the cases of government agencies in India (Schmerbeck, 2003)
or some pulp companies working with unfair agreements (WRM, 1999).

Doubtless, fire, traditionally used in many agricultural systems, is the
single most important threat to plantations in the tropics. Fire is also used to
clear land and as an instrument to enforce individual interests in land tenure
conflicts or to overcome existing land-use restrictions (Goldammer, 2000). The
problem is aggravated by poor fire management regimes frequently leading to
uncontrolled accidental fires. Whereas the microclimate of primary forests
make them relatively fire resistant, larger monocultures in particular suffer
major devastation or even destruction from fires (FAO, 2001a). In Sumatra
and Kalimantan, for example, more than 10 per cent of nearly 2 million ha of
commercial plantations established since the mid 1980s were damaged by the
1997/1998 fire (FWI/GFW, 2002). For forest frontier areas in Latin America,
a fire risk of 0.5–2.0 per cent per year is estimated (Simmons et al, 2002; Hoch,
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2007). Also pests and diseases threaten plantations, in particular monocultures
in the tropics, where climate and ecosystem dynamics favour calamities of
insects and fungi. The risk increases with the size of the plantation, the rotation
cycle and, most importantly for smallholders, the invested resources. In this
sense, smallholder plantations fully financed by rehabilitation programmes, for
example, reduce smallholders’ sensitivity to risks, whereas financing of
plantations through bank credits or repayable loans may cause immense
problems to the families if the plantation is destroyed or damaged.

Pests and diseases also threaten plantations, in particular monocultures.
The tropical climate, ecosystem dynamics and biodiversity favour calamities of
insects and fungi. But, as forest plantations represent a relatively new land use
in the tropics, there is still insufficient data available for a sound risk
assessment (Nair, 2001; Cossalter and Pye-Smith, 2003). This lack of
information means existing risks are unpredictable and plantations are an
uncertain investment per se.

Finally, the social consequences of external interventions for the promotion
of plantations should be considered. For smallholders, social networks are an
important security feature as they provide basic livelihood services such as
exchange of workload, division of tasks, support in the case of emergencies as
well as employment opportunities and temporary provision of land to the
landless poor. Although local social systems are relatively resilient, they are
significantly affected by external interventions. In fact, the role of external
organizations in the development of the framework of plantation, or other
development projects provoke changes of culture, routines and traditions,
which may strengthen or weaken the family social organization (Rogers,
2003). The actual effect depends mainly on the capacity of the communities to
cope with change and challenges.

Indirect benefits
The collaboration with enterprises, NGOs and government organizations also
has a number of indirect benefits that are highly relevant to smallholders
(Medina et al, 2009). In view of the relatively strong isolation of smallholders
from information, markets and public services, a ready contact to development
and extension project agents may provide initial, or improved opportunities
for locals to access relevant information and services (Medina et al, 2009) as
well as to identify more attractive markets for their agricultural as well as
plantation production (Scherr et al, 2004). The latter is particularly relevant if
the plantation products are sold at local markets. In this sense, plantation
projects may help to establish and strengthen local networks for the
production, processing and consumption of local production as, for example,
in the known cases of firewood in Madagascar (Raik and Decker, 2007), local
timber markets in the Amazon (Pinedo-Vasquez et al, 2001) and fruits in
China (Weyerhaeuser et al, 2006).

In particular, meeting other families and communities in the framework of
plantation projects tends to stimulate the exchange of experiences and
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opinions, and may generate opportunities for becoming better organized and
more actively involved in public policies. In particular, NGOs involved in
plantation initiatives often promote the establishment of local organizations as
mechanisms for negotiation and coordination. The existence of such
associations also facilitates access to new credit programmes and other
development initiatives and as well as acknowledgement of traditional tenure
and access rights (Satterthwaite and Sauter, 2008)

In the case of outgrower schemes, smallholders may additionally benefit
from company investments in the infrastructure required to ensure access to
the new sources of raw material. To guarantee the success of the plantations
promoted, the companies normally provide intensive training and technical
support to the smallholders, which could also be useful for other land-use
activities. In donor- or government-driven plantation programmes, this
outcome is less likely as technical support is often restricted to the
establishment phase.

Requirements vs. capacities
As shown above, plantations may offer interesting benefits to smallholders. Yet
to attain these benefits, smallholders need to invest time and resources and
require specific capacities. Thus, the possibility to explore the existing
potential of plantations depends on the availability of the inputs and capacities
required. This section critically assesses the extent to which smallholder
resources and capacities correspond to those needed to develop plantations,
particularly regarding finance, land, time, technical and managerial skills, and
also analyses opportunities for balancing any discrepancies found.

Plantation requirements
Generally, plantations and agroforestry systems promoted by enterprises and
development organizations implicitly require significant investment. The
specific costs depend on a wide variety of parameters such as plantation size,
planting density, management intensity and transport distances. Table 6.2
shows cost examples for smallholder plantations in China and Australia and
provides comparative data about smallholder-driven tree-growing initiatives
from a case study at the Amazonian highway.

Table 6.2 shows that the establishment of a plantation requires a
significant investment. These costs vary strongly in relation to the type of
nursery, transport distances, soil quality (need for fertilizer) as well as the tree
species grown. Generally, seedlings from exotic tree species are less expensive
than those from domestic ones as they are produced in smaller quantities often
with more basic, less effective technologies. Along the Trans-Amazonian
highway, for example, mahogany seedlings were sold for US$1.40 per seedling
whereas 100 eucalypt seedlings cost less than US$10 in 2009 (Hoch, 2009).
The cost of site preparation and planting in regular planting schemes is directly
proportional to the size of the area planted. The application of fertilizer in fast-
growing plantations is mandatory, even on fertile soils. For optimal growth,
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plantations require intensive treatments such as pest management, regular
fertilization, thinning and pruning, which over the years also involve major
costs. Finally, harvesting and especially transport are also costly. As a
consequence, the total costs for establishing, maintaining and harvesting a fast-
growing plantation may easily reach US$2000 per ha.

The management of forest plantations is time consuming, especially during
the establishment phase and at the end of the production cycle. Compared to
large companies, smallholders’ working input per tree is even higher as they
work without machinery, and opportunities for the specialization and division
of work are limited. Generally, the work input per tree increases with smaller
areas, lower mechanization and the need for individual treatments. Hoch,
2009 estimate, from their study in the Amazon region, that smallholders need
about 60 days to establish one hectare of plantation for the production of
timber and/or cacao, which involves site preparation, producing and planting
500 seedlings as well as weeding in the first year. Just watering the seedlings in
the nursery requires more than one hour per day over several months. The
same study concluded that, in view of this time input, farmers are able to
establish a maximum of up to 2ha of plantation per year with the family
workforce. Larger areas require (costly) external labour. During the two years
subsequent to the establishment of the trees, weeding sometimes needs to be
conducted four times to ensure the survival and growth of plants, which easily
may aggregate to another 20–28 working days per hectare. Once the trees are
tall enough to withstand the competition from secondary vegetation, the time
input reduces significantly for most plantation types. However, for the
production of high-value timber, for example, continuous silvicultural
treatments such as thinning and pruning are necessary. The work input for
harvesting depends on the product, the cutting diameter and degree of
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Table 6.2 Expenditures for plantations (excluding land costs)

Activity Commercial plantations Tree growing  
Chinaa Australiab Amazonian highwayc

Activities US$·ha-1 Activities US$·ha–1

Establishment Plants, site preparation, 619 1346 own workforce 65
planting, 3 fertilizer 
applications and plants bought and 
weed control planting 200

Maintenance Fertilizing, weed 319 226 included in 
control and thinning agricultural treatment 0 

Harvesting Cutting and skidding 1000 not available cutting and skidding 300

Transport Up to 50km 5000 not available up to 50km 5000 

a Eucalyptus spp., 7 years rotation; data adapted from Xu (2003)
b Eucalyptus spp., 30 years rotation; data adapted from Heathcote (2002)
c 100 trees per ha, 20–50 years rotation, data adapted from Hoch, 2009
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mechanization. Generally, harvesting of NWFP is more time intensive. In
cupuazú plantations in Bolivia, for example, around 2–3 hours per day and ha
are required to harvest the fruits over a period of 3–4 months a year (Hoch,
2009).

As mentioned above, plantations need to be established on fertile soils and
on relatively large areas to ensure adequate productivity and a reasonable
cost–benefit ratio. This is particularly true for products with relatively low unit
values such as pulpwood. Planting on less fertile soils leads to sub-optimal
growing conditions and demands investment in amelioration and fertilization,
negatively affecting the financial attractiveness of plantations (Hoch et al,
2009).

In addition, specific technical skills are needed to manage plantations
adequately, including activities such as the selection of seeds and plants, the
treatment of seeds and seedlings, managing nurseries, thinning and pruning
and harvesting. The management of plantations is also an organizational
challenge and requires long-term planning and the proper organization of
work. The treatment of seedlings in the nurseries, planting, the application of
fertilizer, pest control and silvicultural treatments need to be carried out
properly in clearly defined timespans. Also critical is the challenge of
negotiating with external agencies for setting up the terms of cooperation and
marketing is most critical (Scherr et al, 2004). In the case of outgrower
schemes, the terms of cooperation are often pre-defined by the company
(WRM, 1999; WBCSD, 2001). Agreements with traders and companies also
may include the need to achieve certain quality standards as well as the
delivery of certain quantities in pre-defined timeframes (Pokorny and Phillip,
2008). Often, the participation in plantation programmes, particularly if
related to the transfer of resources, requires that families establish associations,
which signifies another organizational challenge.

Smallholders’ capacity to respond to plantation challenges
Many of the requirements listed above potentially exceed the financial,
technical and human capacities of smallholders. In view of the notorious lack
of readily available capital of poor families in the rural tropics (Byron, 2001;
Sunderlin et al, 2005), the financial requirements represent the major
limitation. Exceptions may be found within settler families with successful
enterprise backgrounds, or those with capital from recent land sales. However,
these families often act as small entrepreneurs systematically investing in the
expansion of production areas and employing an increasing number of locals
from outside their families (Godar, 2009).

The time requirements may also be unsuited to smallholders’ capacities,
since smallholder families have a full annual work calendar indicated by the
fact that children are often heavily involved in production activities. The work
pattern is determined by rhythm of nature with frequent work peaks when
planting and harvesting agricultural crops. Nevertheless, there are also less
intense working periods, normally during the rainy season, and also work-free
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periods as most work is carried out in the early morning and the late afternoon
when temperatures are lower. There are also less intense working periods,
normally during the rainy season. Furthermore, families with many adult
children may have manpower available for extra activities. Hence, many
smallholder families have some – however limited – time available during
specific periods of the year. If sufficiently attractive, they also are able to adapt
their working patterns (Ellis, 2000). Nevertheless, time requirements of
plantations – especially if established at a larger scale – potentially conflict
with the other production activities. Therefore, the more flexible the work
input is, the higher the compatibility with existing capacities.

Regarding land requirements, the situation varies considerably for land
requirements. Most smallholders, with the exception of some traditional and
indigenous communities, by definition have limited land area available and
only restricted access to resources outside their small individually owned
patches of land. Consequently, the availability of land to grow trees is also
restricted, and even more so if the existing natural forests are to remain
untouched. As plantations grow best on fertile soils, they potentially compete
with agricultural crops in smallholder farming systems. Even in the Amazon
region, where many settlers own areas up to 100ha, the establishment of
plantations at least involves the replacement of secondary forests that are a
part of shifting cultivation schemes. Thus, the availability of larger areas of
fertile land for smallholders is limited to the rare situations where traditional
or indigenous communities have access to collectively owned, already
deforested but only slightly degraded land.

Many authors have acknowledged the role of local farmers as
experimenters (Barlett, 1980; Friedrich et al, 1994, Pinedo-Vasquez et al,
2001; Rogers, 2003; Sears et al, 2007), and doubtlessly many smallholders
have accumulated considerable knowledge about the management of their
resources, continually enhancing their knowledge through observation and
experimentation so that their production systems gradually improve
(Harwood, 1979; Barlett, 1980). Yet the technical requirements for plantations
currently promoted by governments, donors and enterprises necessitate very
different technical capacities and involve drastic changes to traditional natural
resource management systems. This strongly contradicts local innovation
patterns, normally a slow process of adopting and adapting new approaches
depending on opportunities for experimenting and long-term observations
(Rogers, 2003). In fact, most smallholder livelihood strategies are determined
by annual routines based on the fulfilment of short-term objectives and
spontaneous action in dealing with unpredicted events, such as fire, drought,
flood, drastic changes in market prices, accidents, illness, etc. Although
strategic planning for education, settlement activities and land-use options may
occur, day-to-day practice still follows the annual working pattern and
emphasizes the maintenance of flexibility required in view of the notorious
lack of financial resources as well as the unpredictability of the future in a
highly dynamic socio-economic context.
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Finally, plantations imply the need for negotiations with more powerful
actors engaged in the establishment and financing of plantations as well as the
marketing of products. These negotiations are problematic for most
smallholders (Sunderlin et al, 2005). External organizations, due to their
experience and qualifications, consciously decide to work with plantations and
collaborate with smallholders. Consequently, they have clearly defined and
perceptions about the terms and conditions for cooperation. Companies and
promoters of environmental projects and programmes are also highly qualified
and usually have ample time to assess the implications and results of a specific
initiative. In contrast, smallholders normally do not have access to relevant
information and have fewer opportunities to use and interpret them.
Furthermore they have no clear strategy about how to satisfy their demands
and how to deal with plantations. As a consequence, they tend to accept the
statements and promises made by external organizations without considering
the future implications. This behaviour is often promoted by historically
evolved paternalistic structures (Medina et al, 2009). In addition, smallholders
often lack an effective organization for negotiating with these external
organizations. Thus, individual families have neither the voice nor the power
to effectively articulate their interests. As a consequence, issues such as prices,
conditions for payments and risks usually are determined by the companies
(Medina et al, 2007). Even with regards to indirect negotiations, as for
example through market mechanisms, the intermediaries and buyers working
within these monopolies or oligopolies tend to dictate the conditions of trade
(Scherr et al, 2004). The comparative disadvantages of smallholders in
negotiating with external actors often result in agreements that reflect the
external interests more than those of smallholders. Serious conflicts may arise,
if smallholders are not interested in, or simply unable to fulfil their negotiated
duties and responsibilities when external actors enforce them. Once
contractual agreements have been fulfilled, smallholders often discontinue the
plantation initiative, in particular if the external support or control ends
because it is unattractive or unfeasible (Pokorny and Johnson, 2008; Hoch,
2009).

Final considerations

Plantations may provide important benefits to smallholders, in particular they
may generate cash income, increase the value of smallholders’ land clarify
tenure questions more quickly, improve access to credit and technical support,
and contribute to ecological stability. Yet, to successfully deal with plantations,
smallholders have to invest significant resources and have specific capacities
available. These requirements normally exceed smallholders’ technical,
financial and managerial capacities not necessarily available. Consequently,
the establishment, maintenance, correct management as well as the marketing
of plantations is challenging and risky from a smallholder’s perspective, and
requires continuous external support. This, however, may be detrimental to
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traditional structures and management schemes imply the danger of getting
dependent on external support. In this sense, plantations may contribute to a
more effective use of scarce resources but also many block more attractive
alternative land-use options. In the following section we analyse the
attractiveness of plantations from the smallholders’ perspective and define the
key factors for success. In view of the limited feasibility of plantations for
smallholders, we also highlight the potential of traditional tree-growing
schemes.

Attractiveness of plantations for smallholders
Apart from cultural preferences, traditions and other ‘non-rational’ criteria,
financial attractiveness is the key factor for smallholder decisions about land
use. Yet for the generation of cash income, plantations show significant
competitive disadvantages compared to agriculture. Even if supported by
external organizations, plantations still require significant inputs of land and
time. They represent long-term investments with the accumulation of risk over
several years. Smallholders also need to wait a relatively long time for cash
returns, which, due to insecure market situations, are often unpredictable. In
contrast, although the cultivation of agricultural crops does not necessarily
generate a higher financial return per hectare or per work input, it promises a
more immediate income, allows flexibility to respond to changing markets, is
based on existing traditional knowledge and skills and doesn’t require long-
term investment. Thus, in many situations agricultural land uses provide
benefits more quickly, more flexibly and with a lower level of risk (Hoch,
2009).

Furthermore plantations consisting of only one, or a few – often exotic –
tree species may provide fewer environmental benefits for smallholders than
alternatives such as forest fallows, secondary forests or degraded primary
forests. In still forested landscapes, for example, the regeneration of deforested
land occurs relatively quickly (Nepstad et al, 1991). In contrast to plantations,
these succession processes run naturally, and thus require little management
input. Generally, secondary forests are also more diverse and ecologically more
adapted to local ecosystems. Summing up, secondary forests, compared to
plantations, have the potential to deliver environmental services of a higher
quality at significantly lower costs.

Conditions for success
In view of possible disadvantages of plantations compared to alternative land
uses the circumstances in which plantations present a viable economic option
for smallholders should be carefully assessed. Doubtless, plantations are more
attractive in landscapes already deforested with good infrastructure and clearly
defined land tenure. It is also crucial that market risks are low; that is, that
stable attractive markets already exist when the plantation is established. Also
the opportunity to easily access local markets positively influences the viability
of plantations for smallholders. Of fundamental importance is also the chance
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to establish fair, long-term partnerships with local actors involved in adding
value to plantation products. In this respect, the existence of strong smallholder
organizations is a key issue to ensure effective and favourable negotiations with
relevant external players. The absence of powerful actors with competing land
and resource management interests, as well as the existence of mechanisms that
protect smallholders’ interests are also helpful. Finally, limited profits from, or
environmenal or legal restrictions to, competing land uses, especially
agriculture, also enhance the viability of plantations.

In general terms, plantations tend to be more attractive for individual
farmers than for communities, as farmers have stronger linkages to markets,
are better connected to existing infrastructure and, furthermore, are more
experienced in adopting and adapting technologies promoted by external
actors. For smallholders living in remoter areas the immense market distances
signify a critical barrier to viability of plantations at the outset. Yet, individual
farmers also may have insufficient capacities, in particular of financial
resources, land and organizational skills. Where the above-mentioned
limitations to viable plantations occur, long-term technical assistance and
adequate financing mechanisms are indispensable for success (Varmola and
Carle, 2002; Almeida et al, 2006).

The potential of traditional tree-growing schemes
Growing trees is already an intrinsic part of most smallholder production
systems (Smith et al, 1996; Simmons et al, 2002; Summers et al, 2004; Hoch
et al, 2009), which shows that smallholders already have the interest,
motivation and the skills and resources to grow trees for their own purposes.
However, the smallholder-driven tree-growing initiatives generally show some
important differences to the plantation schemes envisaged by external actors.
Most important, nearly all smallholder-driven tree-growing schemes are low-
input systems (Hoch, 2009) in which, instead of systematically planting
seedlings of one species in a larger area, a variety of different techniques,
ranging from natural regeneration through protection, transplanting or simply
promotion of the species present, are adopted. Smallholder systems also avoid
the application of fertilizer and pesticides, and also waive time-consuming
treatments. In addition, smallholders confine tree-growing activities to periods
when the agricultural workload is low, or combine tree-growing efforts with
agricultural activities, for example weeding.

Due to the lower number of trees planted, local tree-growing schemes are
naturally less expensive than the establishment of larger plantation areas. The
costs per tree may also be lower due to the less sophisticated and more
extensive nature of the technologies adopted. Especially when trees are grown
together with perennial crops, the cost and time input is almost zero as the
trees benefit indirectly from the regular management of the perennial crops
(Hoch, 2009). These low-input strategies, which require minimal investment,
apart from being applicable without external subsidies, are associated with a
low level of risk and are extremely robust against price variations (Byron,
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2001; FAO, 2001b; Shanley et al, 2002; Medina, 2004). On the other hand,
local farmers often use less suitable genetic material and tend to completely
ignore meaningful silvicultural treatments. This may negatively affect the
performance of the plantation and, in the worst case, endanger the success of
the growing activity (Almeida et al, 2006).

But smallholders do not necessarily grow trees for generating income.
More commonly they grow trees for the production of fruits, medicine, timber
and other subsistence purposes. Often the trees are simply favoured to provide
environmental services to the agricultural crops such as for soil protection,
windbreak, shade and nutrient enrichment (Summers et al, 2004). These
benefits are especially important for smallholders with only little land (Nair,
1993). From a financial point of view, smallholders tend to prefer the
production of NWFPs, as they provide more immediate and regular benefits
than wood and timber. This is often more important than the prospect of a
high total income in the long term. Also the cultivation of perennials such as
cacao and – more recently – oil palm (Elaeis) tend to be highly lucrative (Hoch,
2009). Although generally avoiding high investments, when attractive
marketing opportunities emerge, farmers have also proven their capacity to
intensify, adapt and extend their traditional tree-growing systems (Hoch et al,
2008) as, for example, shown by the management of natural stands of açaí
palms (Euterpe oleracea) in Brazil, and ita palms (Mauritia flexuosa L.) in
several parts of the Amazon, camu camu (Myrciaria dubia (H.B.K.) McVaugh)
in Peru, and teak (Tectona grandis) in Indonesia (Maturana, 2006).

For smallholders, growing single trees is better suited to their capacities
than the management of plantations, as it excludes possible risks, combines
well with daily routines and the flexible application of their own workforce,
and depends on local technologies under their own control. Hence, for
subsistence, forest goods and services as well as for marketing relatively small
quantities, smallholders’ traditional production systems tend to be much more
effective and flexible than plantation schemes promoted by external
organizations (Hoch, 2009).

Conclusions
In many tropical contexts, plantations are becoming more and more attractive
as a result of ongoing deforestation and expanding infrastructure. However,
their potential for smallholders is limited. Even in the most favourable
conditions, the vast majority of smallholders would adopt forest plantations
only to complement agricultural land-use options, which generally afford
greater flexibility and lower risks. In most cases, the growing of single trees or
groups of trees on their farmland corresponds better to smallholders’ demands
and capacities than the establishment of larger plantation stands. Although
often poorly managed from a silvicultural point of view, growing single trees
with minimal input is attractive to smallholders because it leaves them in
control, avoids risks, ensures flexibility and – in the case of market access –
also generates income.
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Unfortunately, current efforts to promote smallholder plantations widely
disregard the opportunity to support and optimize these traditional tree-
growing practices. Instead, most externally driven initiatives deal with the
diffusion of technology packages, which do not correspond to local realities,
working rhythms and skills, and vastly ignore existing local knowledge
(Pokorny and Johnson, 2008; Hoch, 2009; Nawir et al, 2007). Most of these
observations are also valid for the diffusion of agroforestry systems defined by
external experts. Although adapted to local conditions, and promising high
flexibility with a large range of products, the effective use of resources and
lower risks, most agroforestry systems promoted externally do not consider
local capacities and interests, and generally ignore unfavourable conditions, in
particular, the lack of attractive markets for the generated products.

In view of the existing incompatibilities, major financial, technical and
managerial support is necessary to successfully diffuse the technical-
institutional packages for plantations and agroforestry systems to
smallholders. This, however, is rarely achieved by government and non-
governmental organizations. Only companies offering outgrower schemes
show high adoption rates because they have a vested interest in their success
and the capacity to provide the required support. Nevertheless, in view of the
conditions of collaboration generally determined by the companies, outgrower
schemes might also be interpreted as companies simply renting smallholder
areas and workforce for growing their trees (Desmond and Race, 2000).

Considering the many technical, economic and social pitfalls of plantations,
it is worthwhile thinking more systematically about possibilities for promoting
and optimizing local tree-growing systems. Yet such an approach would require
a paradigms shift including the need to respect individual choices, to build on
local technologies rather than transferring externally defined technological
packages, as well as to switch from short-term development projects to more
extensive but continuous supporting schemes under local control. Smallholders
need time and space to carefully assess existing options as a basis for critical
decision-making and the development of their own concepts and critical
decision-making. Experiences show that smallholders then will decide on their
own about if and how to intensify tree growing activities be it for the generation
of income, for subsistence to provide environmental services as an asset for the
future generation, or simply for aesthetic reasons.
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7
Policies to enhance the provision
of ecosystem goods and services

from plantation forests

Peter J. Kanowski

Introduction

The need to develop policies that enhance the provision of ecosystem goods
and services from plantation forests has emerged in parallel with the rise of
plantation forests as both a land use and source of industrial wood supply. The
history of plantation forestry has been characterized by policies that focused
on expanding the plantation estate for wood production rather than for a
wider set of values and outcomes. Many of the plantation forests established
under these policies replaced native or managed ecosystems with little regard
for the wider consequences, and in doing so have frequently diminished, rather
than enhanced, the output of ecosystem goods and services at both landscape
and stand scales. There are also, however, contrary examples, which are
consistent with an ecosystem approach to sustainability and the principles of
sustainable forest management.

The mix of the public and private, and priced and unpriced, ecosystem
goods and services associated with plantation forests, and the spatial and
temporal variability associated with many of them, mean that developing
policies to enhance their provision is particularly challenging. The emergence of
‘new generation’ approaches to environmental and sustainability policy is
particularly relevant to the provision of ecosystem goods and services from
plantation forests. These approaches suggest that a governance regime that
recognizes the roles of both state and non-state actors, and which draws in
situation-specific terms on a mix of regulatory, voluntary, economic and
community-based instruments and mechanisms, is most likely to enhance the
provision of ecosystem goods and services from plantation forests. These
regimes must recognize the broader policy contexts which shape land-use,
investment, production and conservation decisions, by both large- and small-
scale forest growers. Market-based instruments and mechanisms are an
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important component of governance regimes to enhance the provision of
ecosystem goods and services from plantation forests, but the role of the state
remains fundamental, and voluntary and community-based initiatives can also
be important. Effective systems to govern forest practices and monitor the
delivery of ecosystem goods and services are also necessary for these regimes to
succeed. Governance and management regimes must be adaptive, recognizing
that policy development and implementation are essentially experimental, and
thus incorporate timely monitoring, evaluation and revision.

A suite of principles and design criteria relevant to governance regimes to
enhance the provision of ecosystem goods and services from plantation forests
emerge from both theory and practice. They suggest a logical series of steps for
planning, developing and managing plantation forests if the provision of
ecosystem goods and services is to be enhanced; these steps are embedded in
policy learning and adaptive management frameworks. The steps involve: the
development of relevant knowledge, of both ecosystems goods and services
and their social values; reaching societal agreement about the contributions
which plantation forests should make to the overall provision of ecosystem
goods and services, and establishing planning and management processes to
realize those goals; designing and implementing governance regimes for
ecosystem goods and services; and establishing effective forest practices
systems and systems for monitoring the delivery of ecosystem goods and
services.

As other chapters of this book, and other reviews (e.g. Cossalter and Pye-
Smith, 2003; Kanowski, 2003; Kanowski and Murray, 2008) have discussed,
plantation forests can impact both favourably and adversely on the provision
of ecosystem goods and services. The ecosystem goods and services associated
with plantation forests are – like those of forests more generally – a mix of the
public and private, and the priced and unpriced; they are also delivered, to
varying degrees, differentially and interdependently between and across
landscapes and tenures, and at a variety of spatial and temporal scales
(Maginnis and Jackson, 2003; Mercer, 2005). These characteristics of goods
and services from forests are well recognized as being particularly challenging
for policy development and implementation (Cubbage et al, 1993; Mayers and
Bass, 1999; Mercer, 2005), and well suited to the suite of ‘new generation’
approaches to environmental and sustainability policy (e.g. Dovers, 2005;
Gunningham, 2007) that have emerged in response to the limitations of
previous policy regimes.

This chapter reviews policy learning from experience with plantation
forests, and with ecosystem goods and services, to establish the relevant policy
contexts. It then reviews relevant features of ‘new generation’ approaches to
environmental and sustainability policy, as the basis for establishing a
framework in which to situate policies to enhance the provision of ecosystem
goods and services from plantation forests. Finally, it draws from recent
literature to discuss how such policies might be developed and implemented
within this framework.
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The historical context – plantation forestry policies 
in the 20th century

The dramatic and continuing expansion of plantation forests, which has taken
place largely over the past century and accelerated over the past 40 years, has
occurred in response to a range of factors: growing global demand for forest
products; market and technological forces favouring plantation-grown wood;
a diminishing supply from native forests as a consequence both of
overexploitation and of public policy decisions to reserve forests from
harvesting; the declining attractiveness or competitiveness of other land uses;
and the adoption of policies to promote plantation forests (Cossalter and Pye-
Smith, 2003; Kanowski, 2005; Weber, 2005). Policies promoting plantation
expansion have been widely adopted at national and sub-national levels since
the 1920s (Mather, 1993; Kanowski, 2001; Garforth and Mayers, 2005), and
sometimes at regional scales (e.g. Europe – Weber, 2005; Southern Africa –
SADC, 2002 in Christy et al, 2007).

Around 50 per cent of 20th-century plantation forests were established for
industrial wood production; the balance being established for fuelwood, land
restoration or amenity (FAO, 2001). Since the 1980s, an increasing proportion
of plantations has been established and intensively managed for industrial
wood production (Kanowski, 2005). Thus, whilst the delivery of
environmental benefits motivated the establishment of some plantation forests,
industrial wood has increasingly become the dominant rationale for their
establishment (Mather, 1993). This chapter is therefore concerned principally
with policies directed at enhancing the contributions of these commercially
oriented plantation forests. Other literature (e.g. CIFOR, 2006; Chazdon,
2008) focuses specifically on plantation afforestation for non-commercial
objectives.

Largely as a consequence of the rationale for their establishment, most
20th-century plantation forests can be described as ‘simple’ (sensu Kanowski,
2001), in terms of intent, composition, structure and management regime.
Many of these simple plantation forests have been outstandingly successful in
terms of their economic objectives: wood yields per unit area and time are
many orders of magnitude greater than those from natural forests, plantations
are providing an increasing proportion of the world’s wood supply, and – in
many plantation regions – plantation-based economic development is
demonstrable, significant and sustained (Kanowski, 2003, 2005). However,
the impact of these simple plantation forests on ecosystem goods and services
– such as biodiversity, landscape values or water quality – has often been
adverse rather than favourable, particularly but not only where they have
replaced natural or semi-natural ecosystems (e.g. Chapters 4 and 5; Kanowski,
2001; Cossalter and Pye-Smith, 2003). The social impacts of these plantation
forests have also been mixed and context-specific: while plantations have
generated economic development and employment, some have also been
established in ways which accorded little attention to the rights and interests
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of indigenous and traditional owners and the poor, or which were not sensitive
to their wider social context. In these cases, their social impacts have been, or
have the potential to be, adverse (e.g. Chapter 6; Carrere and Lohman, 1996;
Cossalter and Pye-Smith, 2003; Schirmer, 2005; Weber, 2005; Colchester,
2006; World Rainforest Movement, 2007).

Sustainable forest management – with its recognition of environmental and
social, as well as economic, goals – is now the accepted basis of forest policy
and practice globally (e.g. World Forestry Congress, 2003; Sayer and
Maginnis, 2005; FAO, 2007a, 2007b). Thus, 21st-century plantation forests –
and the policies that shape them – are expected to deliver environmental and
social benefits, or at a minimum not cause environmental or social harm, as
well as delivering the economic benefits on which they have historically
focused. There are also self-interested, as well as more noble, reasons for
plantation forest growers to adopt sustainable forest management principles;
there is ample evidence from many countries (e.g. Australian and Irish case
studies reviewed by Schirmer, 2005; Indonesia – Global Carbon Project et al,
2006; various South American countries – World Rainforest Movement, 2005)
that meeting environmental and social expectations is necessary for plantation-
based industries to maintain the social licence to operate, which they require
to succeed over the decadal timeframes that typify large-scale plantation
growing and processing investments.

Policy lessons from a century of plantation forestry
The experiences of the last century of plantation forestry are instructive in
helping to shape its future. Reviews by, amongst others, Mather (1993),
Cossalter and Pye-Smith (2003), Garforth and Mayers (2005), Kanowski
(2005) and Weber (2005) suggest a number of general conclusions relevant to
the topic of this chapter. These are summarized below.

Plantation policy is important, but only in context
The expansion of the plantation forest resource over the past century was not
serendipitous; rather, it was the consequence of policies deliberately adopted
by national and sub-national governments to promote plantation forestry,
principally for wood production and the associated economic and social
benefits. Such policies continue to be strong elements of some countries’ forest
policies (e.g. Australia – Plantations2020, 2007; Indonesia – Ministry of
Forestry, 2005, in World Bank, 2006; South Africa – Department of Water
Affairs and Forestry (DWAF), 2006).

However, as the reviews above also illustrate, plantation policy objectives
have been facilitated, or hindered, by a variety of other forces, which may be
more significant than ‘plantation policies’ themselves – including levels of
supply and demand and the extent of trade, the relative attractions of
competing land uses, the attitudes of landowners to tree growing, the degree
to which governments were willing to use financial or other mechanisms to
promote plantation forestry, and the commitment to policy goals and measures
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over extended periods. At a more operational level, factors such as levels of
investment, management skills, and the availability of appropriate
technologies have also been significant in shaping the economic, environmental
and social outcomes of plantations.

Together, these experiences demonstrate the importance to plantation
development of thorough and comprehensive policy analysis, of policy
coordination and integration, of consistent policy directions sustained beyond
the short-term, and of flexible and adaptive strategies to give effect to policy
directions.

Governments play a number of important roles
Governments have played a central role in the expansion of plantation forests
over the past century. They have done so either by direct public investment and
involvement – for example in Australia, China, India, New Zealand or the UK
– or by facilitating private sector investment, variously through financial policy
instruments and other mechanisms such as facilitating access to land – for
example in Brazil, Chile, Indonesia, Thailand, or South Africa (Mather, 1993;
Garforth and Mayers, 2005; Kanowski, 2005). In most countries,
governments have played both direct and facilitating roles; and in almost all of
those once dominated by public forestry enterprises, the role of the private
sector has progressively increased (Mather, 1993; Garforth and Mayers, 2005;
Kanowski, 2005).

The facilitating role of government focused historically on addressing
disincentives to private sector investment and participation in plantation
forestry growing and product processing; for example, governments have
typically sought to minimize the disincentive imposed by the cost structure of
plantation growing, by providing various forms of financial incentive; they
have often invested in the infrastructure and technological development
necessary to catalyse private sector investment in the plantation sector; they
have funded research to understand landowner attitudes to tree growing, and
how greater adoption of plantation forestry might be encouraged.
Subsequently, governments have also shaped and set the rules for markets for
ecosystem goods and services. In summary, government’s role in setting the
framework for private sector investment and behaviour is as fundamental to
plantation forestry as it is in other arenas of economic activity and
environmental policy.

Policies need to recognize the importance of small-scale growers 
to the future of plantation forestry
Given the capital and scale requirements necessary to develop plantation
resources adequate for competitive forest industries, most 20th-century
plantation programmes were initiated by government agencies or large
corporate entities (Mather, 1993; Garforth and Mayers, 2005). Subsequently,
constraints to the roles of these larger actors, and the demonstrated and
potential roles which small-scale private sector growers can play in association
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with others, has focused attention on the role of small-scale growers (e.g.
Chapter 6; Mayers and Vermeulen, 2002). Whilst it can be challenging to
develop tree-growing partnerships which are mutually satisfactory, and which
contribute adequately to small-scale growers’ livelihoods (e.g. Mayers, 2006),
a range of cases (e.g. Desmond and Race, 2002; Mayers and Vermeulen, 2002)
demonstrate it is possible – given supportive institutional and partnership
arrangements, and a favourable operating context.

Engaging with small-scale growers is also becoming more important for
the future of the plantation forestry sector for a range of other reasons – for
example, as land ownership fragments (e.g. in the US; Brown, 2006), where the
majority of land available for plantation establishment is that of small-scale
landowners, as is now commonly the case (Mayers and Vermulen, 2002;
Kanowski, 2003); or where policy objectives focus on small-scale landowners
(e.g. Australia – Australian Greenhouse Office, 2003; Indonesia – Ministry of
Forestry, 2005, in World Bank, 2006; South Africa – DWAF, 2006). Small-
scale growers are more likely than industrial-scale growers to integrate
commercial tree growing with agricultural production, in systems that are
often described as ‘agroforestry’ or ‘farm forestry’, highlighting the need for a
policy environment which supports such integration (e.g. Byron, 2001). Some
forms of ‘community forestry’ may similarly be oriented towards commercial
tree growing, and similarly require an enabling policy environment (e.g.
Vermeulen et al, 2008).

Policies need to recognize that plantations can generate substantial
environmental and social costs, as well as benefits
Over the past century, plantation policy-makers and growers have given
considerable attention to the financial costs and benefits of plantations (e.g.
Grayson, 1993; Kelly et al, 2005), principally to inform strategies to promote
and sustain plantation forestry. However, it is clear that plantation forestry can
also generate substantial environmental and social costs, as well as benefits
(Kanowski, 2005). Like the financial costs, these are context-specific; they
have been the subject of reviews at scales ranging from the local (e.g. Routley
and Routley, 1973, for south-eastern Australia), to the national (e.g. Stewart,
1987, for the UK) and the transnational (e.g. Carrere and Lohman, 1996;
World Rainforest Movement, 2007).

These costs comprise both direct and opportunity costs; they were seldom
the focus of plantation policies, but were – explicitly or implicitly – judged by
decision-makers to be costs worth bearing in pursuit of plantation-based
development. Many critics of plantation forestry development (e.g. those cited
above) argue that such judgements have been misplaced, and that approaches
with different starting points – which respect customary rights, the principle of
prior and informed consent, and the environmental values of land proposed
for plantation development – are necessary to address the interests of parties
other than plantation proponents (e.g. Colchester, 2006). The principles of
sustainable forest management demand that these potentially adverse impacts
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be addressed more adequately in the future than they were in much of the last
century of plantation forestry expansion.

Effective forest practice systems are important, across all tenures
Formal forest practice codes were not generally developed until the 1980s.
Prior to this, there were few formal constraints on forest practices associated
with establishing, managing and harvesting plantations, and the poor land
management practices that often resulted led to many adverse impacts on
ecosystem goods and services, and in turn to community discontent with
plantations (e.g. Routley and Routley, 1973; Stewart, 1987; Mather, 1993).

Many governments responded by introducing codes of forest practice, or
the equivalent (e.g. Dykstra and Heinrich, 1996), but their implementation has
often been inadequate (Forsyth, 1998); as Gunningham (2007) notes, such
‘implementation deficits’ often characterize natural resource management
more generally. It is also common for such codes to apply differentially to
public and private tenures, and perhaps to different forms of forestry and to
large- and small-scale operations (McDermott et al, 2007). Where forest
practices systems have been implemented effectively, they have been successful
in mitigating the adverse environmental impacts of forest operations (e.g.
Enters et al, 2002; Wilkinson, 2003) – demonstrating their fundamental
importance to the realization of sustainable forest management across all
tenures and scales of operation.

With enabling policies and progressive management, plantations can
deliver enhanced environmental and social benefits
Many progressive plantation growers have already sought to address the
potentially adverse environmental and social impacts of plantation forestry,
informed by research on both its environmental (e.g. Chapters 3, 4 and 5)
and social (e.g. Bureau of Rural Sciences, 2005) outcomes and how they
might be enhanced. A striking feature of the findings of much of this research
is that substantial gains in environmental and social outcomes can be often
made at relatively little direct or opportunity cost to economic returns, given
adequate planning (e.g. Carnus et al, 2003; Lindenmayer et al, 2003;
Schirmer, 2005).

Examples of progressive responses include, but are not limited to, the
independent environmental and social assessments commissioned by some
companies to inform their plans (e.g. Stora Enso in China; UNDP China,
2005), the transformation of public forestry agencies’ approach to plantations
(e.g. UK Forestry Commission; Grundy, 2005), and the development and
implementation of multi-function plantations as public–private partnerships
(e.g. Western Australia; Future Farm Industries CRC, 2007). Many of these
responses are consistent with the emerging emphasis on the role of plantations
in forest landscape restoration (e.g. Rietbergen-McCracken et al, 2006; IUCN,
2007), and with more ‘complex’ forms of plantation forestry, which I have
argued previously (e.g. Kanowski and Savill, 1992; Kanowski 2001) are
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necessary to realize the potential of plantation forests to deliver environmental
and social benefits. It is clear that approaches to conceiving, planning and
managing plantation forests which are more sophisticated and balanced than
those adopted for many simple plantations (see Chapter 5 for examples) can
deliver greatly enhanced environmental and social benefits at tolerable
economic cost.

It is helpful to reconceptualize plantation forestry 
for the 21st century
Historically, plantations have been defined as those comprising planted trees of
particular species composition, age structure and spacing; that terminology is
now evolving to the more inclusive term of ‘planted forests’ (FAO, 2007a),
recognizing the diversity of forms, composition, scale and goals of these
forests. Consistent with this evolution, this chapter considers ‘plantation
forests’ in the broad sense – as ‘trees established on a sufficient scale, and with
income generation ranking sufficiently high as one of the purposes, to have
reasonable potential as a commercial crop’ (Kanowski, 2003) – rather than in
terms of spatial configuration, species composition or management. This
definition emphasizes the commercial goal of plantation forestry, but does not
imply a preference for any particular model of tree growing; rather, it allows a
diversity of forms and scales, ranging from traditional ‘simple’ plantation
forestry to a variety of more complex systems, including those commonly
referred to as ‘agroforestry’ (Kanowski, 2001).

The potential impacts of plantation forests on ecosystem
goods and services

The ecosystem goods and services associated with forests have been reviewed
by, amongst others, Landell-Mills and Porras (2002), Scherr et al, (2004), the
Millennium Ecosystem Assessment (2005), Wunder (2005) and earlier
chapters in this book. A comprehensive list (e.g. Daisy, 1997, in Scherr et al,
2004; Millennium Ecosystem Assessment, 2005) would include the role of
forests in carbon, hydrological and nutrient cycles; in local climate regimes; in
sustaining soil and catchment values; in sustaining biodiversity and related
functions such as pollination services and pest control; and in the beauty of
landscapes or other cultural values (Chapter 2).

The impacts of any particular plantation forest on ecosystem goods and
services may vary, spatially and temporally, reflecting its landscape context, its
design and composition, and its management; relevant issues have been
reviewed in other chapters of this book. Examples of positive impacts include
the use of plantation forests to restore connectivity in fragmented landscapes,
to sequester atmospheric carbon, or to mitigate soil erosion. Examples of
adverse impacts include loss of biodiversity or aesthetic value associated with
landscape-scale conversion from natural ecosystems to plantation forests,
reduced catchment water yields (e.g. Waterloo et al, 1999) or poor forest
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management practices impacting adversely on soil structure and water quality
(e.g. Scott et al, 2005).

Policies addressing the impacts of plantation forests on ecosystem goods
and services must therefore consider two sets of issues; the first are those
associated with avoiding or mitigating the adverse impacts, and the second
with delivering the potential benefits, of plantation forests for ecosystem goods
and services. In the case of potentially adverse impacts, the issues separate into
two categories; those associated with the choices about land use, and those
associated with the management of plantation forests.

Of the adverse impacts, the dominant issue is the extent to which
conversion from natural or semi-natural ecosystems to plantation forest is
acceptable. This issue remains strongly contested. Positions range from
opposition to any further conversion (e.g. for Indonesian peatlands – Global
Carbon Project et al, 2006; Tasmania – The Wilderness Society, 2004; WWF
Australia, 2004), to reluctant acceptance that conversion is likely to continue
to proceed, especially in countries with high proportions of relatively natural
ecosystems (FAO, 2007a), and a focus on protecting forests or other natural
ecosystems with high conservation or cultural value (e.g. WWF, 2002). Whilst
there may also be important impacts on ecosystem goods and services
associated with the replacement of other land uses by plantation forests (e.g.
changes in water yields when pastureland is converted to forest – Vertessy et
al, 2003), the impacts associated with the conversion of ecosystems of high
conservation or cultural values are likely to be the most profound and
contentious.

Policies addressing land-use change to plantations already exist in many
countries, and voluntarily through some forest certification systems. Some
governments (e.g. New Zealand) and certification systems (e.g. the Forest
Stewardship Council) preclude any conversion of natural to plantation forests;
others allow conversion in particular land-use classes (e.g. Indonesia), or to
specified thresholds (e.g. Brazil). In some cases (e.g. South Africa), conversion
from grassland to plantation may also be precluded by concerns about impacts
on water yield. These policy measures have been reviewed, for the most
important plantation-growing countries, by McDermott et al (2010).

The second set of adverse impacts are those associated with the design,
composition and management of plantation forests once land-use decisions
have been made. These issues are determined largely by the goals of the
plantation owner, and the opportunities and constraints under which they are
operating, as well as by the particular environmental context. These impacts,
which are associated more with operational than with land-use choice issues,
are addressed – in a variety of ways, and to varying degrees – by both forest
practices and forest certification systems (McDermott et al, 2010).

Turning to policies which might enhance ecosystem goods and services,
rather than avoid or mitigate adverse impacts on them, the issue of the baseline
from which ‘enhance’ is defined is a critical policy issue (e.g. Wunder, 2005).
A number of perspectives are relevant. From an ecologist’s perspective, the
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optimum levels of ecosystem goods and services might be those associated with
functional natural systems, and ‘enhance’ might be defined as moving towards
those levels. In contrast, a natural resource manager might seek to increase the
yields of particular ecosystem goods and services without prejudicing others;
for example, by thinning forests enough to enhance water yield, but not so
much as to adversely impact on biodiversity or landscape values (e.g. Chapter
5). The difficulties encountered with defining ‘additionality’ in the context of
forest-related activities under the Kyoto Protocol of the UNFCCC (e.g. IPCC,
2000) illustrate both the complications in agreeing a definition of ‘enhance’,
and how disabling this can be for policies seeking to enhance the provision of
ecosystem goods and services from forests. Governments are beginning to
adopt pragmatic approaches to this issue; for example, the California Climate
Action Registry’s Forest Protocols (CCAR, 2007) defines the baseline for an
ecosystem good (in this case, carbon) as the stocks and flows resulting from an
approved management plan with a 100-year planning horizon, i.e., effectively
‘those beyond the legal minimum that could be delivered’. Although they can
be economically inefficient, by rewarding some actors unnecessarily, such
pragmatic definitions are likely to be necessary to establish markets for
ecosystem goods and services.

As many – both proponents and critics of plantation forests – have pointed
out, plantations are not the equivalent of other forms of forests (e.g. Carrere,
2004; American Tree Farm System, 2007). There are roles in the delivery of
economic, environmental and social benefits that plantation forests can play,
and others which are better delivered by other forms of forests and forestry.
The challenge to policies seeking to enhance the provision of ecosystem goods
and services from plantations is to identify and capitalize on the comparative
advantage of plantations in particular landscape and social contexts, whilst
ensuring that the delivery of benefits does not prejudice sustainable forest
management principles and their local interpretation at national and sub-
national levels. This will often require that plantations be situated, in policy as
well as practical terms, in a landscape context (Maginnis and Jackson, 2003;
Sayer and Maginnis, 2005; Rietbergen-McCracken et al, 2006).

The next section discusses how contemporary thinking about the ‘new
environmental governance’ might inform the development of such policies.

Contemporary thinking about environmental 
governance regimes

As the magnitude and urgency of environmental challenges, at scales from the
local to global, have become more apparent, both policy-makers and civil
society have focused on the formulation and implementation of policy
responses. In recognition of the interdependent economic, environmental and
social dimensions of environmental policy, many of these responses have been
framed in terms of the broader issue of sustainability (Dovers, 2005), and in
terms of ‘environmental governance’ – a terminology which encompasses
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environmental policy but explicitly recognizes the role of non-state actors in
determining environmental and sustainability outcomes (Gunningham, 2007;
CIFOR, 2009).

This broadening of the frame of reference for environmental policy is
appropriate for a number of reasons. A principal one is that approaches to
environmental policy have followed broader policy trends over the past three
decades; in the most general and oversimplified terms, this trend has been
away from policy regimes which emphasize the role of the state and of
regulation, often characterized as ‘command and control’, to more
heterogeneous and broadly based regimes which are collectively described as
the ‘new environmental governance’ (Gunningham, 2007). This evolution was
prompted both by the rise of neo-conservative governments, with their ‘small
government’ agenda, since the 1980s, and by the evident limitations of
traditional environmental regulation (Gunningham and Grabosky, 1998).
Thus, the ‘new environmental governance’ emphasized the role of actors other
than government, of processes such as voluntary and negotiated agreements,
of approaches involving ‘regulatory flexibility’, and of market-based
instruments (e.g. Gunningham and Sinclair, 2002; Cashore et al, 2004;
Gunningham, 2007).

Although ‘the new governance … is defined more by what it is not, than
by what it is’ (De Burca and Scott, 2006, in Gunningham, 2007), Gunningham
(2007) suggests, nevertheless, that it can:

be treated as involving a cluster of characteristics: participatory
dialogue and deliberation, devolved decision-making, flexibility
rather than uniformity, inclusiveness, transparency, institution-
alized consensus-building practices, and a shift from hierarchy to
heterarchy. Not all these characteristics need to be present for a
particular experiment to be regarded as involving new
environmental governance, but the more characteristics that are
present, and the stronger the form in which they are present, the
greater is the claim to be regarded as falling within this category.

As a new generation of environmental governance has evolved, it has come
to recognize the role, as well as the limitations, of the state; in particular, it
acknowledges the fundamental role of the state in establishing and
enforcing the rules within which other actors operate (Gunningham, 2007).
Conversely, the lack of capacity or will of many governments to enforce
laws and implement regulations provides one of the principal catalysts for
non-state-based approaches to environmental governance. The case of
largely inconclusive intergovernmental attempts to address forest loss and
degradation since the 1992 Earth Summit (reviewed by Humphreys, 2006),
and the associated emergence of forest certification (reviewed by Cashore et
al, 2004) provide a good example of this phenomenon in the forests
context.

POLICIES TO ENHANCE THE PROVISION OF ECOSYSTEM GOODS & SERVICES 181

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 181



Similarly, other market-based instruments, such as payments for
environmental services, have emerged as one of the primary tools of new
environmental governance regimes (e.g. Landell-Mills and Porras, 2002;
Wunder, 2005; Sanchirico and Siikamäki, 2007). As Gunningham (2007)
notes, the new environmental governance ‘provides greater scope for non-state
actors to assume administrative, regulatory, managerial and mediating
functions previously undertaken by the state’. This scope is well illustrated in
the forest context by aspects of both forest certification (e.g. Cashore et al,
2004) and the environmental services markets already established for some
forests (e.g. Wunder, 2005).

Gunningham (2007) observes that new environmental governance
arrangements are generally still young and dynamic, and are already evolving
as their strengths, limitations and costs – in both absolute terms and relative
to state-based approaches – become more apparent. Thus, various forms of
‘regulatory pluralism’ (Gunningham, 2007) are emerging in environmental
governance – recognizing that the best combination of state and non-state
governance mechanisms will depend on the particular context, and that these
may vary over time, as well as between jurisdictions and particular
environmental policy issues. In the best cases, these regimes are emerging in a
consciously adaptive way, as the result of deliberate policy learning (Dovers,
2005). In many cases, the policy challenges are substantial, and the policy
issues ‘wicked’, in the sense that there are few ‘win–win’ outcomes (Dovers,
2005; Gunningham, 2007). It is in this complex, dynamic and challenging
milieu that policies, and governance arrangements more broadly, to enhance
the provision of ecosystem goods and services from plantation forests are
situated.

A governance framework for ecosystem goods and
services from plantation forests

The ‘new environmental governance’ summarized above provides the basis for
articulating a governance framework relevant to the provision of ecosystem
goods and services from plantation forests. A number of such frameworks
have already been developed for particular forest-related issues. For example,
Binning and Young (2000) presented a systems model for native vegetation
conservation, and subsequently developed it to focus on environmental
services from farm forestry (Binning et al, 2002; van Bueren et al, 2002). Their
model is structured around three core categories, represented as regulatory,
economic and people. Similarly, Harrison et al (2003) presented a comparable,
albeit differently worded, framework for ‘policy instruments for
environmental protection or to promote remedial action’, which they used to
situate environmental services payments for small-scale forestry. Wunder
(2005, 2006) presents a framework for situating payments for environmental
services in the context of other policy initiatives for forest conservation and
sustainable forest management, and Scherr and White (2002) provide an
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overview of the policy instruments that might be used to promote
environmental services from forests, and discuss – as have others (e.g. Kousky,
2005) – the factors that might be used to choose amongst them.

The framework developed here, illustrated in Figure 7.1, draws from these
precursors – and Dovers’ (2005) representation of the stages of policy
development, which includes those of problem-framing, policy-framing and
policy implementation – and adapts them in the light of Gunningham’s (2007)
review. The core components of the framework are the mechanisms and
instruments – regulatory, voluntary, economic and community-based – which
form the basis for constructing, in pluralistic and context-specific ways, the
governance arrangements appropriate and feasible for particular
environmental issues. Gunningham (2007) presents a number of examples
from outside the forestry sector – in pollution and natural resource
management – which illustrate how such arrangements have been developed
and have evolved. As with these examples, governance regimes relevant to the
delivery of ecosystem goods and services from plantation forests need to
accommodate the roles of both the public and the private sectors, and large-
and small-scale actors, if they are to be effective.

The framework also explicitly recognizes both the contexts created by
other policies and institutional arrangements relevant to plantations and
ecosystem goods and services, which can range from enabling to disabling, and
the systems by which operational forest practices and the delivery of
environmental goods and services are implemented and monitored, as
fundamentally important to the outcomes of plantation forestry, including its
provision of ecosystem goods and services.

The framework presented in Figure 7.1 also seeks to make explicit both the
interactions and the complementarities between its core components; van
Bueren et al (2002) note that ‘policy mixes which harness the synergies
between … [components] … are more likely to be effective (both in terms of
cost and environmental outcomes) than those which use only single
instruments’. Similarly, Mercer (2005, citing work by Gottfried et al, 1996)
points out that economic theory demonstrates that ‘market forces [alone] in
decentralized, unregulated economies are inadequate for optimizing ecological
services at a landscape level’.

Components of the governance framework

This section discusses each of the components of the governance framework
presented in Figure 7.1, and relates them to the provision of ecosystem goods
and services from plantation forests.

Policy and institutional contexts
Typically, a suite of policies and institutional arrangements at levels ranging
from the international to the local – some specifically concerned with forests,
others not – will define the context and policy ‘space’ for policies and
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institutional arrangements focused on particular sectors or issues. These, of
course, also reflect prevailing political ideologies – for example, an emphasis
on market forces rather than on regulation. They may also be shaped by goals
proposed by non-state actors that have acquired standing, such as IUCN’s
targets for the extent of protected area representation (World Commission on
Protected Areas (WCPA), 2005).

Policy consistency, both vertically and horizontally, and the realization of
synergies between different policies and institutional arrangements –
internationally, nationally and at the sub-national level – are fundamental to
realizing intended policy outcomes (Dovers, 2005). This is often challenging –
as the example of the relationship between the ecosystem approach, adopted
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by the Convention on Biological Diversity, and the approaches to sustainable
forest management promoted by the United Nations Forum on Forests and
other multilateral forests processes, discussed by Sayer and Maginnis (2005),
demonstrates. The purpose of the discussion here is not to review international
arrangements for forests (see, e.g. Humphreys, 2006; Christy et al, 2007), but
rather to comment on their principal implications for policy design at the
national and sub-national levels.

International policy regimes
As Christy et al (2007, Chapter 2) point out, ‘though there is little international
law that directly governs forestry … a number of international instruments do
affect the forestry options of a country that is party to them’. On the basis of
their analysis, the Convention on Biological Diversity, the Framework
Convention on Climate Change and its Kyoto Protocol, the UN Convention to
Combat Desertification, and trade agreements such as the International Tropical
Timber Agreement and those adopted under the auspices of the World Trade
Organization, emerge as the multilateral agreements most generally and strongly
relevant to plantation forests; others, such as the Ramsar Convention on the
Protection of Wetlands, the Convention on International Trade in Endangered
Species of Wild Species of Flora and Fauna, and the (Bonn) Convention on the
Conservation of Wild Species of Migratory Animals, will be relevant in specific
circumstances. They note the potential of treaties addressing the rights of
Indigenous Peoples, principally the 1989 ILO (International Labour
Organization) Convention No 169 Concerning Indigenous and Tribal People in
Independent Countries, and the 2007 UN Declaration on the Rights and
Responsibilities of Indigenous Peoples, to shape forest-related policy and
practice. Regional and bilateral treaties – such as the 1993 Central American
Forests Convention, the 2002 Southern African Development Community
Protocol on Forestry, or various European Union conventions, declarations and
regulations – are also important in defining contexts for their member states.

In the absence of a forests convention, non-legally binding agreements are
particularly relevant to forestry activities. The UN Forum on Forests’ 2007
agreement of ‘a non-legally binding agreement on all types of forests’, and its
Programme of Work and Plan for Action (UNFF, 2007), represent the principal
multilateral agreement; however, the various processes to define and report on
sustainable forest management are also important (FAO, 2007b), and arguably
more immediately relevant to plantation forests and the goods and services
they generate.

In summary, the two dominant themes that emerge from the international
policy context are the commitments of countries, established since the 1992
Earth Summit, to the interrelated goals of forest conservation and sustainable
forest management, and – to varying degrees – to mechanisms to enable them.
The principal implication for plantation forests is that their establishment and
management should support, not diminish, these goals. More recently, as
climate and energy issues rise up the political agenda, there has been renewed
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focus on the role of plantations in carbon sequestration (e.g. Chapter 3; Kerr
et al, 2004) and as sources of renewable energy (e.g. European Union, 2007).
Whilst these agendas help to create a new policy space for plantation forests
and ecosystem goods and services, they also present significant challenges in
designing national and sub-national policies which reconcile and advance these
three themes in mutually supportive ways.

National and sub-national policy regimes

Given the diversity and complexity of individual national and sub-national
contexts and arrangements, generalizations are useful only in terms of higher-
level principles. Nevertheless, a consistent shortlist of policy characteristics
emerges from both general reviews relevant to environment and forest policy
(e.g. Cubbage et al, 1993; Mayers and Bass, 1999; Gunningham and Sinclair,
2002; Dovers, 2005; Christy et al, 2007) and those which focus more
specifically on ecosystem services, plantations or sustainable forest
management (e.g. Scherr and White, 2002; Garforth and Mayers, 2005; Sayer
and Maginnis, 2005; Stanturf and Madsen, 2005). National and sub-national
policy regimes more likely to enable positive environmental and sustainability
outcomes will be characterized by:

• consistency of policy goals with those agreed internationally;
• consistency and synergy of plantation-focused policies with other national

and sub-national policies;
• clearly defined tenure and use rights for both forests and ecosystem goods

and services;
• good governance, including appropriate public participation processes;
• adequate institutional capacity, in both the public and private sectors;
• functional institutional arrangements, which are purposive and persistent,

but also sufficiently adaptive and flexible;
• an explicit policy learning approach.

National and sub-national policy regimes also need to deliver the core elements
of sustainable forest management relevant to plantation forests and ecosystem
goods and services. These comprise:

• land-use planning processes and mechanisms which ensure:
– the conservation of ecosystem goods and services at the appropriate

landscape scale, which will vary: for example, bio- (i.e. eco-)regional
planning is recognized as the best basis for conservation planning
(Kanowski et al, 1999; The Nature Conservancy, 2006), whereas
catchments are the relevant scale for planning related to water yield
(Vertessy et al, 2003);

– conservation at the stand scale where necessary, such as for forests of
high conservation or cultural value;
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• systems which assess and monitor, at appropriate scales and levels of
precision, the delivery of environmental goods and services from landscape
components, including plantation forests (e.g. Mercer, 2005; Alpízar et al,
2007);

• forest practices systems which are effective at the landscape and stand
scales, and across tenures and management regimes (e.g. Wilkinson, 2003);

• policy mechanisms and instruments which are effective, efficient and
adaptive, and relevant to both large- and small-scale plantation growers
(e.g. Mercer, 2005);

• an explicit adaptive management approach (e.g. Lindenmayer and
Franklin, 2005).

These features are consistent with those suggested by WWF (2002) as key
elements of sustainability for plantation forests; WWF’s elements also include
social criteria, viz. respect for the rights of communities and indigenous
peoples, and positive social impacts.

The particular mix of policy mechanisms and instruments which best
deliver these outcomes will vary between jurisdictions and with the target
ecosystem goods and services, as discussed in the following section.

Policy instruments and mechanisms
The instruments and mechanisms from which governance regimes for
particular purposes can draw are classified here, following Gunningham
(2007), as regulatory, voluntary, economic and community-based. Apart from
ideologues who believe in either the unfettered role of markets or the
incontestable role of the state, there is a high degree of consensus (see, e.g.
Scherr and White, 2002; van Bueren et al, 2002; Mercer, 2005; Gunningham,
2007) that environmental governance regimes should draw as appropriate on
each of the range of instruments and mechanisms, in forms that reflect the
particular political, institutional, social and economic circumstances, to deliver
their goals in efficient and effective ways. As Mercer (2005) observes in the
context of forests and ecosystem services, ‘deciding on the best combination of
policies … requires determining which ecosystem services are amenable to
market solutions, which require government intervention, and which require a
combination of government and market approaches’; one could extend his list
to include voluntary and community-based approaches.

The following sections briefly review each of the categories of instrument
and mechanism, and how they form part of environmental governance regimes
relevant to ecosystem goods and services from plantation forests.

Regulatory instruments and mechanisms
Two suites of regulatory instruments and mechanisms are relevant to this
topic. The first comprises those focused on land and forest management, which
‘use laws and policies to either dictate specific land management actions or
otherwise limit or control how landowners (public and private) manage their
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lands’ (Mercer, 2005). As discussed above, the limitations of these regulatory
approaches – principally their actual and political costs and feasibility, and
their relative effectiveness and efficiency – have been largely responsible for the
emergence and adoption of other approaches to environmental governance.
Nevertheless, regulatory instruments and mechanisms continue to play a
fundamental role in shaping, to varying degrees depending on the jurisdiction,
central policy issues – such as where plantations can and cannot be established,
the conservation obligations of and constraints on landowners, or the
minimum standards required of forest operations; these in turn impact on the
ecosystem goods and services outcomes from plantation forests.

The second suite of regulatory instruments and mechanisms comprise
those with which governments shape markets for ecosystem services, the space
for community-based initiatives, and – perhaps to a lesser extent – that for
voluntary actions. These policy settings, and the willingness of governments to
intervene should they fail to deliver intended outcomes, play a significant role
in determining the success of these other elements of environmental
governance regimes (Gunningham, 2007). For example, the baselines set by
governments are crucial to the success or otherwise of ecosystem services
markets (e.g. Wunder, 2005), as are the authority and legitimacy which
governments allow for community-based forest management (e.g. review and
results in Pagdee et al, 2006).

Voluntary instruments and mechanisms
Voluntary approaches to environmental governance are appealing for a variety
of reasons – for example, as an alternative to politically difficult regulation,
because they appeal to landowners’ commitment to stewardship, because of
their greater flexibility and lower costs (Mercer, 2005), or because they may fit
with progressive business strategies (Gunningham and Sinclair, 2002).
However, there are also real limits to voluntarism – it will not necessarily
address priorities for environmental outcomes (Mercer, 2005), and it is
unlikely to succeed in curtailing activities with adverse environmental
outcomes unless private and public interests coincide (Gunningham, 2007).

Nevertheless, voluntary approaches to delivering ecosystem goods and
services from forests are important and significant. Examples relevant to
plantation forests include the conservation easements common in the US,
including those associated with the sale of forestlands (e.g. The Nature
Conservancy, 2007), the growth of voluntary carbon markets (Capoor and
Ambrosi, 2007), or the commitment of individual forest owners or businesses
to identifying and protecting high conservation forests (e.g. Mondi, 2007). In
some cases, forest certification systems may require plantation design and
management practices that deliver ecosystem goods and services: examples
include the protection and enhancement of remnant natural forest in Brazil, or
of native grassland and water yield in South Africa (May, 2006; Kanowski and
Murray, 2008).

As Mercer (2005) notes, governments frequently encourage voluntary
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actions directed at forest conservation and ecosystem restoration by providing
economic incentives of various forms, as discussed below.

Economic instruments and mechanisms
Two sets of economic instruments and mechanisms are widely used to enhance
the delivery of ecosystem goods and services from forests. The first comprises
direct financial incentives from public funds to private forest owners; these
include direct payments, or those through cost-sharing arrangements or
subsidies, or tax relief. These mechanisms are widely used in, and often
fundamental to, natural resource policy regimes seeking to enhance the
delivery of ecosystem goods and services (e.g. Scherr et al, 2004; Mercer, 2005;
Weber, 2005). For example, most payments for water catchment-related
services are transfer payments from downstream users to upstream land
managers (Scherr et al, 2004); cost-sharing with landowners is the basis of
many schemes for biodiversity conservation on private lands, such as the state
of Victoria’s BushTender (Department of Sustainability and Environment,
Victoria, 2007).

The second set of instruments and mechanisms function through the
operation of markets for ecosystem goods and services, which now exist for a
number of ecosystem goods and services, in a variety of forms and scales (see
reviews by Landell-Mills and Porras, 2002; Scherr et al, 2004; Wunder, 2005;
Bracer et al, 2007). The value of these markets, while small – in comparison to
the value of the principal forest product valued by markets, viz. timber, and to
their potential – is nevertheless significant; for example, Scherr at al (2004)
estimated the annual value of direct and indirect payments for ecosystem
services of tropical forests to approximate that of total annual investment in
tropical forest conservation, viz. about US$2.5 billion.

Scherr et al (2004) classify these market mechanisms as, in addition to the
direct payments discussed above, ‘open trading under a regulatory cap or
floor; self-organized private deals; and ecolabelling of forest or farm products,
an indirect form of payment for ecosystem services’. Wunder (2005) suggests
a complementary classification based on three distinctions: between area-based
schemes, such as conservation easements, and product-based schemes, such as
ecolabelling; between public and private schemes, noting that the former are
generally larger in scope and more ambitious in goals; and between use-
restricting schemes, such as those focused on conservation, and those focused
on asset-building, such as reforestation of deforested sites.

The most developed and most international of the trading markets are
those for carbon sequestration (Scherr et al, 2004), although the proportion of
forest-based carbon traded remains small, at around 1 per cent of total carbon
market volume, due to regulatory complexities and limited access to the
European market (Capoor and Ambrosi, 2007). Trading markets have also
been established for a few other environmental services in some countries, e.g.
wetland mitigation banking in the US (Scherr et al, 2004). In the case of
biodiversity, Landell-Mills and Porras (2002) reported that, although various
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payment mechanisms for biodiversity conservation have been developed,
markets remain largely nascent and experimental, reflecting both the
intangibility and diffuseness of biological diversity. Similar constraints apply to
markets for landscape beauty (Landell-Mills and Porras, 2002). In some cases,
the ‘bundling’ of ecosystem goods and services offers a means to overcome
some of these limitations, and to reduce transaction costs (Landell-Mills and
Porras, 2002; Wunder, 2005).

There is little information about private arrangements for ecosystem goods
and services, but these are thought to be relatively limited in extent and impact
(Scherr et al, 2004). In contrast, the ecolabelling of forest and farm products
has developed rapidly (e.g. Cashore et al, 2004; Scherr et al, 2004), and in
some cases has made significant impacts on forest management for ecosystem
goods and services – although its benefits to producers have usually been in
terms of market access rather than in premium returns (Scherr et al, 2004;
Wunder, 2005).

Community-based instruments and mechanisms
Community-based instruments and mechanisms are particularly relevant where
natural resources are under community management (e.g. Wunder, 2005; Pagdee
et al, 2006), but may also be important where community-based movements
emerge for conservation or land rehabilitation (e.g. Australia’s Landcare –
Landcare Australia, 2007; Kenya’s Green Belt Movement – Green Belt
Movement, 2007). Use of community-based approaches may be a conscious
political choice to empower communities (e.g. Robinson, 2004, in Gunningham,
2007), or may reflect the established authority, effectiveness and legitimacy of
community-based management (e.g. Borrini-Feyerabend et al, 2008).

There are examples of communities self-organizing, or with external
facilitation, and securing payments for watershed protection and for carbon
sequestration, typically through reforestation of various forms (Scherr et al,
2004; Wunder, 2005). The structure of most ecosystem goods and services
markets currently favours – in Wunder’s (2005) terminology – asset-building
rather than use-restricting activities (Scherr et al, 2004), and thus facilitates the
provision of ecosystem goods and services from plantations. Scherr et al (2004)
note that rewarding the stewardship role which many communities play in
conserving forests will require the development of market structures more
amenable to supporting use-restricting activities.

Systems to govern forest practices and the delivery of
environmental goods and services
Mayers and Bass (1999) and Bass (2001) characterized the situation during the
1990s, in which environmental and forest policies were multiplying but
institutional and operational capacity diminishing, as one of ‘policy inflation,
capacity collapse’. This dysfunctional paradox highlights the need for effective
systems for operational implementation and monitoring, both of forest
management (Wilkinson, 1999) and for the delivery of ecosystem goods and
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services (Scherr and White, 2002; Mercer, 2005; Wunder, 2005). Such systems
are also fundamental to the adaptive management approaches inherent in
sustainable forest management (e.g. Lindenmayer and Franklin, 2005), and
underpin policy learning approaches to environmental governance (e.g.
Dovers, 2005).

Forest practices systems were reviewed briefly above. Wilkinson (2003)
notes the importance of establishing forest practices systems within an
appropriate regulatory framework; he identifies the components of this
framework as laws and policies, strategic and operational planning processes,
implementation and enforcement arrangements, monitoring systems, and
review and improvement processes. As with environmental governance
regimes more generally, forest practices systems can vary in emphasis along a
spectrum from command and control to self-regulation (Wilkinson, 2002);
Wilkinson (2003) discusses the advantages in a co-regulatory approach,
consistent with a new environmental governance model. Similarly, systems to
measure and monitor the delivery of ecosystem goods and services from
landscape components are essential in order to design, implement and assess
the effectiveness and efficiency of the policy initiatives intended to enhance
them (Binning et al, 2002; Alpízar et al, 2007). The state of development of
these systems varies (Wunder, 2005); for example, they are now reasonably
well developed for carbon sequestration, which has the advantage of being
relatively generalizable, but more embryonic for water catchment services or
biodiversity conservation, which are more spatially and perhaps temporally
variable. Extending these systems to assess the social values of outcomes is
especially challenging, but is necessary if investment choices are to be well
informed and unbiased (Mercer, 2005).

Designing governance regimes to enhance the provision of
ecosystem goods and services from plantation forests

As noted in the preceding discussion, governance regimes to enhance the
provision of ecosystem goods and services from plantation forests need to be
specific to particular policy, institutional and implementation contexts. They
will also need to be adaptive, recognizing that policy development and
implementation are essentially experimental (Dovers, 2005), and thus
incorporate adequate monitoring, evaluation and review processes. In this
context, a number of recent reviews (Landell-Mills and Porras, 2002; Scherr
and White, 2002; Scherr et al, 2004; Gunningham, 2007) have suggested
principles or criteria to inform the development of these governance regimes
and the choice of policy instruments and mechanisms. The discussion below
draws from these.

The role of the state
A fundamental issue in designing governance regimes is that of the role of the
state, as this defines – deliberately or by default – the space for, and role of,
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other elements of new-generation approaches. Gunningham (2007) suggests
that a number of state roles are clearly evident from experience to date with
new-generation approaches to environmental governance:

• definitional guidance – describing and defining the nature of the
governance arrangements; including their focus, intended outcomes,
geographical and participatory scope, legal basis, funding arrangements,
and relationship to other institutional structures. In many cases, this will
also extend to a policy coordination role once arrangements are
implemented;

• participatory incentives – either positive inducements or negative sanctions
for targeted actors to participate in the particular governance
arrangements;

• enforcement capability – to ensure that other participants fulfil their
obligations, particularly where – as is commonly the case – there are costs
to some actors of compliance.

A second set of roles which governments play are those noted by Scherr et al
(2004) – in establishing the enabling conditions and setting the rules for
markets for ecosystem goods and services, and in engaging in those markets as
both a buyer of many ecosystem services and a catalyst for private-sector
participation. These activities include establishing baselines and caps, and
regulations that govern trading schemes; establishing or clarifying property
rights; and facilitating the development of the institutions necessary for
markets to function efficiently and with acceptable transaction costs.

Choosing instruments and mechanisms
Scherr and White (2002) identify five key factors – implementation contexts,
biophysical features of ecosystem services, management complexity, economic
costs, and equity – as fundamental to the choice of instruments and
mechanisms to enhance the provision of ecosystem goods and services. Each of
these is discussed below.

Implementation contexts
The general implementation contexts are established by the international,
national and sub-national policy regimes and institutional arrangements
discussed above. Within these, Scherr and White (2002) identify the features of
political, institutional and economic conditions directly relevant to the choice
of instruments and mechanisms to promote ecosystem services.

The political conditions comprise:

• the extent of environmental consciousness in society;
• the perceived legitimacy of different interests and forms of action; and
• the relative power of those different interests.

192 ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 192



The institutional conditions comprise:

• the clarity and security of rights to ecosystem services and to land;
• the capacity of local institutions; and
• the degree of trust that exists between key stakeholders.

The economic conditions comprise:

• the perceived economic value of the ecosystem service, and the associated
willingness of users to pay for the service;

• the capacity of producers of the service to respond to payment with
improved management for that service; and

• the sensitivity of the instrument to opportunity costs.

Interpreting these in general terms, it is clear that higher levels of
environmental consciousness are likely to empower both the state and other
actors seeking environmental outcomes, but outcomes will still be shaped by
the relative power and interests of different groups and societal mores about
the legitimacy of different approaches – such as, about the degree of regulation
versus voluntary action. For example, forest practices systems for private
forests in the south-eastern US have a much greater degree of voluntarism than
those in the Pacific coast states of the US (McDermott et al, 2007).

The institutional conditions described by Scherr and White (2002) each
represent enabling conditions; the greater each is, the more likely that effective
governance arrangements to enhance the provision of ecosystem goods and
services can be realized, and that those arrangements can be built around non-
regulatory instruments and mechanisms. Similarly, where an ecosystem service
is highly valued, users have a high willingness to pay, payments will strongly
impact on management, and the instrument is sensitive to opportunity costs,
some form of market-based mechanism is likely to be attractive and effective
in enhancing ecosystem goods and services. Delivery of high-quality drinking
water from forested catchments might be such an example (Porras et al, 2008).

Biophysical features of ecosystem goods and services
The purpose of characterizing the biophysical features of ecosystem goods and
services is to establish the nature of relationships between them and land-use
and management regimes (Scherr and White, 2002; Wunder, 2005). As
discussed above, and as many reviews of forest ecosystem services (e.g. Binning
et al, 2002; Landell-Mills and Porras, 2002; Scherr et al, 2004; Mercer, 2005;
Wunder, 2005) note, there are many complexities and various uncertainties
associated with the measurement of ecosystem services and their attribution to
particular parts of the landscape and to particular management regimes. In
some cases, such as carbon sequestration, the services are relatively easily
measurable, approaches relatively generalizable, and the impacts of
management regimes reasonably clear; for others, particularly those with
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strong and dynamic spatial and temporal dimensions – such as catchment
services and biodiversity – assessment and attribution may be very difficult at
levels of resolution relevant to small-scale landowners in complex landscapes.

Our relatively poor knowledge of many of these relationships, and the
high costs of acquiring better knowledge, means that proxies and
approximations are commonly necessary, and favour the bundling of
ecosystem goods and services (Landell-Mills and Porras, 2002; Wunder,
2005). The lack of such knowledge for ecosystem goods and services judged
to be important also defines the research agenda to inform policy
development and implementation (Mercer, 2005; Bracer et al, 2007). As
Mercer (2005) notes, there is also a parallel social sciences research agenda
necessary to inform our understanding of the relationships between ecosystem
goods and services, and social values.

Management complexity
It is evident from reviews such as those by Dovers (2005) or Gunningham
(2007) that effective environmental governance arrangements are inherently
complex, and that realizing their potential poses challenges to all actors, in
both the public and private sectors. It is also the case that arrangements
typically become more complex over time, as governance systems and markets
adapt to new circumstances and seek to address deficiencies. Wilkinson (2002,
2003) noted this phenomenon for forest practices systems, and – similarly –
ecosystem services markets have become increasingly complex and
sophisticated as they have developed (Scherr et al, 2004; Capoor and Ambrosi,
2007). These realities emphasize the need both to develop arrangements which
are locally appropriate and functional, and for investment in capacity-building
to enable participation in and evolution of these arrangements (Scherr and
White, 2002; Scherr et al, 2004; Bracer et al, 2007). Whilst this need is often
most acute for small-scale producers in economically less-developed countries,
it is not confined to them.

Costs and risks
The direct and transaction costs and their distribution, and the levels of risk,
associated with different governance arrangements are important
considerations in the design and implementation of environmental governance
regimes. For example, Mercer (2005) presents a comparison of the relative
costs – classified as transaction, monitoring, enforcement, opportunity and
political – associated with a suite of regulatory, economic and voluntary
instruments and mechanisms to promote environmental restoration, and
considers their distribution among different interests. Suites of risks are
associated with the structure and operation of markets, and are greatest for
those who are least well-informed; Scherr et al (2004) identify the need for
both public and private sector investments in institution-building and
innovation, to reduce transaction costs, which may be very high – especially
for small-scale participants – and the levels of financial risk inherent in market

194 ECOSYSTEM GOODS AND SERVICES FROM PLANTATION FORESTS

3569 EARTH Ecosystem Goods  4/8/10  1:04 PM  Page 194



participation. Wunder (2005) suggests a number of strategies for mitigating
these risks for small-scale, poor, participants in ecosystem services markets,
and emphasizes the importance both of understanding their constraints and
preferences, and of adapting mechanisms to address these.

Equity
Equity considerations for governance regimes to promote ecosystem goods and
services relate principally to the regulatory treatment of different actors, and
the extent to which they can access economic instruments and mechanisms.
Historically, regulatory regimes such as forest practices systems have often
treated different actors – e.g. public and private sectors, large- and small-scale
landowners, and natural and plantation forests – differently (e.g. McDermott
et al, 2007); given the interdependencies of ecosystem services across
landscapes, more consistent treatment should be one of the goals of
environmental governance regimes.

Small-scale producers face particular difficulties in engaging with and
benefiting fully from commodity markets (e.g. Mayers and Vermeulen, 2002;
Harrison et al, 2003), or from ecolabelling schemes (e.g. Nussbaum and
Simula, 2005), and this is also the case for markets for ecosystem goods and
services. This situation is exacerbated for the poor, particularly in
economically less-developed nations (Scherr et al, 2004; Wunder 2005). At
worst, the livelihoods of the natural resource-dependent poor may be
threatened if their interests are displaced by ecosystem service-oriented land-
use activities; conversely, ecosystem services markets also offer a potential
means to generate economic and environmental benefits for the poor (Scherr
and White, 2002; Wunder, 2005). As Wunder (2005) points out, as well as
comparative disadvantages likely to characterize small-scale landowners –
typically high transaction costs, limited resources, and often insecure rights –
they may also have advantages – in particular, lower opportunity costs than
other actors. However, as Scherr et al (2004) note, proactive strategies will be
necessary to ensure that the poor and small-scale landowners can access and
benefit from ecosystem service markets, as has been the case with other
market-based mechanisms such as forest certification (Nussbaum and Simula,
2005).

Implementing governance regimes to enhance the provision
of ecosystem goods and services from plantation forests

Given the diversity of national and sub-national contexts of the ways in which
environmental governance regimes can be constituted, and of landscapes in
which plantation forests are situated, the preceding discussion has necessarily
been at a high level of generalization. This concluding section suggests a series
of steps by which the general principles and elements of the governance
framework presented in Figure 7.1, and discussed above, can be implemented.
It assumes – consistent with the above definition under ‘policy lessons from a
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century of plantation forestry’ – that plantation forests are established for
commercial purposes, but recognizes that – while wood production is likely to
be an important commercial product – other goods and services may also be
marketable, and are not necessarily subsidiary to wood or to other forest
products in terms of the owner’s objectives or their economic value.

Step 1. Develop and communicate the knowledge base 
The purpose of this step is to characterize – at least to a level sufficient for
policy and market development – the relationships between landscape
components, including plantation forests, and ecosystem goods and services,
and the values which societies accord particular ecosystem goods and services.
As Mercer (2005) notes, this information represents the supply and demand
sides, respectively, of the ecosystem goods and services equation. This
knowledge base will also need to address the impacts of alternative
management regimes.

As discussed, these relationships for forests and carbon sequestration are
now relatively well known and generalizable; those for water are also relatively
well known in general terms and more specifically for some catchments; but
whilst the principles for biodiversity and landscape values are relatively
apparent, their expression is typically very context-specific, and more
complicated by the interactions between landscape components. For practical
purposes, various levels of assumption and approximation are likely to be
necessary.

This information – and its communication to policy-makers, forest
managers and other stakeholders – should provide the basis for decisions
about the roles that plantation forests will be expected to play in the delivery
of ecosystem goods and services in particular landscape and social contexts.

Step 2. Agree what contributions plantation forests should make to the
delivery of ecosystem goods and services, and establish plantation
planning and management frameworks that deliver them
This step comprises two interdependent components. The purpose of the first
is to reach sufficient societal consensus about the contributions plantation
forests should make to the delivery of ecosystem goods and services in
particular landscape and social contexts. This is an expression of social values,
and is therefore inherently political; but it needs to be informed as much as
possible by the scientific information generated by Step 1, and by the trade-offs
likely to be identified in the planning processes described below.

The purpose of the second component is to establish plantation planning
and management frameworks which give effect to these agreed goals, and to
the principles of sustainable forest management. These processes should
ensure that plantation establishment and management either avoid, or
contain to agreed levels, the adverse impacts plantation forests can have on
ecosystem goods and services; that the ecosystem goods and services
expected, at landscape and stand scales, are delivered; and that these goals
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are realized consistent with the principles of sustainable forest management.
In practice, this step requires conservation planning and management on a
bioregional basis; planning and management on a catchment basis;
landscape planning and management at appropriate, variable scales down to
the level of forest stands; and the consideration of various land-use and
management options. These planning and management processes will also
need to respect forest and other landscape components of particular
significance, such as those of high conservation or cultural value, and
societal values more generally. They also require consideration of the form,
composition and management of plantation forests that are appropriate and
feasible in each particular context.

The outcomes of this step should be the identification of those parts of the
landscape in which plantation forests could or should be established, their
scale and design and their composition and management, so that they deliver
the desired environmental goods and services as well as the intended wood and
non-wood forest products.

Step 3. Design the governance regime for ecosystem goods and
services, implement its components and monitor outcomes
The purpose of this step is to define and implement the most appropriate mix
of regulatory, voluntary, economic and community-based instruments and
mechanisms to deliver the outcomes sought from Step 2. The regime will be
shaped by policy and institutional contexts, institutional capacities (by the
extent to which markets exist or can be developed for ecosystem goods and
services) and by social preferences and mores. Governments will play critical
roles in shaping both regimes as a whole, and their components – for example,
through the design and implementation of regulatory systems, through
establishing the rules under which markets for ecosystem goods and services
operate, and – where necessary – in catalysing and fostering markets, and
voluntary and community-based initiatives. Both governments and business
will need to pay particular attention to the impacts of regimes on small-scale
landowners and forest growers, and the poor. There is now a wealth of
literature, and an emerging body of practice, to inform and assist the
development and evolution of appropriate governance regimes.

In the context of environment governance regimes, any particular
instrument or mechanism is a means to an end, rather than an end in itself.
However, in designing governance regimes, there may also be broader social
and political objectives in the choice of instrument or mechanism: for example,
fostering entrepreneurial skills, or strengthening community-based
institutions.

The outcomes of this step should be a socially appropriate, functional and
adaptive governance regime to enhance the provision of ecosystem goods and
services from plantation forests of all scales.
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Step 4. Establish effective forest practices systems, and systems for
monitoring the delivery of ecosystem goods and services
The purpose of this step is to ensure that the operational management of
plantations delivers the goals agreed above, and is consistent with the
principles of sustainable forest management as articulated in forest practice
codes or the equivalent. The essential features of forest practice systems, and
the requirements for them to be implemented effectively, are now well
established. These systems are the principal means for governing operational
management, and thus ensuring that plantation forestry management activities
comply with agreed expectations and standards, as well as providing essential
information for adaptive management. Their effectiveness is likely to be
enhanced by the participation of the forest grower in a credible forest
certification scheme.

Similarly, the purpose of systems for monitoring the delivery of ecosystem
goods and services is to ensure that agreed goals are realized. Their
implementation has many commonalities with that of forest practice systems,
and there are obvious advantages in integrating the two systems to the fullest
extent possible.

The outcomes of this step will be plantation forest operations consistent
with forest practice requirements, which deliver the ecosystem goods and
services expected of them, and which are adaptive on the basis of information
generated by constituent monitoring and review processes.

Conclusions

Because most plantation forests of the 20th century were narrowly conceived,
and because the dominant interests in societies often accorded little formal
value to the ecosystem goods and services on which plantation forests
impacted, the impacts of many 20th-century plantation forests on ecosystem
goods and services were adverse or sub-optimal. Changing societal values,
more progressive thinking about the potential roles of plantation forests, and
the emergence of new forms of environmental governance regimes intersect to
create a policy environment which is much more enabling of the provision of
ecosystem goods and services from plantation forests.

Consistent with the widely agreed principles of sustainable forest
management, societies have the right to expect that plantation forests will
deliver more benefits than costs – although the interpretation of how that
balance is constituted will remain, ultimately, a value judgement. However, it
is clear that enhancing the provision of ecosystem goods and services from
plantation forests is an important element of realizing the benefits of this form
of forestry, and gaining or maintaining social licence for plantation-based
industries to operate. This is recognized by progressive plantation growers and
by many forest certification schemes.

It is also apparent, from both operational experience and from research,
that appropriately planned, designed and managed plantation forests can
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deliver a range of ecosystem goods and services, at both landscape and stand
scales. The suite of impacts and benefits associated with plantation forests will
typically differ from those of other landscape components, emphasizing the
need to assess, agree and manage the impacts and contributions of plantation
forests to ecosystem goods and services in a landscape context. The growing
body of knowledge about these impacts and contributions provides the
foundation for developing governance regimes which enhance, in ways
consistent with the principles of sustainable forest management, the provision
of ecosystem goods and services from plantation forests.
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8
Ecosystem goods and services – 

the key for sustainable plantations

Jürgen Bauhus, Benno Pokorny, Peter J. van der Meer,
Peter J. Kanowski and Markku Kanninen

Improved ecosystem services from plantations of the future

Mankind has altered and transformed 40–50 per cent of the ice-free terrestrial
surface of the Earth and appropriates an estimated 20 per cent of the global
net primary production (Imhoff et al, 2004). The world’s population is
predicted to increase by 34 per cent from today to reach 9.1 billion people in
2050 (FAO, 2009). At the same time, this population will be more urbanized
and have higher income levels than today. This larger and richer population
will place unprecedented demands on the Earth’s natural resources for the
production of food and fibre (FAO, 2009). Currently humans appropriate
40–50 per cent of the available fresh water, and this is predicted to increase to
70 per cent by 2050 (Postel et al, 1996). In addition, it has been estimated that
humans have doubled the nitrogen inputs from fertilizing agricultural systems
and fossil fuel burning into terrestrial ecosystems (Vitousek et al, 1997), and
the current atmospheric nitrogen deposition has enhanced the forest carbon
sink by some 10–20 per cent (Schulze et al, 2009). These figures indicate that
a large proportion of the increase in the production of food and fibre has come
through intensification of agricultural and forest management systems,
although extensification of agriculture and plantation forestry through land-
use change, e.g. forest clearing, has also contributed to this. It is expected that
20 per cent of the required increase in food production in countries with
developing economies between now and 2050 will be contributed through the
extensification of agriculture. These projections demonstrate that there will be
intense competition for land between different land-use options such as food
production, production of timber, fibre and biofuels as well as nature
conservation, and the development of urban areas and infrastructure. The
growing demand for food, fibre, water, etc. is likely to lead to further
deteriorations of ecosystem services as has been documented in the Millenium
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Ecosystem Assessment (2005). The projections also stress that we need to be
mindful about the possible consequences of replacing natural ecosystems that
provide great benefits to human societies such as clean drinking water, soil
protection, etc. Many of the ecosystem services they provide are irreplaceable,
or the technology necessary to replace them is prohibitively expensive (Palmer
et al, 2004). Thus the role of both natural and replacement, or man-made
ecosystems in maintaining these services becomes increasingly important. In
the past, tree plantations have had ambivalent roles with regards to ecosystem
services. Their production function has served in a very efficient way to meet
the growing demand for wood products. However, where tree plantations have
replaced native ecosystems (forests or grasslands), many ecosystem services
have deteriorated. The expansion of fast-growing industrial plantations for
pulp, together with the rapid expansion of oil-palm plantations, has been a
major driver of deforestation in the past, for example in Indonesia (Barr, 2002;
Uryu et al, 2008). Where plantations were established on degraded or former
agricultural land, many ecosystem services improved (see previous chapters
and Cossalter and Pye-Smith, 2003). The future development of forest
plantations, both in terms of extent as well as quality and management has to
be viewed in this context.

Although there is great uncertainty about the future development of the
spatial extent of the different land-use options (Lambin et al, 2001; Berndes et
al, 2003; de Groot et al, in press), it is unlikely that tree plantations will occupy
substantial shares of the land suitable for sustainable agriculture, unless there
are political instruments such as a carbon tax, and incentives or subsidies, for
example for bioenergy, that make the products and services from plantations
more valuable than agricultural commodities (Johansson and Azar, 2007).
Given the likely increasing competition for land and the growing need also for
ecosystem services, plantations would be best established in locations where
they contribute to improving ecosystem and landscape functioning and thus
contribute to increasing the provisioning of ecosystem services. Due to
improved industrial safeguards, certification schemes, REDD+ schemes, and
needs for better corporate social responsibility, it is likely that much of the
future expansion of plantations will take place in areas in need of restoration,
i.e. degraded tropical lands (e.g. Otsamo, 2001). Also areas which are
marginal for agriculture, or where synergies between agricultural production
and tree plantations can be achieved may become more attractive for
plantation expansion. This is particularly the case in those tropical countries,
where the reduction of natural forest cover has produced large areas of forest
and agricultural mosaics (de Jong, 2010).

Areas in which plantations can contribute positively to improving
ecosystem services may comprise land degraded through unsustainable past
land use (Evans and Turnbull, 2004; Metzger and Hüttermann, 2009), or
marginal land, where agricultural intensification, e.g. through irrigation, is not
possible. However, the term ‘degraded land’ is highly subjective and is not a
terra nullius for afforestation projects. Livelihoods of many people, in
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particular in countries with developing economies, depend on the use of
‘degraded’ land, even if restoration through afforestation would yield higher
returns in the future (Hunter et al, 1998). In the tropics and subtropics, much
of the restoration of degraded land has been through afforestation with
industrial monocultures involving a limited number of species from very few
tree genera. Although these efforts may have been successful in terms of
generating goods such as pulpwood, very few of these plantations provide the
variety of goods and services to the local people that were once provided by
the original forests or even the degraded systems that were replaced (Lamb et
al, 2005). However, restoration approaches that diminish the provision of
ecosystem goods and services that people gain from such degraded land, e.g.
through grazing, will not receive lasting support (Maginnis and Jackson,
2005). Ignoring the immediate needs of local populations and replacing their
use of land with tree plantations that could not maintain their livelihoods has
led to the failure of many such projects in the past (see also Chapter 6). This
type of situation highlights the need to design plantations and landscapes
containing plantations to accommodate the needs of local people for the range
of ecosystem services they depend on. In many regions, plantations have
already been effectively used to restore forest ecosystems (Parrotta et al, 1997)
and the economic, social or environmental services they provide
(Chokkalingam et al, 2006; de Jong, 2010). There is growing evidence that
plantations can effectively assume the provision of several ecosystem services,
such as maintaining water and nutrient cycles, soil protection and the
provision of habitat for biodiversity (see Chapters 3, 4 and 5 in this book). In
addition, the focus on ecosystem services in restoration efforts does not
contradict but may complement socio-economic objectives such as poverty
alleviation (Lamb et al, 2005; Mansourian et al, 2005).

Owing to their very efficient system of wood production, tree plantations
are indispensable. The role of plantations has been ambivalent in the past, and
therefore there has been much controversy about plantations (Cossalter and
Pye-Smith, 2003; Kanowski and Murray, 2008). To improve the role of
plantations and to reduce the conflict about their use, new approaches for
plantation forestry, including an orientation towards ecosystem services, are
required.

Different international processes have aimed to define some principles to
guide the future development and management of plantation forests to ensure
that they meet not only global but also regional and local demands for all the
goods and services they can offer (Chapter 7; Kanowski and Murray, 2008).
One example of such principles can be seen in the Voluntary Guidelines for the
Responsible Management of Planted Forests (Box 8.1).

As can be seen from Box 8.1, the maintenance or enhancement of
ecosystem goods and services is central to all but the institutional principles. In
addition, or more explicitly, intelligent solutions for plantations should feature
ecological restoration, aim to achieve optimum productivity of multiple
products and services rather than maximum productivity of one product and
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should be characterized by closed cycles of nutrients and energy conservation.
These requirements lead inevitably to knowledge-intensive systems, which is
captured in the institutional principles of the FAO Voluntary Guidelines (Box
8.1). The plantations must also be economically profitable from the
perspective of investors or owners, and they should also provide economic
benefits to local and regional economies.

Where plantation planning and management is following the above
principles, plantations can make substantial contributions to the delivery of
ecosystems services, many of which are becoming more rather than less
important (Kanowski and Murray, 2008).

Plantations as designer ecosystems

Forest plantations are in most situations artificial ecosystems, designed to be
simple so that they can be easily and efficiently managed for the purpose of
wood production. However, artificial ecosystems must not be simple or have a
narrow focus. Recently, designer ecosystems have been proposed to create well-
functioning communities of organisms that optimize the ecological services
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Box 8.1 FAO principles for the responsible management of planted forests

Institutional principles 
1 Good governance
2 Integrated decision-making and multi-stakeholder approaches
3 Effective organizational capacity

Economic principles
4 Recognition of the value of goods and services
5 Enabling environment for investment
6 Recognition of the role of the market

Social and cultural principles
7 Recognition of social and cultural values
8 Maintenance of social and cultural services

Environmental principles
9 Maintenance and conservation of environmental services 

10 Conservation of biological diversity
11 Maintenance of forest health and productivity

Landscape approach principles
12 Management of landscapes for social, economic and environmental benefits

Source: FAO, 2007
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available from coupled natural–human ecosystems (Palmer et al, 2004). Here,
the design may not just be concerned with the choice of tree species and the
arrangement of trees, but with the creation of entire ecological communities and
functioning landscapes to meet specific services, and the use of complex biotic
interactions becomes the key technology (Shiyomi and Koizumi, 2001;
Kirschenmann, 2007). Such designed plantation ecosystems are not modelled
after historical references of ecosystem structure and function for a given
location, as is typically the case in ecosystem restoration efforts. Instead, such
systems may be designed to mitigate unfavourable conditions by means of novel
mixtures of native and non-native species with particular traits that favour
specific ecosystem functions (Palmer et al, 2004). They are thus not a substitute
for natural systems, but in our highly modified world, they can take over
functions of natural systems or ease the pressure on natural systems. In
addition, these designed systems can take account of changing environmental
conditions in the future, if the knowledge exists, how well the different species
and communities will cope with or perform under the new conditions that may
be brought about by climate change, species invasions or other forces shaping
ecosystems (van der Meer at al, 2002; Seastedt et al, 2008). In more complex
settings, plantations may take over the functions of completely different
ecosystems such as wetlands or of technical solutions such as sewage treatment
plants. For example, in an increasingly urbanized world, safe and
environmentally sound ways to treat and dispose of effluent or biosolids
produced by industries and urban centres may include the use of irrigated tree
plantations (e.g. Hopmans et al, 1990; Myers et al, 1999; Börjesson and
Berndes, 2006). In addition to being a safe and low-cost solution to the cleaning
of wastewater and recycling of nutrients, these plantations can provide energy,
timber and even amenity values. The combination of these functions is likely to
be particularly promising in peri-urban areas of arid and semi-arid regions,
where a large proportion of available water is appropriated by humans and
where the increasing demand for firewood has led to the degradation and
depletion of natural forest and woodland systems.

Plantations composed of salt-tolerant species and placed in specific
locations in the landscape can assume important ecosystem functions, such as
the maintenance of hydrological balance, to uphold the viability of agricultural
landscapes in many dry regions of the world. Here, elevated saline
groundwater tables, which may be the consequence of irrigation or of clearing
deep-rooted perennial vegetation for pastures and cropping or of irrigation,
threaten the continuation of agricultural land use (Johnson et al, 2009).
Planting of trees to reduce the recharge of groundwater and to increase the
discharge from groundwater can help to lower the water table or stop it from
rising further to the surface (Chapter 4 in this book; Nambiar and Ferguson,
2005). Depending on the salt concentration of the groundwater and the height
of the water table, different types of trees (or shrubs) may be most suitable for
this purpose, in many cases non-native species (e.g. Mahmood et al, 2001).

These are just a few examples, where the main purpose of plantations may
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be on specific ecosystem services, and wood production assumes a secondary
role. The conditions under which such purposefully designed plantations are
established may be adverse or sub-optimal for tree growing, so that the costs
for establishment and maintenance may not be recouped through the
production of timber. Where the plantation owner is not also the direct
beneficiary of the ecosystem service(s) provided, mechanisms such as payment
for ecosystem services (PES) must be developed to reward plantation owners
for providing these services. PES is often defined as voluntary, conditional
transactions between the buyer and the seller for well-defined environmental
services or corresponding land-use proxies (Wunder, 2005). A comparative
study carried out by Wunder et al (2008) analysed 14 PES or PES-like
programmes in developing and developed countries. The vast majority of the
programmes studied were related to management or protection of watersheds
through natural forests. Only three of the cases studied included forest and tree
plantations (afforestation, reforestation, agroforestry) as eligible activity of the
programme, indicating that so far plantations have not been used much within
such schemes.

Payments for ecosystem services may be in the form of carbon credits and
other credits for specific ecosystem services, e.g. salinity credits. However,
where plantations on marginal land for tree growing are required over large
areas to restore landscape or watershed functioning, the amount of financial
assistance required for tree growers to break even can quickly reach very large
sums. For example, Ferguson (2005) calculated for the Murray-Darling Basin
in Australia that for eucalypt or pine plantations on land of lower productivity
(mean annual increment of 15m/ha/yr) up to AU$2000–3000/ha respectively
may be required in the form of salinity credits to achieve a net present value of
zero, after accounting for revenues from timber and carbon credits. 

One of the important challenges to facilitate schemes such as PES or other
reward systems and to facilitate sound landscape planning is to develop ways
to measure the ecological functions of plantations (Hartley, 2002; Dudley,
2005). If in future, plantation design and management should consider more
fully the whole range of ecosystem goods and services, both agreed systems for
valuing goods and services (see Chapter 2) and a good understanding about the
compatibility, and possible trade-offs and synergies among ecosystem goods
and services are required.

Synergies and trade-offs between ecosystem goods 
and services

To enable implementation of plantations according to the FAO principles (Box
8.1), in particular in relation to effective, transparent and integrated land-use
planning, the costs and benefits and synergies and trade-offs of the many
different options that may be available must be known or assessable. Therefore
agreed valuation systems for ecosystem goods and services are required (see
Chapter 2). Financial valuations often disregard the importance of social and
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cultural values, although the latter are important and should still have a place
in decision-making (see principle 4 in Box 8.1). In economic terms, all goods
and services can be defined as use values and non-use values. Socio-cultural
values are usually lower in plantations than in natural forests and the
ecological values of plantation forests depend largely upon the condition of the
landscape replaced by the plantation. Although valuation systems, as discussed
in Chapter 2, have a number of shortcomings, they can help to highlight the
synergies, trade-offs and implications of different design and management
options for plantations.

There is no form of plantation management, or any other form of natural
resource management for that matter, that can provide a maximum of all
ecosystems goods and services to all stakeholder groups. Some of the services
conflict with each other and it would not be possible to try to maximize wood
production, carbon sequestration, conservation of biodiversity, and social and
cultural benefits in the same plantation stand (Figure 8.1). However, as
formulated in the last of the FAO principles for responsible management of
planted forests, new approaches would seek a balance of economic,
environmental and social objectives at higher spatial scales. With increasing
spatial scale, that is moving from one plantation stand or one property to the
watershed or landscape, it becomes increasingly easier to reconcile conflicting
or non-complementary objectives of management. In addition, in any
landscape setting there will be a range of different interest priorities with
regard to natural resource management represented by different stakeholder
groups or sections of society (Brown, 2005). Satisfying these interests in
different parts of the landscape may reduce conflict. Also, many of the
ecosystem services depend on ecosystem processes that operate at different
spatial and temporal scales, many of which exceed the scale of traditional
management (Christensen et al, 1996), such as plantation stand or block and
rotations. To appropriately consider these spatial and temporal dimensions,
models are required that permit the analysis of spatial and temporal
interactions of different types of land use on the provision of ecosystem
services in the landscape. The actual planning of plantations in the landscape
would be best based on a decision support framework including steps such as
environmental and social impact assessments that draw on this information
about cost and benefits as well as trade-offs and synergies associated with the
different options. An example for such a decision support framework can be
found in Kanowski and Murray (2008).

There are several studies dealing with tools to assess the effect of
silvicultural techniques on the maintenance and provision of forest goods and
services. For example, Köchli and Brang (2005) modelled the effect of different
forest management scenarios on recreational suitability and water- and air-
purification potential. They show how such an approach may help to explain
how different goods and services are interrelated, and what the trade-offs are
of the various stand types. Other studies show that the inclusion of high
conservation value areas and biodiversity corridors could help to improve
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biodiversity levels in plantation areas without affecting the production
function (e.g. Barlow et al, 2007; Cyranoski, 2007).

Table 8.1 is an attempt to illustrate these trade-offs between a range of
ecosystem goods and services related to the management options at the spatial
scale of plantation stands and landscapes. Here, the management encompasses
different silvicultural options, which have already been mentioned in Chapter
5, and landscape-level planning options. In the following, some examples from
this table, which reflects the information provided in previous chapters, will be
explained.

As can be seen from Table 8.1, most of the measures that benefit
biodiversity, impact negatively on plantation productivity, both at the stand as
well as the landscape level. However, at the landscape level, it would be
important to separate between effects that impact on the production per unit
of planted land or on the overall plantation estate including other forms of
vegetation or land-use types. For example, maintaining corridors of native
vegetation instead of converting them to plantation stands, may reduce
productivity at the estate or property level, but there is no likely negative
influence on the productivity of the plantation stands. Perhaps these are on
average even more productive and more efficient to manage, if the native
vegetation is occupying parts of the landscape that are less fertile or difficult
to cultivate, such as wet soils, steep slopes or rocky outcrops. The synergies
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Figure 8.1 With decreasing scale of management, the conflict between the
provision of different ecosystem services or forest values increases.

Sustainable solutions aiming at the balanced provision of ecosystem goods
and services can only be achieved at higher spatial scales of management

Source: adapted from Bauhus, 1999
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and trade-offs between biodiversity and productivity at the landscape level
depend largely on the forest policy context. If plantation establishment is
directly related to and dependent on the area of native forests set aside for
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Table 8.1 Estimated trade-offs between the effects of certain management
options on selected ecosystem goods and services including the provision of

biodiversity, carbon sequestration or storage, clean water in sufficient
quantity, and provision of non-wood forest products

Management options Plantation Biodiversity Carbon# Water* Amenity
productivity values

Stand level
Structural retention – + ? + +

Use of native species – + (–) (+) +

Mixed-species stands + + + – +

Long rotations – + ? + +

Thinning 0 + – + (+)

Site preparation + – ? ? –

Herbicides and fertilizer + – ? – –

Landscape level
Riparian buffers (of native vegetation) – + (+) + +

Retaining patches of native vegetation – + (+) + +

Connectivity between plantations 
and native forests 0 + 0 0 +

Maintaining landscape heterogeneity 
(different land-use types,
special places, etc.) – + ? + +

# Regarding the influence of plantations to reduce atmospheric CO2, sequestration and storage need to be
separated. Sequestration, the uptake of carbon into vegetation and its partial transfer into the soil pool, removes
CO2 from the atmosphere. This process is tightly coupled with plantation productivity. Storage of C in vegetation
and soils simply prevents C from being released to the atmosphere as CO2. Forest systems such as plantations
may have a high sequestration potential but little storage, whereas the opposite situation can be found in old-
growth forests. For many of the management options it is difficult to ascertain the effect that they have on
atmospheric CO2 since this depends to a large extent on the fate of the material harvested (see Chapter 3). If the
harvested wood is turned into long-lived products, which, at the end of their service live, are used energetically
to offset fossil fuel burning, the effect can be very positive. In contrast, if the wood is turned into short-lived
products (such as paper), and is not subsequently used as an energy source, the overall effect may be less than if
the wood was left in the forest to decay (Profft et al, 2009). Therefore, the ultimate effect of plantations on C
cycling and atmospheric CO2 cannot be assessed within the plantation management system.

* For the purpose of this assessment, management options were considered to have a positive effect on water
services, if they contribute to cleaner water and more groundwater recharge from the land (but see discussion on
salinity, Chapter 4). The effect is considered negative, if planning or management options lead to water pollution
and reduced groundwater recharge from the land carrying plantations.

Note: + = positive effects, – = negative effects, 0 = neutral effect, ? = unknown or uncertain effects, brackets
indicate that the effect may not be so clearly positive or negative depending on other factors not captured here
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conservation, there can be strong synergistic effects (Paquette and Messier,
2010). In addition, there are also options to increase biodiversity values that
have little or no additional costs (see Chapter 5).

Most measures that are suited to improving biodiversity in plantation
landscapes also have positive effects on amenity values. Owing to their
orderliness and their uniformity in shape, structure and composition,
plantations can have a dramatic impact on amenity and recreational values
(Evans, 2009). Artificial boundaries, strong contrasts and sharp edges between
stands and large clear-felled areas or other land-use types and the monotony of
landscapes dominated by single species are important aspects of how the
public perceives planted forests, although perception may also be influenced by
the designation of the forested landscape (Anderson, 1981) and the history of
afforestation and forest use (Ní Dhubháin et al, 2009). However, the
preservation of patches of native vegetation and the maintenance of landscape
heterogeneity as well as the creation of stand structural diversity, are likely to
benefit the cultural services of planted forests.

In general, there are mostly synergies between the supporting ecosystem
services such as the maintenance of soil resources, water and nutrient cycles,
and biodiversity. However, most of the above-listed management options that
have a direct or indirect negative effect on plantation productivity, have a
positive influence on water services and vice versa (e.g. Vertessy et al, 1996;
Jackson et al, 2005). However, this does not apply universally to all other –
including undesirable and unintended – negative effects on productivity, as for
example through soil compaction or erosion. Here, the focus is on effects on
the physiological activity and transpirational demand of planted forests.
Where measures such as structural retention or longer rotations result in fewer
young and vigorously transpiring trees on site, the water demand of
plantations will also decline. Less productive native species are likely to
consume less water, than more productive exotics such as eucalypts, which
have been criticized for their high water demand (Calder, 2002). Long
rotations are likely to reduce the average plantation productivity, if the
rotations are extended substantially beyond the culmination of mean annual
increment. Slower-growing, older plantations will have a lower transpirational
demand (Vertessy et al, 1996) and less frequent disturbances will also lead to
overall improved water quality (Croke et al, 2001). Reduced transpiration and
interception following thinning will increase water yield from plantations (e.g.
Breda et al, 1995), albeit only for a limited period of time (e.g. Lane and
Mackay, 2001), while thinning is unlikely to have negative impacts on water
quality, except through the use of forest roads and extraction tracks. In
contrast, typical plantation management practices such as site preparation and
the use of herbicides and fertilizer have the potential to reduce water quality
through the disturbance of soil, removal of protective soil cover and addition
of nutrients, which may not be taken up by the vegetation (e.g. Malmer, 1996).
However, these effects can be minimized through adherence to appropriate
codes of forest practice.
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Options to improve water services from plantations at the landscape scale
are largely related to the percentage area under plantation, the specific location
of plantations and the protection of soils and waterways (see Chapter 4). Here,
the services can be optimized through policy settings, certification
requirements or sound landscape planning (see Chapter 7). However, stand-
and landscape-level management options to improve water services of
plantations are unlikely to conflict with the provision of other ecosystem goods
and services besides the production function (e.g. Wang et al, 2009).

Synergies and trade-offs with other ecosystem goods and services are most
difficult to identify for the carbon sequestration or storage function of
plantations, because the influence of the above-considered management
options depends on many other factors, such as the fate of the harvested wood.
However, most options that increase productivity at the stand level, are likely
to also increase the sequestration of carbon, unless these increases are at the
expense of soil stored C, which may be the case for site preparation. While the
effects of site preparation on C storage are likely to be negative in the short
term, in particular in relation to soil C (Paul et al, 2002), increased
productivity in the long term may offset these reductions. While C
sequestration may be reduced through longer rotations owing to reduced
productivity, it is likely that more C is stored on site.

At the landscape scale, interspersing plantations with buffer strips and
reserves of native vegetation creates patches with more long-term C storage
than in the plantation stands, although the C sequestration in these patches
may be less than in the highly productive plantations. Table 8.1 illustrates
that focusing plantation management on mitigating climate change through C
sequestration and possibly replacing fossil fuels through bioenergy, may have
serious implications on many other ecosystem services, in particular if
perverse incentives are provided for some short-term goals (e.g. Danielsen et
al, 2008).

At the stand scale, the production of wood and fibre has limited synergies
with the other ecosystem services listed here, except for C sequestration.
Typical measures to increase plantation productivity such as site preparation
and the use of fertilizers and pesticides have no direct beneficial effects on the
other ecosystems services. However, Table 8.1 provides a very general and
simple perspective on trade-offs and conflicts between services, which are often
specific to the site and context. The concept shows that it is necessary to
identify how different ecosystem goods and services may be differently affected
to optimize their provision at various scales. The table also shows that
synergies are easier to achieve and trade-offs easier to avoid at the landscape
scale when compared to the stand scale. However, higher provision of other
ecosystem services often comes at the expense of plantation productivity.
Therefore one of the important challenges is to devise mechanisms to reward
landowners for these other plantation functions that may conflict with the
production of conventional plantation products. However, only in very few
cases have ecosystem goods and services been quantified for a particular
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plantation setting (e.g. Nambiar and Ferguson, 2005; Barlow et al, 2007). And
few studies have aimed to explore what the optimal spatial aggregation of the
various stand types should be to deliver the best mix of goods and services. To
achieve this, several studies suggest a combination of forest growth models,
geographic information systems (GIS) and indices of goods and services to
support the development of land-use visions and forest planning policies on a
regional scale (e.g. Köchli and Brang, 2005).

So far many challenges remain with incorporating and applying the
ecosystem goods and services approach in actual design, planning and
management at the landscape level (de Groot et al, in press). Only a few ad hoc
attempts have been made to use spatial planning as a tool to improve the
overall yield of ecosystem goods and services and to find the appropriate level
of trade-offs and synergies at the landscape level. For instance Van Eupen et al
(2007) used scenario-dependent maps, which indicate habitat suitability of
landscapes for certain flagship species. When integrated with planning for the
other most important provisioning, regulating, cultural and supporting goods
and services, this could be used in new approaches for plantation planning, for
example in the restoration of degraded forest landscapes in tropical areas to
address both sustainable use of biodiversity as well as the alleviation of rural
poverty (e.g. Lamb et al, 2005).

Unfortunately, cost-effective monitoring approaches have not been
developed for many of the ecosystem goods and services, which would
demonstrate and quantify the many benefits and impacts of plantations.
Therefore, and for many other reasons, the identification, evaluation and
negotiating of trade-offs is rarely done in the process of plantation planning in
the landscape.

Particularly difficult is the assessment of temporal trade-offs between
short-term benefits and the long-term capacity of ecosystems to provide
services to future generations (Chapin, 2009). Most measures that maintain
the productive capacity of plantation systems, in particular the maintenance of
soil resources, should also maintain the natural capital in the long term.
However, here the interactions with other systems such as fresh water or the
atmosphere also have to be considered. For example, one would have to
question the usefulness of sequestering more atmospheric CO2 now by
increasing plantation productivity through high use of N fertilizers which may
lead to denitrification and increases in atmospheric concentrations of N2O.
The latter gas has, owing to its longevity of around 120 years, an estimated
global warming potential (based on a 100-year period) that is 310 times as
high as that of CO2 (IPCC, 1996). Temporal trade-offs occur in particular for
those ecosystem services that cannot be restored once they are lost. These
include loss of species or fossil groundwater, which are at least as valuable in
the future as they are now (Heal, 2000).
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How plantations may help to solve some of the urgent
global issues

The Millennium Ecosystem Assessment (2005) has demonstrated that the well-
being of mankind depends on the maintenance or improvement of ecosystem
services. It is increasingly recognized that plantations can make major
contributions to the provisioning of ecosystem goods and services (Paquette
and Messier, 2010), but they can also have negative impacts. Therefore, we ask
here, which contributions plantations can make, through the ecosystem goods
and services they provide, to solve some of the pressing global problems that
are currently faced by mankind. Tree plantations already play a major role in
the provision of timber and fibre such that around 3 per cent of the forest area,
which is in productive plantations, provide approximately one-third of the
industrial roundwood worldwide (Chapter 1). This is a success story and shall
not be further discussed here. Below we discuss the different roles that
plantations can play in solving the biodiversity and energy crisis, in mitigating
climate change, and in reducing poverty.

Biodiversity
In Chapter 5 of this book, it has been shown that plantations can be managed
and planned in ways that improve their habitat value over that of
conventionally managed plantations. Beneficial effects of plantations can be
expected, in particular, where these are used to restore degraded land or
replace agricultural systems, and where they increase connectivity in the
landscape. In addition, many options exist at the stand level to enhance the
provision of habitat through increasing structural complexity, species
mixtures, prolonged rotations and alternative methods of site preparation.
However, the greatest benefit from plantations for biodiversity is likely to stem
from the highly efficient wood production system they present.

The high efficiency of wood production that is possible in tree plantations
may be the foundation for setting aside more areas of native forests in
conservation reserves (e.g. Côté et al, 2009) or to reduce the management
intensity in native or semi-natural forests. As was pointed out in Chapter 1, if
all industrial wood came from effectively managed planted forests, only some
73 million ha, i.e. only less than 2 per cent of the world’s forest area would be
enough to satisfy the current global need for industrial wood (Seppälä, 2007).
Given the current extent of plantations, these figures also indicate that a
substantial proportion is not as effectively managed as possible and that rather
than expanding their area, it may be more promising to invest in improvements
in their management. In any case, fast-growing, industrial tree plantations may
be one of the most effective approaches for the conservation or improved
management of other forest areas valued for their biodiversity, beauty and other
things. In return, the reservation of some or the majority of native forests from
wood production will act as a driver for the establishment of further
plantations, as has been the case for example in Australia (URS Forestry, 2007).
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Energy
Energy from biomass traditionally plays a very important role in countries
with developing economies. Recently, the global demand for bioenergy has
been accelerating because of the depletion of fossil fuels and the CO2 reduction
targets of most countries. This is putting further pressure on forested areas. For
instance, over the last five years there has been a rapid development of new
bio-fuel plantations in Malaysia and Indonesia (mainly oil palm) and Brazil
(mainly soybean, maize) (e.g. Mantel et al, 2007; Reinders and Huijbregts,
2008; Fargione et al, 2008). This has often gone at the expense of natural
forest areas. But also forests themselves, either planted or natural, are
increasingly being used for bioenergy. In Europe, fast-growing short-rotation
willow and poplar plantations are being used for bioenergy (chips) (e.g.
Börjesson and Berndes, 2006), and also in tropical countries fast-growing
species such as Acacia mangium and Eucalyptus sp. are increasingly being used
for bioenergy production (Berndes et al, 2003). This is likely to continue in the
near future: Buerkert and Schlecht (2009) estimate that in 2050 there may be
500Mha of new fuelwood plantation established.

Energy is widely recognized as a crucial factor for health, education, and
economic development. Renewable forms of energy provide countries with
developing economies with the opportunity to reduce their dependency on
costly fossil fuels, and they are often the most cost-efficient way of improving
energy services for rural areas, which are often not connected to the electrical
grid (Shukla et al, 2004). Therefore, biomass burning is by far the most widely
used form of energy in many African countries, and will remain so for the
foreseeable future (Karekezi and Kithyoma, 2002). Biomass is the only form of
energy of relevance to most households, especially the poor. The present
pattern of consumption of wood, however, is clearly not sustainable, and will
soon result in irrecoverable damage to life-sustaining ecosystems. Here,
decentralized and community-based small-scale electrification schemes based
on biomass from plantations can deliver affordable and sustainable power in
rural areas, without which development beyond a certain level is impossible.
Obviously, the fitting type of plantation required for this purpose would also
be community-based, even though they may require larger areas.

New developments in bioenergy production are opening opportunities for
forest plantations as a sustainable source of biomass, but they are also posing
several challenges. Under the increased demand for energy crops, prices can be
expected to rise and this will enable good management practices including sound
ecological, economic and social production (Rootzén et al, 2010). When wood
from short-rotation plantations is used for energy purposes (replacing fossil
fuels) these plantations also have a high climate change mitigation potential
(Rootzén et al, 2010; Chapter 3). These fast-growing plantations also have the
potential to combine a range of services (see Table 8.1); however, the interactions
between fuelwood plantations and other land uses such as agriculture and nature
conservation, and with functions such as carbon sequestration have been
insufficiently analysed (e.g. Berndes et al, 2003).
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Climate change mitigation
Owing to their capacity to sequester atmospheric CO2, there has recently been
much interest in using plantations in climate change mitigation strategies. In
Chapter 3, five strategies for the contribution of the forestry sector have been
identified: (1) increasing the forest area through afforestation; (2) increasing
the carbon stored in existing forests; (3) protecting existing carbon stocks from
release into the atmosphere; (4) increasing the carbon stored in products
(yielding also indirect greenhouse gas mitigation through material
substitution); and (5) substituting fossil fuels with bioenergy derived from
forest biomass and wood (see above).

The greatest realistic potential for plantations appears to be in the first and
in the fifth options. However, carbon sequestration in the forest-based sector
is largely a non-permanent strategy. The sequestration phase is finite. In
plantations it may last only for some decades and then the gained carbon
stocks would need to be protected to keep carbon withdrawn from the
atmosphere. While this is not possible within a single plantation stand, it may
well possible over larger temporal and spatial scales, if plantations are
maintained and not converted back into agricultural land use. Sequestration
therefore always needs to be protected by safeguarding measures to make
mitigation strategies effective.

Extending the length of rotations in existing forests is currently unlikely to
receive the financial reward required to compensate for not harvesting trees at
their economical maturity. Increasing the proportion of wood supply from
fast-growing and sustainably managed plantations to permit a reduction of
harvesting and the setting aside of native forests for conservation purposes, as
we have discussed above in the context of biodiversity values, may also be a
substantial contribution of plantations to the protection of carbon stocks in
these forests, which may be old-growth forests with high C density. Increasing
the use of long-lasting wood products and improving recycling rates has the
potential to reduce the pressure on forest resources; however, this is a broader
issue that is not exclusive to plantation products.

Plantations, however, may not only play a role in mitigation strategies to
climate change. They may also be strongly affected by climate change with
ramifications for the goods and services provided by them. Adapting
plantations to climate change is another challenge. Compared to native or
semi-natural forest with slow-growing, long-lived trees, this task may be much
easier in fast-growing plantations, where changes of species, provenances or
clones to adapt to climate-induced changes in site conditions can be
accommodated frequently between rotations. However, the introduction of
new species may also require the adaptation of silvicultural practices and the
processing chain, which may be rather difficult and costly.

Poverty reduction and the social effects of plantations
The immense productivity of plantations and attractive markets for plantation
products have fuelled expectations in governments and experts of positive
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economic effects at regional and national level, in particular in the context of
non- or under-developed rural regions in the tropics and subtropics (UN,
2002). Beyond the demand on plantation products, these expectations are one
of the reasons, respectively justifications, for the still significant subsidies and
numerous plantation programmes financed by governments and international
organizations (Cossalter and Pye-Smith, 2003). However, with the expansion
of plantation forestry and rising criticism, mostly about negative
environmental effects, the public has also become more and more sensitive to
the social dimensions of plantations (Chapter 6; Carrere, 1998). While some
studies highlight the positive effects of plantations on employment and income
generation, in particular in outgrower schemes (e.g. Mayers and Vermeulen,
2002), as well as the indirect environmental benefits from reforestation
programmes, other studies have drawn a more critical picture in light of land
conflicts, limited employment opportunities and environmental damage caused
by plantations (Hoch et al, 2009). The social conflicts have been particularly
apparent, where intensively managed forest plantations have been
implemented (Kanowski and Murray, 2008). Whilst the social balance in
landscapes influenced by plantations depends on the specific context and
design, it seems possible to attribute the social performance to a larger degree
to the functioning of interactions between actor groups (see Chapter 6).

To better understand the social dimensions of plantations, it is useful to
distinguish between the scale and owners of plantations: (a) large companies
and governments that own or manage plantation resources from tens of
thousands to hundreds of thousands of hectares; (b) independent private
landowners who typically manage between hundreds to thousands of hectares;
and (c) smallholders with resources typically in the range of a few hectares or
even less; see also Kanowski and Murray (2008).

Owing to their capacities regarding capital and know-how, companies,
governments and other actors with sufficient capital are predestined to initiate
large-scale forestry plantations. The economic benefit of these types of
plantations is often expressed as the return to investors, which has been in the
range of 3–11 per cent internal rate of return for short-rotation pulpwood and
1–7 per cent for longer-rotation solid-wood plantations (RISI, 2007). The most
important social benefit of these types of plantations at a local level is through
employment. However, in consideration of the immense demand on land, the
employment opportunities generated by the tree growing in plantations are
rather limited, if compared to other more labour-intensive land uses such as
family agriculture (Cossalter and Pye-Smith, 2003; Schirmer and Tonts, 2003).
Against this background, the social balance of these type of plantations
depends mainly on the attractiveness of alternative land-use options given by
contextual parameters such as population density, land-use history and, related
to this, soil fertility. Generally, the social impacts of large-scale industrial
plantations, due to their immense requirement for land, tend to be more
negative in highly populated areas with fertile soils. Most of the economic
benefits of plantations are actually associated with the processing industries
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reliant on the plantation products (Kanowski, 2005) and hence the
employment opportunities. These processing industries have often not been
established in the same areas as the plantations. However, in some cases even
the local commercialization of by-products such as quality timber, fuelwood or
charcoal may provide significant local benefits. In addition, large-scale
industrial plantation initiatives may catalyse and provide the basis for the
participation of the other two types of plantation owners – (b) and (c) from
above – in the business of tree growing.

For example in outgrower schemes, farmers and smallholders are actively
engaged in the production process and may directly benefit from attractive
income opportunities. However, despite some outstanding positive experiences
(e. g. Mayers and Vermeulen, 2002), the competitive disadvantages of locals in
negotiating with companies bears the risk of unfair contracts (Desmond and
Race, 2000).

Many national and international development organizations have also
been promoting plantations owned and managed by smallholders to generate
income and to achieve environmental goals. While there have been some very
positive local experiences, the success of such initiatives has been rather
modest (Chapter 6; Hoch et al, 2009). The success and problems of this
approach have been discussed in detail in Chapter 6. The problems typically
associated with this approach are:

• the establishment of plantations on degraded soil resulting in poor tree
growth;

• the technologies, capital and security of tenure required are often not
compatible with smallholders’ realities;

• the dependence on continuous external support not only for the
establishment but also for the maintenance and, most important, the
commercialization of plantation products.

As has been shown in Chapter 6, it is often overlooked by development practi-
tioners that smallholders also grow trees on their own initiative, often as single
trees within agricultural crops or in homegardens and in small plantations. Often
these plantings focus on the production of NTFPs and other ecosystem services,
which provide more immediate and regular benefits than wood and timber.

Given these different situations and contexts, the role of plantations in
poverty reduction has been ambivalent. The conditions and prerequisites for
the positive social effects of plantations at different scales have been outlined
in Chapter 6 and other recent publications (e.g. Kanowski and Murray, 2008).
Positive effects will only be realized if all the costs and benefits of the
development of plantation landscapes are being assessed and where the
legitimate interests of all actors are respected. Where this is not the case,
plantations will not only fail to contribute to poverty reduction, they are also
unlikely to provide ecosystem goods and services to those who are most
strongly dependent on them.
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Conclusions

The increasing competition for land in an increasingly crowded world may
result in a shift in management focus of existing and future plantations, from
single or few goals such as efficient wood production, to a range of goals. In
the past, the dominant interests in societies often accorded little formal value
to the non-timber ecosystem goods and services of plantation forests.
Changing societal values, more progressive thinking about the potential roles
of plantations, and the emergence of new forms of environmental governance
regimes have created policy environments which are much more enabling of
the provision of ecosystem goods and services from plantation forests.

In the different chapters of this book it has been documented that there is
now a large body of knowledge and experience showing that appropriately
planned, designed and managed plantation forests can deliver a range of
ecosystem goods and services, at both landscape and stand scales. This book
has also shown that the benefits and impacts of plantations and their trade-offs
are highly context specific. Therefore, the range of impacts and benefits
associated with plantation forests, which typically differ from those of other
landscape components, need to be assessed, agreed and managed in a
landscape context. This body of knowledge about the impacts of plantations
and their contributions to ecosystem goods and services provides the
foundation for developing governance regimes that are consistent with the
principles of sustainable forest management. In accordance with these widely
agreed principles, societies have the right to expect that plantation forests will
deliver more benefits than costs. However, how the different ecosystems goods
and services are traded off and to what extent different interest groups share
the benefits will remain, ultimately, a value judgement. It is clear, however, that
enhancing the provision of ecosystem goods and services from plantation
forests is an important element of realizing the benefits of this increasingly
important form of forestry.
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Glossary

Term or Concept Definition/Explanation Source

Additionality Additionality occurs when the amount of Murray 
CO2 emission reduced or sequestered within et al, 2007
project boundaries is additional to that 
which would occur without the project, or 
under business as usual conditions. 

Afforestation Conversion from other land uses into forest, FAO 
or the increase of the canopy cover to above 2000a
the 10 per cent threshold. 

Agroforestry Intentional growing of trees and shrubs in NRCS 
(system) combination with crops or forage. 1996

Agroforestry Managed stands or assemblages of trees CIFOR
plantation established in an agricultural matrix for 2001

subsistence or local sale and for their 
benefits on agricultural production; usually 
regular and wide spacing or row planting. 

Albedo The fraction of solar radiation reflected by IPCC
a surface or object, often expressed as a 2010
percentage. 

Allelopathy Allelopathy refers to the beneficial or UF-IFAS 
harmful effects of one plant on another 2010
plant, both crop and weed species, by the 
release of chemicals from plant parts by 
leaching, root exudation, volatilization, 
residue decomposition and other processes 
in both natural and agricultural systems.
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Amenity Although not explicitly defined by FAO, it Merriam-
is something that conduces comfort, Webster 
convenience, or enjoyment, which is relative 2010
to depending upon socio-cultural contexts
(e.g. subjective perspective on an open view 
of a forested mountain range vs. that of a 
clear-cut). 

Artificial A forest crop raised artificially, either by FAO 
regeneration sowing or planting, but no natural 2003a

regeneration.

Benefit transfer A practice used to estimate economic values OECD 
for ecosystem services by transferring 2010
information available from studies already 
completed in one location or context to 
another. This can be done as a unit value 
transfer or a function transfer.

Biodiversity The variability among living organisms from CBD 
all sources including, inter alia, terrestrial, 1992
marine and other aquatic ecosystems and the 
ecological complexes of which they are part; 
this includes diversity within species, 
between species and of ecosystems. 

Biodiversity They are defined as areas of suitable habitat IUCN 
corridors that provide functional linkages between 2009

habitat areas.

Bioenergy Energy from biofuels. FAO 
2008a

Biofuel Fuel produced directly or indirectly from FAO 
biomass. 2008a

Biosolids Solid, semi-solid, or liquid residues generated Goverment
during primary, secondary, or advanced of Michigan
treatment of domestic sanitary sewage (US)
through one or more controlled processes, 2010
such as anaerobic digestion, aerobic 
digestion, and lime stabilization. 

Canopy The formation of vertical crowns layers in
stratification forest stands.

Cap An upper limit imposed on a flux or rate; IPCC 
herein referring to carbon emissions. 2010
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Carbon An intervention to decrease the sources or FAO
mitigation improve the sinks of carbon-based 2010

greenhouse gases. 

Carbon The process of removing carbon from the UNFCCC
sequestration atmosphere and depositing it in a reservoir. 2010

Carbon sink Any process, activity or mechanism which UNFCCC
removes a carbon-based greenhouse gas, an 2010
aerosol or a carbon-based precursor of a 
greenhouse gas from the atmosphere. 
Forests and other vegetation are considered 
sinks because they remove carbon dioxide 
through photosynthesis. 

Carbon source Any process, activity, or mechanism that FAO 
releases a greenhouse gas, an aerosol, or a 2010
precursor of a greenhouse gas or aerosol into 
the atmosphere. 

Carbon stock A component of the climate system, other IPCC 
than the atmosphere, that has the capacity 2010
to store, accumulate or release carbon 
(including its forms of greenhouse gases). 
Oceans, soils and forests are examples of 
carbon stocks or reservoirs. 

Carbon tax A carbon tax is an instrument of OECD 
environmental cost internalization. It is an 2010
excise tax on the producers of raw fossil 
fuels based on the relative carbon content 
of those fuels.

Catchment An area that collects and drains rainwater. IPCC 
(area) 2010

Clear-cut A stand in which essentially all trees have Helms 
(or Clear-fell) been removed in one operation. 1998

Commodity Markets where raw or primary products OECD 
markets (or goods and services normally intended 2010

for sale on the market at a price that is 
designed to cover their cost of production) 
are exchanged.

Community- An approach involving various sections –
based approach of the community, drawing on multiple 

local resources to address a community issue.
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Compaction Compaction is the process whereby the OECD 
density of soils is increased. 2010

Conservation A voluntary, legally binding agreement that TNC 
easement limits certain types of uses or prevents 2010

development from taking place on a piece 
of property now and in the future (vis-à-vis 
a transfer of usage rights), while protecting 
the property’s ecological or open-space values. 

Contour tilling Tilling while following the natural contours NRCS 
of the land. 2006

Credit A programme designed to supply an amount OECD 
programme for which there is a specific obligation of 2010

repayment (e.g. loans, trade credits, bonds, 
bills, etc., and other agreements which give 
rise to specific obligations to repay over a 
period of time usually, but not always, 
with interest. 

Deforestation Forest conversion to another land use or FAO 
the long-term reduction of tree canopy 2000
cover below the 10 per cent threshold. 

Degradation Degradation is the reduction or loss of the OECD 
biological or economic productivity 2010
resulting from natural processes, land uses 
or other human activities and habitation 
patterns such as land contamination, soil 
erosion and the destruction of the 
vegetation cover.

Denitrification The reduction of nitrate (NO3
–) or nitrite FAO 

(NO2
–) to gaseous N oxides and molecular 2001a

N2.

Disturbance Any relative discrete event in time that Helms 
disrupts ecosystems, community, or 1998
population structure and changes resources, 
substrate availability, or the physical 
environment.

Early Tree species that grow best in forests that –
successional have just begun to undergo succession, 
species shortly following a major disturbance.
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Ecolabelling A voluntary method of certification of FAO 
environmental quality (of a product) and/or 2003b
environmental performance of a process 
based on life-cycle considerations and agreed 
sets of criteria and standards. 

Ecological The idea that if some species are lost others EFTEC 
insurance are available to fill their functional roles, 2005

due to functional redundancy (closely 
linked to biodiversity). 

Economical In the context of its use here, economic OECD 
maturity maturity is the period of time (or the end 2010

of that period) until the most economic 
benefit can be obtained from harvesting. 

Ecosystem A strategy for the integrated management CBD 
approach of land, water and living resources that 2009

promotes conservation and sustainable use 
in an equitable way. It is based on the 
application of appropriate scientific 
methodologies focused on levels of 
biological organization which encompass 
the essential processes, functions and 
interactions among organisms and their 
environment, while recognizing that 
humans, with their cultural diversity, are 
an integral component of ecosystems. 

Ecosystem Capacity of natural processes and –
functioning components to provide goods and services 

that satisfy human needs, directly or 
indirectly.

Ecosystem The benefits humans derive from MEA 
goods and ecosystem functions. 2005
services 

Endemic Restricted to a particular area: used to WWF 
describe a species or organism that is 2010a
confined to a particular geographical 
region, for example, an island or 
river basin. 
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Environmental A complex system in which social, –
governance economic and political organization of 

interacting and interdependent groups and 
organs, public and private, connected by 
doctrines, ideas and principles, intend to 
serve a common purpose: the regulation of 
the use of natural resources.

Environmental Managed forest stand, established CIFOR 
plantations primarily to provide environmental 2001

stabilization or amenity value, by 
planting or/and seeding in the process 
of afforestation or reforestation, usually 
with even age class and regular spacing. 

Evapotrans- The combined process of water evaporation IPCC
piration from the Earth’s surface and transpiration 2010

from vegetation. 

Farm bunds An embankment of soil for protection or –
nutrient-purposes (e.g. planting N-fixing 
tree species on bunds) of crops.

Fast-growing Plantations with growth rates of Cossalter 
timber >15 m3/ha/year and rotations of <20 years. and Pye-
plantations Smith 

2003

Flagship species Iconic species that provide a focus for WWF 
raising awareness and stimulating action 2010b
and funding for broader conservation 
efforts (e.g. polar bear for climate change 
mitigation).

Forest A number of market-based instruments that FAO 
certification link trade in forest products to the 2001b

sustainable management of the forest 
resource, by providing buyers with 
information on the management standards 
of the forests from which the timber came. 

Fossil fuel The partial, gradual or complete –
substitution replacement of fossil fuels as a source for 

meeting energy demands.

Fuel load The amount of fuel available to burn AAGD 
(depends on the type of vegetation, how 2009
much of it there is, its ‘fineness’ and its 
moisture content). 
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Fuelwood Wood in the rough (from trunks, and FAO 
branches of trees) to be used as fuel for 2001c
purposes such as cooking, heating or 
power production. 

Greenhouse gas Gaseous constituents of the atmosphere, FAO 
emissions both natural and anthropogenic, that 2010a

absorb and emit radiation at specific 
wavelengths within the spectrum of 
infrared radiation emitted by the Earth’s 
surface, the atmosphere and clouds. This 
property causes the greenhouse effect.
Water vapour (H2O), carbon dioxide (CO2), 
nitrous oxide (N2O), methane (CH4) and 
ozone (O3) are the primary greenhouse gases
in the Earth’s atmosphere, and there are a 
number of entirely human-made greenhouse 
gases in the atmosphere, such as the 
halocarbons and other chlorine- and 
bromine-containing substances. 

Groundwater Water stored underground in rock crevices USGS 
and in the pores of geologic materials that 2009
make up the Earth’s crust. 

Groundwater The process by which external water is IPCC 
recharge added to the zone of saturation of an 2010

aquifer, either directly into a formation or 
indirectly by way of another formation. 

Habitat The suitability (capacity) of an area to WWF 
suitability supply the same requisites as a place or 2010a

type of site where an organism or 
population naturally occurs. 

Heterarchy Networks of elements in which each –
element shares the same ‘horizontal’ 
position of power and authority, each 
playing a theoretically equal role. 

Homegardens Intensively managed areas around houses –
consisting of trees cultivated together with 
annual and perennial agricultural crops 
and livestock. 
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Indigenous Residence within or attachment to IPCC 
community geographically distinct traditional habitats, 2010

ancestral territories, and their natural 
resources; maintenance of cultural and 
social identities, and social, economic, 
cultural and political institutions separate 
from mainstream or dominant societies and 
cultures; descent from population groups 
present in a given area, most frequently 
before modern states or territories were 
created and current borders defined; and
self-identification as being part of a distinct 
indigenous cultural group, and the desire to 
preserve that cultural identity. 

Industrial Intensively managed forest stands managed CIFOR 
plantation to provide material for sale locally or 2001

outside the immediate region.

Industrial All industrial wood in the rough (sawlogs FAO 
roundwood and veneer logs, pulpwood and other 1997

industrial roundwood) and, in the case of 
trade, chips and particles and wood residues. 

Infiltration Flow of water from the land surface into USGS 
the subsurface. 2009

Intensive forest A regime of forest management, where FAO 
management silvicultural practices define the structure 2004

and composition of forest stands. A formal 
or informal forest management plan exists. 
A forest is not under intensive management, 
if mainly natural ecological processes define 
the structure and composition of stands. 

Interception In hydrologic terms, the process by which NOAA 
precipitation is caught and held by foliage, 2009
twigs and branches of trees, shrubs and 
other vegetation, and lost by evaporation, 
never reaching the surface of the ground. 
Interception equals the precipitation on the 
vegetation minus streamflow and throughfall. 

Invasive Any species that is non-native to a FAO 
particular ecosystem and whose introduction 2009
and spread causes, or is likely to cause, 
socio-cultural, economic or environmental 
harm or harm to human health. 
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Late Tree species that grow best in forests that Puettman 
successional have undergone succession and et al, 
species developed without major disturbances 2009

for a long time. 

Leakage A negative or counteracting effect on IPCC 
carbon emission reduction efforts due to 2010
an increase of emissions in a non-constrained 
part of a system (i.e. a plan, an area etc.). 

Lifetime (of a The time length in which a product keeps –
product) its utilitarian value or avoids decomposition 

(and carbon emission) associated with discard.

Livelihood Human services that increase the standard 
services of living or give the tools to do so 

(e.g. exchange of workload, division of 
tasks, support in the case of emergencies 
as well as employment opportunities and 
temporary provision of land to landless poor).

Lopping The cutting off of branches, usually for –
fodder or fuelwood.

Managed Managed forest, where forest composition –
secondary and productivity is maintained through 
forests (with additional planting or/and seeding.
planting) 

Market-based An approach using price mechanisms IPCC 
approach (e.g. taxes and auctioned tradable 2010

permits), among other instruments, to 
achieve a goal. 

Marrakesh Agreements reached at COP-7 which set UNFCCC
Accords various rules for ‘operating’ the more 2010

complex provisions of the Kyoto Protocol. 
Among other things, the accords include 
details for establishing a greenhouse-gas 
emissions trading system; implementing 
and monitoring the Protocol’s Clean 
Development Mechanism; and setting up 
and operating three funds to support efforts 
to adapt to climate change. 

Mass wasting Soil movement such as landslips, slumps FAO 
and debris flows (landslides). 2008b
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Monoculture A forest stand composed of a single tree Puettman 
species. et al, 

2009

Native forest Forests composed of indigenous tree species –

Natural See Disturbance. –
disturbance 

Natural Re-establishment of a forest stand by FAO 
regeneration natural means, i.e. by natural seeding 2007

or vegetative regeneration. It may be 
assisted by human intervention, e.g. by 
scarification of the soil or fencing to 
protect against wildlife or domestic 
animal grazing. 

Naturalness It is the degree to which ecosystems –
resemble natural, not anthropogenically 
modified, ecosystems in terms of their 
structure, function and composition.

Niche The ability of different species that use –
complementarity different resources, or the same resources 

but at different times or different points in 
space, to fill the available limited space to 
a greater extent than a single species.

Non-point The source(s) of pollution whose discrete FAO 
pollution origins are difficult to accurately pin down. 2003c

Non-timber Products of biological origin, other than FAO 
forest products wood, derived from forests, other wooded 2008c

land and trees outside forests. NTFP may 
be gathered from the wild, or produced in 
forest plantations, agroforestry schemes 
and from trees outside forests. 

Non-wood see Non-timber forest products. –
forest products 

Old-growth Ecosystems distinguished by old trees and FAO 
forest related structural attributes. Old growth 2002

encompasses the later stages of stand 
development that typically differ from 
earlier stages in a variety of characteristics 
which may include tree size, accumulations 
of large dead woody material, number of 
canopy layers, species composition, and 
ecosystem function. 
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Outgrower A contractual partnership between growers FAO 
scheme or landholders and a company for the 2001d

production of commercial forest products. 

Overyielding When the production of biomass in species –
effect mixtures exceeds the productivity expected 

on the basis of the yields of the contributing 
species when grown in a monoculture. 

Peak flow The maximum instantaneous discharge of USGS 
a stream or river at a given location. 2009

Permanence The time length of which a particular plan, –
scheme or action can ensure carbon 
sequestration without reversing effects 
(e.g. planted trees that will later be 
harvested for wood-burning would offset 
the initial carbon sequestration and the 
permanence in this case would be 
analogous with rotation period until harvest).

Plantations Forests of introduced species and in some FAO 
cases native species, established through 2004
planting or seeding, with few species, even 
spacing and/or even-aged stands. 

Planted forests Forests predominantly composed of trees Carle and 
(contrast with established through planting and/or after Holmgren, 
‘Plantations’) deliberate seeding of native or introduced 2008

species.

Polyculture Stand with more than one tree species. –

Polyphagous Feeding on different types of food (e.g. a –
pest population that feeds on different 
host species).

Primary forest A forest of native species, where ecological FAO 
processes are undisturbed by human 2004
activities. 

Production A forest actually designated for production FAO 
forest of forest goods, i.e. where the extraction 2006

of forest products, usually wood and fibre, 
is the predominant management objective, 
including both wood and non-wood 
forest products. 
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Productive Forest plantations predominantly intended FAO 
plantation for the provision of wood, fibre and 2006

non-wood products. 

Protective Forest plantations predominantly for the FAO 
plantation provision of services such as protection 2006

of soil and water, rehabilitation of degraded 
lands, combating desertification, etc. 

Provisioning Products obtained from ecosystems FAO 
ecosystem (e.g. food, fresh water, fuelwood, fibre, 2010b
services biochemicals, genetics etc.). 

Reforestation Reforestation is the re-establishment of FAO 
forest formations after a temporary 2000
condition with less than 10 per cent canopy 
cover due to human-induced or natural 
perturbations. 

Regulation Benefits obtained from the regulation of FAO 
ecosystem ecosystems (e.g. climate regulations, disease 2010b
services regulation, water regulation and 

purification, pollination etc.).

Residence time With respect to greenhouse gases, residence EPA 
time usually refers to how long a particular 2009
molecule remains in the atmosphere. 

Resilience The capacity of an ecosystem to return to Holling 
the pre-condition state following a 1973
perturbation, including maintaining its 
essential characteristics, taxonomic 
composition, structures, ecosystem 
functions, and process rates. 

Resistance The capacity of the ecosystem to absorb Holling
disturbances and remain largely unchanged. 1973

Restorability The possibility of spontaneous renewal or –
human-aided restoration of ecosystems.

Rotation length Period between regeneration establishment Helms, 
and final cutting of even-aged forests. 1998

Run-off That part of the precipitation, snow melt, USGS 
or irrigation water that appears in 2009
uncontrolled surface streams, rivers, 
drains or sewers. 
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Scalping Removing vegetation and other organic Helms 
or inorganic material to expose underlying 1998
mineral soil and prepare an area for 
planting or seeding. 

Silviculture The art and science of producing and Puettman
tending a forest to achieve the objectives et al, 
of management. 2009

Site preparation Any treatment of a forest site to prepare Puettman 
the soil for the establishment of a new crop et al, 
of trees by either plantation or natural 2009
means. 

Smallholders People living in rural areas who owns –
small areas of land that he/she cultivates for 
subsistence or commercial purposes relying 
principally on family labour.

Social forestry Programmes are specifically geared to FAO 
enable a social actor to expand 1992
production to meet supply needs.

Species diversity The total number and distribution of FAO 
species in an area: includes components 2010c
of both species richness and the amount 
of evenness or dominance among the species 
present (contrast with Species richness). 

Species richness The total number of species in an area FAO 2010c
measured by a standard protocol (not to 
be confused with Species Diversity) 

Stakeholder Person or entity holding grants, concessions, FAO 
or any other type of value that would be 2010a
affected by a particular action or policy. 

Supporting Services necessary for the production of all FAO 
ecosystem other ecosystem services (e.g. soil 2010b
services formation, nutrient cycling and primary

production).

Sustainability Characteristic by which a process or state Meyers
can be maintained at a certain level (in press)
indefinitely. In the environmental context, 
the term refers to the potential longevity of 
vital human ecological support systems and 
the various systems on which they depend in 
balance with the impacts of our 
unsustainable or sustainable design. 
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Sustainable The stewardship and use of forests and FAO 
forest forest lands in a way, and at a rate, that 2000b
management maintains their biological diversity, 

productivity, regeneration capacity, 
vitality and their potential to fulfil, now 
and in the future, relevant ecological 
economic and social functions, at local, 
national and global levels, and that does 
not cause damage on other ecosystems. 

Thinning Partial removal of trees in an immature Puettman 
stand to select for a specific species or to et al, 
increase the growth rate of the remaining 2009
trees. 

Traditional Community that has a long tradition of –
community land use with typically common access to 

forest areas in remote, still forested 
landscapes and with a low level of 
infrastructure.

Transfer of The broad set of processes covering the IPCC 
technology exchange of knowledge, money and goods 2010
(Technology amongst different stakeholders that lead 
transfer) to the spreading of technology for adapting 

to or mitigating climate change.

Transpiration The evaporation of water vapour from the IPCC 
surfaces of leaves through stomata. 2010

Uniqueness A measure of relative difference for a –
species from others. 

Vapour flux The flow rate of a gaseous substance. –

Water quality A term used to describe the chemical, USGS 
physical, and biological characteristics 2009
of water, usually in respect to its suitability 
for a particular purpose. 

Water regulation The control of water flow (velocity and –
volume).

Weir A small overflow-type dam commonly used –
to raise the level of a river or stream.
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A. falcataria 121
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