
R
E

ST
O

R
IN

G
N

AT
U

R
A

L
C

A
PIT

A
L

Aronson
Milton

Blignaut
RESTORING
NATURAL CAPITAL

SOCIETY FOR ECOLOGICAL RESTORATION INTERNATIONAL

Edited by

James Aronson, Suzanne J. Milton, and James N. Blignaut
Foreword by Peter H. Raven

Science, Business, and Practice

Advance praise for Restoring Natural Capital
“Economic logic says we should invest in the limiting factor. In yesterday’s empty
world that meant investing in human-made capital; in today’s full world it means
investing in natural capital. Fallowing is the traditional way to invest in natural 
capital. To discover modern analogs to fallowing, read this important book.”

—Herman E. Daly, professor, School of Public Policy, University of Maryland

“This book is our first road map beyond the Millennium Ecosystem Assessment. 
It teaches us how to repair our wounded planet, ensuring that nature’s services vital
to human and ecosystem survival are restored before we reach critical thresholds. 
The authors weave a closely intertwined series of arguments and cases to show how
economic values can only be maintained if we protect and restore the natural 
environment.”

—Peter H. May president-elect, International Society for Ecological Economics

“In a time when humanity is in ecological overshoot, steady-state economics is no
longer sufficient. Moving beyond a state of overshoot, however, requires that we learn
how to restore natural capital. Hence I warmly welcome this volume. It provides 
not only road maps and tools, but also a pragmatic approach: rather than merely
lamenting about the state of the biosphere, it shows that we can, and need to, make
a difference.”

—Mathis Wackernagel, executive director, Global Footprint Network

JAMES ARONSON is a researcher with the Center for Functional and Evolutionary
Ecology, of the French National Scientific Research Network, CNRS, in Montpellier,
France, and curator of restoration ecology at the Missouri Botanical Garden, St.
Louis. SUZANNE J. MILTON is professor of conservation ecology at Stellenbosch
University. JAMES N. BLIGNAUT is professor in economics at the University of
Pretoria.

Restoring Natural Capital is part of the series The Science and Practice of
Ecological Restoration, from the Society for Ecological Restoration
International and Island Press.

SCIENCE/NATURE

THE SCIENCE AND PRACTICE OF ECOLOGICAL RESTORATION

Washington • Covelo • London

www.islandpress.org

All Island Press books are printed on recycled, acid-free paper.

Cover design by Amy Stirnkorb

Cover photos, clockwise from left: Before and after, hand-dug pits restore
grazing value and generate livelihoods in arid Karoo rangeland, South
Africa, courtesy of Ken Coetzee; workers clear invasive water hyacinth in
Mpumalanga province, South Africa, courtesy of Working for Water; inter-
organizational alliance workshop increases local expertise in native plants
of Madagascar, courtesy of Louise Holloway.

aaronson paperback  5/14/07  9:35 AM  Page 1



FM:IP_Aronson  5/24/07  8:47 AM  Page i



about island press

Island Press is the only nonprofit organization in the United States whose principal purpose is the pub-
lication of books on environmental issues and natural resource management. We provide solutions-ori-
ented information to professionals, public officials, business and community leaders, and concerned
citizens who are shaping responses to environmental problems. 

Since 1984, Island Press has been the leading provider of timely and practical books that take a
multidisciplinary approach to critical environmental concerns. Our growing list of titles reflects our
commitment to bringing the best of an expanding body of literature to the environmental community
throughout North America and the world.

Support for Island Press is provided by the Agua Fund, The Geraldine R. Dodge Foundation, Doris
Duke Charitable Foundation, The Ford Foundation, The William and Flora Hewlett Foundation,
The Joyce Foundation, Kendeda Sustainability Fund of the Tides Foundation, The Forrest & Frances
Lattner Foundation, The Henry Luce Foundation, The John D. and Catherine T. MacArthur Foun-
dation, The Marisla Foundation, The Andrew W. Mellon Foundation, Gordon and Betty Moore
Foundation, The Curtis and Edith Munson Foundation, Oak Foundation, The Overbrook Founda-
tion, The David and Lucile Packard Foundation, Wallace Global Fund, The Winslow Foundation,
and other generous donors.

The opinions expressed in this book are those of the author(s) and do not necessarily reflect the
views of these foundations. 

about the society for ecological 

restoration international

The Society for Ecological Restoration (SER) International is an international nonprofit organization
comprising members who are actively engaged in ecologically sensitive repair and management of
ecosystems through an unusually broad array of experience, knowledge sets, and cultural perspectives.

The mission of SER is to promote ecological restoration as a means of sustaining the diversity of life
on Earth and reestablishing an ecologically healthy relationship between nature and culture.

The opinions expressed in this book are those of the author(s) and are not necessarily the same as
those of SER International. SER, 285 W. 18th Street, #1, Tucson, AZ 85701. Tel. (520)622-5485, Fax
(270)626-5485, e-mail, info@ser.org, www.ser.org.

FM:IP_Aronson  5/24/07  8:47 AM  Page ii



restoring natural capital

FM:IP_Aronson  5/24/07  8:47 AM  Page iii



Society for Ecological Restoration International

The Science and Practice of Ecological Restoration
James Aronson, editor

Donald A. Falk, associate editor

Wildlife Restoration: Techniques for Habitat Analysis 
and Animal Monitoring, by Michael L. Morrison

Ecological Restoration of Southwestern Ponderosa Pine Forests, 
edited by Peter Friederici, Ecological Restoration 

Institute at Northern Arizona University

Ex Situ Plant Conservation: Supporting the Survival of Wild Populations, 
edited by Edward O. Guerrant Jr., Kayri Havens, and Mike Maunder

Great Basin Riparian Ecosystems: Ecology, Management, and Restoration, 
edited by Jeanne C. Chambers and Jerry R. Miller

Assembly Rules and Restoration Ecology: Bridging the Gap 
Between Theory and Practice, edited by Vicky M. Temperton, 

Richard J. Hobbs, Tim Nuttle, and Stefan Halle

The Tallgrass Restoration Handbook: For Prairies, Savannas, and Woodlands, 
edited by Stephen Packard and Cornelia F. Mutel

The Historical Ecology Handbook: A Restorationist’s Guide to Reference 
Ecosystems, edited by Dave Egan and Evelyn A. Howell

Foundations of Restoration Ecology, edited by Donald A. Falk, 
Margaret A. Palmer, and Joy B. Zedler

Restoring the Pacific Northwest: The Art and Science of Ecological Restoration 
in Cascadia, edited by Dean Apostol and Marcia Sinclair

A Guide for Desert and Dryland Restoration: New Hope for Arid Lands, 
by David A. Bainbridge

Restoring Natural Capital: Science, Business, and Practice, 
edited by James Aronson, Suzanne J. Milton, and James N. Blignaut

FM:IP_Aronson  5/24/07  8:47 AM  Page iv



Restoring Natural
Capital: Science,
Business, and 
Practice

Society for Ecological Restoration International

Edited by

James Aronson, Suzanne J. Milton, and James N. Blignaut

Foreword by

Peter Raven

Washington • Covelo • London

FM:IP_Aronson  5/24/07  8:47 AM  Page v



Copyright © 2007 Island Press

All rights reserved under International and Pan-American Copyright Conventions. 
No part of this book may be reproduced in any form or by any means without permission 
in writing from the publisher: Island Press, 1718 Connecticut Avenue NW, Suite 300, 
Washington, DC 20009, USA.

Island Press is a trademark of The Center for Resource Economics.

Library of Congress Cataloging-in-Publication Data

Aronson, James, 1953–
Restoring natural capital : science, business, and practice / by James Aronson, Suzanne J. Milton, and James 

N. Blignaut.
p. cm.

Includes bibliographical references and index.
ISBN-13: 978-1-59726-076-3 (cloth : alk. paper)
ISBN-10: 1-59726-076-2 (cloth : alk. paper)
ISBN-13: 978-1-59726-077-0 (pbk. : alk. paper)
ISBN-10: 1-59726-077-0 (pbk. : alk. paper)
1.  Restoration ecology. 2.  Economic policy. 3.  Natural resources—Management. 4.  Sustainable 
development. 5.  Human capital.  I. Milton, Suzanne J. (Suzanne Jane), 1952- II. Blignaut, J. N. III. Title. 
QH541.15.R45A76 2007
333.71’53—dc22                               2006100956

Printed on recycled, acid-free paper           

Manufactured in the United States of America

10  9  8  7  6  5  4  3  2  1

FM:IP_Aronson  5/24/07  8:47 AM  Page vi



contents

foreword xi
Peter Raven

preface xiii
James Aronson, Suzanne J. Milton, and James N. Blignaut 

PART I. Restoring Natural Capital: The Conceptual Landscape 1

Introduction
James N. Blignaut, James Aronson, and Suzanne J. Milton 

1. Restoring Natural Capital: Definition and Rationale  3
James Aronson, Suzanne J. Milton, and James N. Blignaut

2. Restoring Natural Capital: A Reflection on Ethics 9
James N. Blignaut, James Aronson, Paddy Woodworth, Sean Archer, 
Narayan Desai, and Andre F. Clewell

3. Restoring Natural Capital: An Ecological Economics Assessment  17
Joshua Farley and Erica J. Brown Gaddis

4. Restoring Natural Capital: A Mainstream Economic Perspective 28
Eugenio Figueroa B.

5. Assessing and Restoring Natural Capital Across Scales: 
Lessons from the Millennium Ecosystem Assessment 36
Richard B. Norgaard, Phoebe Barnard, and Patrick Lavelle 

6. Assessing the Loss of Natural Capital: A Biodiversity Intactness Index 44
Reinette Biggs and Robert J. Scholes

PART II. Restoring Natural Capital: Experiences and Lessons 55

Introduction
Suzanne J. Milton, James Aronson, and James N. Blignaut

TARGETS 

7. Setting Appropriate Restoration Targets for Changed Ecosystems in the 
Semiarid Karoo, South Africa 57
W. Richard  J. Dean and Chris J. Roche

vii

FM:IP_Aronson  5/24/07  8:47 AM  Page vii



8. Targeting Sustainable Options for Restoring Natural Capital in Madagascar 64
Louise Holloway  

9. Landscape Function as a Target for Restoring Natural Capital in 
Semiarid Australia 76
David Tongway and John Ludwig

10. Genetic Integrity as a Target for Natural Capital Restoration: 
Weighing the Costs and Benefits 85
Cathy Waters, Andrew G. Young, and Jim Crosthwaite 

APPROACHES

11. Restoring and Maintaining Natural Capital in the Pacific Northwest, USA 94
Andrew Carey

12. Restoring Natural Capital Reconnects People to Their Natural Heritage: 
Tiritiri Matangi Island, New Zealand 103
John Craig and Éva-Terézia Vesely

13. Restoring Forage Grass to Support the Pastoral Economy of Arid Patagonia 112
Martín R. Aguiar and Marcela E. Román

14. A Community Approach to Restore Natural Capital: 
The Wildwood Project, Scotland 122 
William McGhee 

15. An Adaptive Comanagement Approach to Restore Natural Capital in 
Communal Areas of South Africa 129
Christo Fabricius and Georgina Cundill 

16. Participatory Use of Traditional Ecological Knowledge for Restoring Natural 
Capital in Agroecosystems of Rural India 137
P. S. Ramakrishnan 

17. Overcoming Obstacles to Restore Natural Capital: Large-Scale Restoration 
on the Sacramento River 146
Suzanne M. Langridge, Mark Buckley, and Karen D. Holl

18. An Approach to Quantify the Economic Value of Restoring Natural Capital: 
A Case from South Africa 154
James N. Blignaut and Christina E. Loxton

ECONOMIC OPPORTUNITIES: CASE STUDIES

19. Capturing the Economic Benefits from Restoring Natural Capital in 
Transformed Tropical Forests  162
Kirsten Schuyt, Stephanie Mansourian, Gabriella Roscher, and 
Gerard Rambeloarisoa

20. Restoring Natural Forests to Make Medicinal Bark Harvesting Sustainable 
in South Africa 170
Coert J. Geldenhuys 

21. Assessing Costs, Benefits, and Feasibility of Restoring Natural Capital in 
Subtropical Thicket in South Africa 179
Anthony J. Mills, Jane K. Turpie, Richard M. Cowling, Christo Marais, 
Graham I. H. Kerley, Richard G. Lechmere-Oertel, Ayanda M. Sigwela, 
and Mike Powell

viii Contents

FM:IP_Aronson  5/24/07  8:47 AM  Page viii



22. Costs and Benefits of Restoring Natural Capital Following Alien Plant 
Invasions in Fynbos Ecosystems in South Africa 188
Patricia M. Holmes, David M. Richardson, and Christo Marais 

23. Return of Natural, Social, and Financial Capital to the Hole Left by Mining 198
J. Deon van Eeden, Roy A. Lubke, and Pippa Haarhoff

24. Protecting and Restoring Natural Capital in New York City’s Watersheds 
to Safeguard Water 208
Christopher Elliman and Nathan Berry 

25. Making the Restoration of Natural Capital Profitable on Private Land: 
Koa Forestry on Hawaii Island 216
Liba Pejchar, Joshua H. Goldstein, and Gretchen C. Daily

PART III. Restoring Natural Capital: Tactics and Strategies 225

Introduction
James Aronson, Suzanne J. Milton, and James N. Blignaut 

VALUATION

26. Valuing Natural Capital and the Costs and Benefits of Restoration 227
William E. Rees, Joshua Farley, Éva-Terézia Vesely, and Rudolf de Groot

27. A Decision-Analysis Framework for Proposal Evaluation of Natural 
Capital Restoration 237
Mike. D. Young, Stefan Hajkowicz, Erica J. Brown Gaddis, and Rudolf de Groot

LOCAL AND LANDSCAPE LEVELS

28. Overcoming Physical and Biological Obstacles to Restore Natural Capital 249
Karen D. Holl, Liba Pejchar, and Steve G. Whisenant

29. Overcoming Socioeconomic Obstacles to Restore Natural Capital 256
Christo Marais, Paddy Woodworth, Martin de Wit, John Craig, Karen D. Holl, 
and Jennifer Gouza

GLOBAL LEVEL

30. Overcoming Obstacles at a Global Scale to Restore Natural Capital 265
Robert J. Scholes, Reinette Biggs, Erica J. Brown Gaddis, and Karen D. Holl  

31. Managing Our Global Footprint Through Restoration of Natural Capital 
at a Global Scale 275
Joshua Farley, Erica J. Brown Gaddis, William E. Rees, and Katrina Van Dis

POLICIES AND INSTITUTIONS 

32. Making Restoration Work: Financial Mechanisms 286
Rudolf de Groot, Martin de Wit, Erica J. Brown Gaddis, Carolyn Kousky, 
William McGhee, and Mike D. Young

33. Making Restoration Work: Nonmonetary Mechanisms 294
William McGhee, John Craig, Rudolf de Groot, James S. Miller, 
and Keith Bowers

Contents ix

FM:IP_Aronson  5/24/07  8:47 AM  Page ix



PART IV. Synthesis 303

Introduction
Suzanne J. Milton, James Aronson, and James N. Blignaut 

34. Mainstreaming the Restoration of Natural Capital: A Conceptual and 
Operational Framework 305
Richard M. Cowling, Shirley M. Pierce, and Ayanda M. Sigwela

35. Restoring Toward a Better Future 313
Suzanne J. Milton, James Aronson, and James N. Blignaut

glossary 319

references 329

editors 365

contributors 367

index 375

x Contents

FM:IP_Aronson  5/24/07  8:47 AM  Page x



foreword

We could consider the earth as one big piece of real estate, as Bob Costanza has suggested
through his idea of the Earth Inc. company. Then we the people of this earth are the share-
holders and real estate managers, and we had better manage it well. But we are not only the
real estate managers, we also form an integral and essential part of the real estate itself. We
therefore have to come to grips with the fact that the earth’s resources—natural capital—are
finite and the limiting factor to development. Not only is natural capital finite, we are run-
ning out of it at an unprecedented scale and speed. This is because we’re using up the earth’s
stocks of resources faster than we are replenishing them. We would need several more plan-
ets the size of this earth to support our insatiable consumption and conversion of natural cap-
ital in the medium term—and this is clearly untenable!

There is, however, a way out. Utilizing the earth’s resources sustainably requires the res-
toration of natural capital at local, national, regional, and global scales, thus augmenting the
natural capital stock. This book, investigating the business, science, and practice of restoring
natural capital is thus a timely and valuable addition to the literature in this field, filling an
important gap concerning environmental management, conservation, and resource use.
Moreover, it is the first of its kind. A self-organizing group of seventy-one economists and
ecologists from around the globe share their collective and individual experience, research,
and skills around the core message: We can, and indeed must, supplement the earth’s dwin-
dling bioresources, even as we reexamine current patterns of consumption and the unjust dis-
tribution of those resources. Ecological restoration is proposed as part of the solution, but so-
cial issues, that is, the restoration of social capital, must be addressed as well. As the editors of
this volume suggest, ecology and ecological restoration must be practiced as if people matter.
The other half of the solution is that economics needs to refocus its analytic vision as if ecol-
ogy matters. This requires a fundamental paradigm shift. We can no longer consume natural
capital without restocking the earth’s resources. By restocking the earth we recognize that we
are part of the global ecosystem and that we have to take great care of this system, for our own
well-being and for our children’s sake.

We are at a precarious point in time. The decisions we make during the next few years will
have an unprecedented effect on the future of life on Earth. This further emphasizes the im-
portance of this book’s message of a better tomorrow.

xi
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The challenge now lies in accomplishing what we know has to be done. We have to con-
serve biological diversity. This, however, cannot be achieved only by enlarging natural
wilderness areas, valuable as that might be. We also have to adapt our outlook and learn to
live within limits, within the matrix between humans and nature. We need to manage this
delicate relationship to produce a better quality of life on Earth for all. One way of doing so,
as this book so clearly illustrates, is to acknowledge and accommodate the fact that humans
and other species are all fellow citizens on this planet, our one and only real estate. 

The Missouri Botanical Garden is glad to be involved with this book and with the process
of restoring natural capital. I believe we’re entering a new era of nature conservation, an era
that endorses the essence of restoring natural capital and an era that considers the prudent
management of ecosystems as a key to economic development. While congratulating the
contributors to this volume on a task well done, I would like to challenge them and everyone
who reads (and uses) this book to take this message forward to a new level of implementation
at all scales. The restoration of natural capital has to become mainstream science, policy, and
business all around the globe.

Peter Raven, President
Missouri Botanical Garden, St. Louis, Missouri, USA
September 2006

xii Foreword
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preface

Our precious planet is in peril. The economic overshoot of ecological thresholds is seemingly
the order of the day. Yet, it is clearly not enough to lament the excessive economic use and
human domination of ecosystems and sit as if in sackcloth and ashes while romanticizing the
days gone by. How can the current process of environmental degradation be stopped? How
can the process be reversed? And how can the damage already done, in part at least, be re-
paired? We believe that a two-pronged approach is required: first, a serious reduction in, and
better management of, the demand for ecosystem goods and services, and second, an in-
crease in the supply of these goods and services through what we call restoring natural capi-
tal. The restoration of natural capital, which is the exclusive focus of this book, is the shortest
way to express an attempt to actively augment the stock of natural capital to yield more eco-
system goods and services, but in such a way that it contributes significantly to all aspects of
human well-being.

It is the people who carry a vision, combined with a firm determination to accomplish it,
that shape tomorrow’s world, and change is imminent. Throughout this book the authors and
editors wish to convey a message of a better tomorrow. There is another way forward. We are
hopeful that, by acting collectively and bridging the ideological divide created by different
disciplines, ecologists and economists, individuals and governments can achieve a different
and positive outcome to the current economic-ecological crisis. 

We believe that the market for the restoration of natural capital is now opening, albeit too
slowly and on too small a scale. The good news is that a very wide range and a surprisingly
great number of activities related to the restoration of natural capital are already happening
in dozens of countries around the world. In the so-called developed world, this trend needs to
be linked to halting, or indeed reversing, the substitution of natural capital with manufac-
tured capital. In a developing world context, the restoration of natural capital has the poten-
tial to be incorporated within a larger-scale development strategy that includes food, water,
and energy security programs. In light of this emerging market realization, this book focuses
on the content and shape of strategies toward the restoration of natural capital to achieve the
optimum and most desirable outcomes in the quickest possible time. 

Part 1 of the book focuses on conceptual and theoretical issues, from both an economic
and a restoration ecology perspective. Part 2 presents an array of case studies from around the
globe. Part 3 deals with specific strategies to propel the restoration of natural capital forward.

xiii
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With the help of the many people listed herein, we have worked hard to assure continuity
and, above all, coherency throughout the book. We have not imposed our viewpoints or even
our terminology on the seventy-one distinguished and experienced contributors to this vol-
ume. Indeed, the editors would like to very warmly thank and acknowledge the team of econ-
omists, restoration practitioners, land managers, and ecologists from around the world that
participated in the two workshops (September 2004 in Prince Albert, South Africa, and Oc-
tober/November 2005 in St Louis, Missouri, USA) that led to this book, and who have so pa-
tiently cooperated in the long and detailed editing process. We also wish to thank all the
workshop organizers, namely the staff at the University of Stellenbosch (Alta da Silva) and
the Missouri Botanical Gardens (under the leadership of Peter Raven, and including Olga-
Martha Montiel, Sandra Arango-Caro, and Jim Miller) for the work they have done to make
the two workshops a success. The editors and contributors express their gratitude to all the
chapter reviewers who generously gave of their time to help make this a better book. For each
chapter, we sought reviews both internally, that is, from authors of other chapters in the book,
as well as externally. Following is the list of reviewers: Martin Aguiar, Dean Apostol, Sean
Archer, Philip Ashmole, Ricardo Bayon, Reinette Biggs, Joshua Bishop, Ivan Bond, Hugo
Bottaro, Carina Bracer, Antje Burke, Peter Carrick, Pablo Cipriotti, Andre Clewell, Richard
Coombe, Richard Cowling, John Craig, Dave Egan, Eugenio Figueroa B., James B. Friday,
Brad Gentry, Becca Goldman, Eric Goldstein, Pamela Graff, Isla M. Grundy, Jim Harris,
Matthew Hatchwell, Richard Hobbs, M. Timm Hoffman, Patricia M. Holmes, Tony
Leiman, Malcom Hunter, Klaus Kellner, Ira Kodner, Roy Lubke, Porter P. Lowry II, Kathy
MacKinnon, Jane Marks, Anthony Mills, Laszlo Nagy, Tim G. O’Connor, Jeff Opperman,
Claire Palmer, Gunars Platais, P. S. Ramakrishnan, Rick Rohde, José Rotundo, Jan Sallick,
Robert J. Scholes, Sjaak Swart, Colin Tingel, Simon Todd, David Tongway, Wessel Ver-
meulen, Nick Vink, Mathis Wackernagel, Christopher Ward, Cathy Waters, Adam Weltz,
Martin de Wit, Paddy Woodworth, and Mike D. Young.

The editors extend a very warm and special thank you to Christelle Fontaine and Alex
Chepstow-Lusty for their invaluable and unfailing help throughout the preparation of the
book. Christelle coordinated the voluminous correspondence and helped with the technical
preparation of all the chapters. Alex text-edited each chapter and had the unenviable task of
reducing words without compromising content; he did a superb job. Andre Clewell also
helped immensely by dialoging with the three editors. We also wish to thank Barbara Dean,
Barbara Youngblood, Erin Johnson, Jessica Heise, and all the members of the team at Island
Press. Finally, we gratefully acknowledge a two-year French (CNRS)–South African (NRF)
research grant (No. 17370), the support of the National Science Foundation (USA), the
Winslow Foundation, the Missouri Botanical Garden, and the Society for Ecological Resto-
ration International (SER), without which the two workshops and the preparation of this
book would not have been possible. In closing, we dedicate this book to all those bridge
builders dedicating their lives to the interface between economics and environment, and to
the children around the world who will inherit the natural, social, and human capital the
present generation chooses to leave behind.

James Aronson, Sue Milton, and James Blignaut 
April 2007
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part i  

Restoring Natural Capital: 
The Conceptual Landscape

This book on the science, business, and practice of restoring natural capital aims to establish
common ground between economists and ecologists, with respect to the ecological and so-
cioeconomic restoration of degraded ecosystems and landscapes, and the still broader task of
restoring natural capital. 

Irrespective of theories and ideologies, all economists agree that if one wishes to be better
off in the future, one’s capital base needs to be expanded through investment. This principle
applies across time and space and embraces everyone—from the smallest, poorest, and re-
motest household to the biggest multinational companies and nations. Concurrently, all
ecologists would agree that it is the habitats and ecosystems on which individuals, popula-
tions, and species depend that maintain and nourish the diversity and, indeed, the vitality of
life. If habitat destruction continues at the present pace, biological diversity, vitality, and re-
silience will decline; species will continue to disappear; and the flow of ecosystem goods and
services will decline. By contrast, when damaged or degraded ecosystems are rehabilitated or
restored, the marvelous diversity of organisms and the systems they form, with their enormous
potential for adaptation, evolution, and self-organization, is much more likely to be con-
served to the benefit of future human generations and, indeed, all life on the planet. 

Both economists and ecologists therefore agree that any investment to broaden the (eco-
nomic and ecological) base on which life depends will improve economic and ecological
welfare and societal resilience. The challenge, however, is that though the principle of capi-
tal investment can be universally applied, the object of the investment is not the same. Econ-
omists focus predominantly on manufactured capital, and ecologists focus on what is broadly
termed nature or what ecological economists call natural capital. Additionally, there is a
problem of scale to overcome, in both time and space. At present, future and distant impacts
on natural capital are discounted against present and proximal economic gains for people.
This needs to change. 

In this introductory section of six chapters, we provide a conceptual and contextual dis-
cussion of the new “leaping together” of pragmatically minded restoration ecologists and bi-
ologically aware economists. In the first chapter, we define natural capital and the restoration
thereof. We make a special effort to explain the relationship between restoring natural capital
and ecological restoration, as it is generally defined. Chapter 2 reflects on the restoration of
natural capital from an ethical perspective, whereas chapters 3 and 4 consider the restoration

1
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of natural capital from an ecological economics and a mainstream economic perspective, re-
spectively. Chapter 5 assesses the restoration challenges ahead, on a gamut of scales, in the
light of the work done by the Millennium Ecosystem Assessment (MA), and chapter 6 con-
siders a practical tool to assess the level and extent of biodiversity loss and, hence, a way to es-
timate the restoration requirement. Together these chapters set the scene and provide the
background to the various case studies presented in part 2, and to part 3, which is devoted to
the development of strategies at local, regional, and global levels to promote restoration. 

The fundamental notion we put forward is that the restoration of natural capital is a prac-
tical, realistic, and essential goal that requires the close collaboration of economists and ecol-
ogists. Through its application, lasting and mutually beneficial solutions can be obtained for
all people and all of nature. In other words, for improved quality of life and greater hope for
the future, it is vital to stop both the economic and ecological rot caused by the mismanage-
ment and waste of biological resources and the failure to replenish our dwindling stocks of
natural capital. The new vision we describe can be achieved only by natural scientists work-
ing in partnership with social scientists, forging a new path for ecologically sound, global and
local economies. We call upon society’s leaders to respond to the call for a radical paradigm
shift and to help usher in a new era built upon twin conceptual pillars: Economics as if nature
matters, and ecology as if people matter. This will allow us to move forward toward a sustain-
able and desirable future. 

2 restoring natural capital:  the conceptual landscape
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Chapter 1

Restoring Natural Capital: 
Definitions and Rationale

James Aronson, Suzanne J. Milton, and James N. Blignaut

The restoration of natural capital is arguably one of the most radical ideas to emerge in recent
years, because it links two imperatives—economics and ecology—whose proponents have
been at loggerheads for decades. In economically developed and developing countries alike,
however, we have to acknowledge that humans have transformed ecosystems to the extent
that the supply of life-essential ecosystem goods and services is seriously threatened (Wacker-
nagel and Rees 1997). This fact is summarized by two conclusions from the Millennium
Ecosystem Assessment (MA 2005f):

Over the past 50 years, humans have changed ecosystems more rapidly and extensively
than in any comparable period of time in human history, largely to meet rapidly grow-
ing demands for food, fresh water, timber, fiber and fuel. This has resulted in a sub-
stantial and largely irreversible loss in the diversity of life on Earth.

The changes that have been made to ecosystems have contributed to substantial net
gains in human well-being and economic development, but these gains have been
achieved at growing costs in the form of the degradation of many ecosystem services,
increased risks of nonlinear changes, and the exacerbation of poverty for some groups
of people. These problems, unless addressed, will substantially diminish the benefits
that future generations obtain from ecosystems.

We argue that natural capital has become a limiting factor for human well-being and
economic sustainability (Costanza and Daly 1992; Daly and Farley 2004; Aronson, Clewell,
et al. 2006; Farley and Daly 2006; Dresp 2006) and advocate that the restoration of natural
capital is the most direct and effective remedy for redressing the debilitating socioeconomic
and political effects of its scarcity. Conservation, and reducing waste are indispensable, but
likewise the investment in the restoration of natural capital that augments the pool of natu-
ral capital stock and hence stimulates the supply (or flow) of ecosystem goods and services
(Repetto 1993; Cairns 1993; Jansson et al. 1994; Clewell 2000). The restoration of natural
capital includes ecological restoration, but it goes further. The restoration of natural capital
also considers the socioeconomic interface between humans and the natural environment.
By functioning within this interface, the restoration of natural capital builds bridges be-
tween economists and ecologists and thereby offers new alternatives for ecologically viable
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economic development. It also offers new hope for bridging the worrisome gaps between
scientists and nonscientists and between developed and underdeveloped countries. 

Definitions of Terms and Concepts

Here we define a number of key terms pertinent to the concepts of restoration and natural
capital, and explain how this focus complements related approaches to ecosystem repair and
raises awareness of the need to make development ecologically, socially, and economically
sustainable. 

Natural Capital
Generally, development and the improvement of life quality are not possible without a grow-
ing asset, or capital, base. The concept capital, however, is not homogenous since one can
distinguish between five principal forms of capital (Rees 1995; MA 2005f):

• Financial capital (money or its substitutes)
• Manufactured capital (buildings, roads, and other human-produced, fixed assets)
• Human capital (individual or collective efforts and intellectual skills)
• Social capital (institutions, relationships, social networks, and shared cultural beliefs

and traditions that promote mutual trust)
• Natural capital, an economic metaphor for the stock of physical and biological natural

resources that consist of renewable natural capital (living species and ecosystems);
nonrenewable natural capital (subsoil assets, e.g., petroleum, coal, diamonds); replen-
ishable natural capital (e.g., the atmosphere, potable water, fertile soils); and cultivated
natural capital (e.g., crops and forest plantations)

Some clarification is required to distinguish between renewable, replenishable, and culti-
vated natural capital. Renewable natural capital is the composition and structure (stocks) of
natural, self-organizing ecological systems that, through their functioning, yield a flow (or
natural income) of goods and services. These flows are essential to life in general and are ex-
tremely useful to humans and all other species. Replenishable natural capital consists of
stocks of nonliving resources that are continually recycled through their interaction with liv-
ing resources over long periods (such as the interaction between surface mineral components
and living organisms that produces fertile, stable soil). The condition of renewable natural
capital stocks obviously influences the quality, quantity, and renewal rate of these essential,
replenishable, natural capital stocks, and vice versa. 

Cultivated natural capital arises at the dynamic interface of human, social, and natural
capital. This interface produces agroecological systems and amenity plantings that may be
more or less self-sustaining, depending on their design and management. Cultivated capital
forms a continuum between renewable natural capital and manufactured capital and may be
closer to one or the other, depending on the degree of transformation of the landscape, the
genetic material, and the subsidies (e.g., energy, water, nutrients, seeding, weeding, pest con-
trol) required for maintaining the system. It is often forgotten that, in all cases, both culti-
vated resources and manufactured capital are derived from renewable, replenishable, and
nonrenewable natural capital. This transformation of natural to human-made capital is
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“mining” the stock of renewable, replenishable, and nonrenewable natural capital, thereby
reducing it for future use, unless it is restored where it has been used up or degraded.

Ecological Restoration and Restoration of Natural Capital 
The Society for Ecological Restoration International’s Primer on Ecological Restoration (SER
2002) defines ecological restoration as “the process of assisting the recovery of an ecosystem
that has been degraded, damaged, or destroyed,” but it is a much broader concept. The goal
of ecological restoration, according to the SER Primer, is a resilient ecosystem that is self-
 sustaining with respect to structure, species composition, and function, while integrated into
a larger landscape and congenial to “low impact” human activities. Ecological restoration “is
intended to repair ecosystems with respect to their health, integrity, and self-sustainability”
(SER 2002). An associated discipline is ecological engineering, which involves restoring and
creating (thus, engineering) sustainable ecosystems “that have value to both humans and na-
ture” (Mitsch and Jørgensen 2004). Lewis (2005) cogently adds that ecological engineers at-
tempt to address both the restoration of damaged ecosystems and the creation of new sus-
tainable systems “in a cost effective way.”

The restoration of natural capital is any activity that integrates investment in and replen-
ishment of natural capital stocks to improve the flows of ecosystem goods and services, while
enhancing all aspects of human well-being. In common with ecological restoration, natural
capital restoration is intended to improve the health, integrity, and self-sustainability of eco-
systems for all living organisms. However, natural capital restoration focuses on defining and
maximizing the value and effort of ecological restoration for the benefit of humans, thereby
mainstreaming it into daily thought and action and promoting ecosystem health and in-
tegrity. Natural capital restoration activities may include but are not limited to (1) the resto-
ration and rehabilitation of terrestrial and aquatic ecosystems; (2) ecologically sound im-
provements to arable lands and other lands that are managed for useful purposes; (3)
improvements in the ecologically sustainable utilization of biological resources; and (4) the
establishment or enhancement of socioeconomic activities and behavior that incorporate
knowledge, awareness, conservation, and management of natural capital into daily activities. 

Those motivated by a biotic rationale for restoration, as explained by Clewell and Aron-
son (2006), and whose concern lies with the perpetuation of biodiversity, may raise a concern
here. They may argue that natural capital restoration’s human-centered focus will obscure an
essential insight of the restoration and conservation movements—that ecosystems and all the
processes and species they contain are worth restoring and preserving “for their own sake,” re-
gardless of their economic (or other) value to humans. This is true (see chapter 2); however,
in order to mainstream ecological restoration into the economy (chapter 34), it is also neces-
sary to show how humans will benefit directly from it and how the interaction between eco-
nomic and ecological systems could be improved through the restoration of natural capital. 

Rehabilitation and Reallocation
In figure 1.1, rehabilitation is aligned with restoration in that both generally take an “origi-
nal” (preanthropogenic era, sensu Crutzen and Stoermer 2000) or historic, culturally ac-
ceptable ecosystem or landscape as a reference for the orientation of interventions to halt
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degradation and initiate more sustainable ecosystem trajectories. By contrast, reallocation is a
term that describes what happens when part of a landscape, in any condition is assigned a
new use not necessarily bearing any relationship to the structure or functioning of the pre -
existing ecosystems. Whereas, traditionally, restoration seeks a complete or near-complete re-
turn to a preexisting state (although this is being challenged as a result of the consequences of
global climate change), by reassembling the species inventory, stresses, and disturbances, as
far as possible, rehabilitation focuses on repairing ecosystem functions, in particular raising
ecosystem productivity and services for the benefit of humans.

Where the spatial scale of damage is small and the surrounding environment is healthy in
terms of species composition and function, amelioration of conditions in the damaged patch,
together with ecological processes such as seed dispersal and natural recolonization by plants
and animals can lead to full recovery of resilient, species-rich ecosystems that provide a range
of services valued by humans (chapter 21)—including aesthetic, cultural, and what we may
call “spiritual” services. However, in heavily modified ecosystems, which have crossed one or
more thresholds of irreversibility (May 1977; Westoby et al. 1989; Aronson et al. 1993; Milton
et al. 1994; Whisenant 1999; Hobbs and Harris 2001; Walker et al. 2002), restoration of the
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Figure 1.1. General model of ecosystem degradation and possible responses, modified from Aron-
son et al. (1993). In this scheme, disturbance refers to undesirable anthropogenically induced
change. On the right-hand side of the figure, quantity and diversity of ecosystem goods and services
refers to their availability, while cost and difficulty of restoration of natural capital are the relative fi-
nancial and other expenditures and investments required for a continuum of management interven-
tion options. The exact positions of transformed ecosystems, with a range of restoration inputs, de-
pend on many variables, with the most plausible outcomes indicated. 
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preexisting species inventory may no longer be feasible. In such cases, only rehabilitation
and reallocation are likely to remain as viable, cost-effective alternatives, and any actions to
reverse environmental damage should be determined by socioeconomic decision making
that takes into account the spatial scale of the degradation, the present and future value of the
resource to humans, and the condition and composition of the surrounding ecosystem. 

Ecological restoration, rehabilitation, and reallocation can all contribute to the restora-
tion of natural capital and be pursued simultaneously in different landscape units. Through-
out this book, the term restoration (and hence, natural capital restoration) is often used so as
to include rehabilitation, whereas reclamation is not employed because of prior connotations
(Aronson et al. 1993; SER 2002). 

Rationale for Restoring Natural Capital

We now present some basic principles, following Clewell and Aronson (2006), that collec-
tively provide a rationale for the restoration, sustainable use, and enhanced protection of nat-
ural capital. They serve as a template that the editors and authors will use for the evaluation
of the case studies, regional overviews, and other contributions in this volume.

Principle 1. In setting targets for the restoration of natural capital, our premise is that
people of all cultures depend on the products and services derived from natural eco-
systems to provide much of their sustenance and well-being (Daily 1997; Balmford et
al. 2002). It follows that an improvement in the quantity or quality of natural ecosys-
tems increases human well-being, while degradation causes the converse. We assert
that self-sufficient, self-organizing natural ecosystems are appropriate restoration tar-
gets because, despite the deficiencies in our understanding of natural ecosystem
functioning (Balmford et al. 2005), it would appear that they provide most ecosystem
services (e.g., water purification, flood control) and some goods (e.g., natural pasture,
marine fish) more cleanly, efficiently, and inexpensively than human-designed sys-
tems, such as “improved” pasture or aquaculture (Costanza et al. 1997; Balmford and
Bond 2005). In the context of semicultural or cultural landscapes, and human-
 designed ecosystems (see, for example, chapter 16), the broader term of restoring nat-
ural capital is more readily applicable than ecological restoration, per se. 

Principle 2.  It has been remarked that anthropogenic global changes, including climate
change, have profound implications for ecological restoration and biological conser-
vation (Harris et al. 2006; Thomas et al. 2004), and the overlapping field of ecologi-
cal engineering (Mitsch and Jørgensen 2004; Kangas 2004) that deals with the design
and creation of ecosystems, as well as their restoration. However, we argue that the
only durable way to increase ecosystem services is by restoring the functions
(MacMahon 1987; Luken 1990; Falk 2006) and processes of self-sustaining ecosys-
tems. Such systems will adapt to climate change and evolve as well or better than
“designer ecosystems.” Furthermore, restoring natural ecosystems on a large scale
may actually help mitigate the effects of climate change (Clewell and Aronson 2006).
Finally, climate change scenarios in no way alter the obvious benefits of restoring
natural capital. 

Principle 3. Costs of restoration of natural capital increase as a function of the spatial ex-
tent, duration, and intensity of environmental damage, and with the complexity of
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the target ecosystem or socioecological system (George et al. 1992; Aronson et al.
1993; Milton et al. 1994). This cost increase reflects the increasing number of inter-
ventions required to achieve restoration as damage initially depletes the plants and
animals (for example, overfishing, deforestation), and then destroys the physical habi-
tat (for example, through pollution, soil erosion, hydrological or climatic changes),
not to mention the preexisting ties and links between people and the landscapes in
which they lived and worked. Like ecological benefits, social and economic benefits
from investments in restoring natural capital will generally take longer to be realized
where not only ecological injuries but also adverse socioeconomic changes have
been more profound and long lasting. 

Principle 4. Natural capital and manufactured capital are complementary. Increasingly,
the limiting factor for economic development is natural capital, and not manufac-
tured capital, as it used to be. 

Principle 5. Extinct species can never be recovered nor lost complexity fully understood
or restored. Therefore, it is better to conserve or use resources sustainably than to re-
store, and better to invest in restoring natural capital during the earlier stages of re-
source degradation and loss of sustainability in managed systems than to postpone
restoration activities.

Contribution

Here we have indicated that the restoration of natural capital includes ecological restoration,
but it also considers the socioeconomic interface between humans and the natural environ-
ment, including managed systems such as food, fodder, tree fiber, and fish farms, and the
awareness of the importance of natural capital in the daily lives of people. The recognition of
the real possibility of restoring natural capital helps build bridges between economists and
ecologists who can then develop a set of information and hypotheses to help develop new and
sustainable economic pathways while also repairing some of the ecological and socioeco-
nomic damage done in the past. As has been indicated, restoration and rehabilitation are not
the only ways of developing these pathways. Conservation and revised management of re-
sources and anthropogenic systems, as well as the reduction in consumer demand, among
other things, are also vitally important. In the following chapters, various authors including,
among others, economists and ecologists from various countries consider the theoretical,
commercial, financial, and practical implications of restoring natural capital. The goal is a
consilience of ecologists and economists offering practical strategies for redressing the debil-
itating socioeconomic and political effects of declining natural, social, and cultural capital
worldwide. This poses an immense ethical challenge, as well as new conceptual approaches
and revised strategy planning. In chapter 2, therefore, we reflect on the restoration of natural
capital from an ethical vantage point before returning to economic, ecological, and political
considerations. 
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Chapter 2

Restoring Natural Capital: A Reflection on Ethics 

James N. Blignaut, James Aronson, Paddy Woodworth, 

Sean Archer, Narayan Desai, and Andre F. Clewell

Over the past two centuries we have transformed natural capital to the extent that the supply
of life-essential ecosystem goods and services—for us, and all other organisms on the
planet—is quite seriously threatened. This calls for an urgent and active focus on and appli-
cation of the science, business, and practice of the restoration of natural capital—the theme
of this book. While the rest of this book deals with the restoration of natural capital from ei-
ther a theoretical (conceptual), practical (experiential), or strategic (planning) perspective,
this chapter reflects on the restoration of natural capital from an ethical vantage point. To do
so, we will first demystify the prevailing economic ethic and then discuss sustainability and
the contribution of restoring natural capital to the end of creating a new economic and so-
cioecological ethic based on sustainability, fulfilled relationships, and social justice.

People and Nature: A Relationship Gone Astray

In conventional neoclassical economics the natural environment, though recognized as an
essential production factor, is treated under the ceteris paribus (all other things being equal)
assumption. Mainstream economics thus assumes no quantitative or qualitative change to
stocks of natural resources due to substitutability and if there is no change to these stocks they
are by definition infinite. Clearly this is an unrealistic proposition, but one with dangerous
consequences.

On Economics, Values, and Ethics
In his penetrating book on ethics and economics, Wogaman (1986) states that it is important
to distinguish between intrinsic and instrumental values or principles. An intrinsic value is
something that is good in itself, and it requires no further justification. An instrumental value,
however, is something that contributes to the fulfillment (or realization) of an intrinsic value.
Instrumental values are, therefore, means to an end and not ends in and of themselves. The
question with which we are concerned is this: what are the intrinsic and instrumental values
in prevailing economic theory and thought?

The main theoretical construct of modern economics, generally called neoclassical eco-
nomics, is based on Adam Smith’s The Wealth of Nations (1776). Smith’s central premise is
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that people seek the maximization of individual utility or satisfaction. This idea has been de-
veloped subsequently as the maximization of consumption, which has become the intrinsic
value of neoclassical economics, the key value that requires no further explanation or justifi-
cation. The instrumental value is self-interest. Self-interest is the basis upon which people
compete with each other to achieve utility or consumption maximization. Self-interest per se
is sometimes presented as a typical or “normal” element of Darwinian natural selection. In
this context, however, the principle of self-interest is not applied to assure species survival, but
to ensure domination—the domination of one individual over another in human society, and
of Homo sapiens collectively over the rest of the natural world. While one can hardly argue
against the application of the self-interest principle for the sake of species survival, the conse-
quences of both individual and collective human domination are far reaching. Moreover,
Kropotkin, a Russian aristocrat noted both for his libertarian politics and original contribu-
tions to evolutionary theory (Kropotkin 1902), qualified Darwinism with his insight that evo-
lution involves mutual aid as well as competition. The zoologist Warder Clyde Allee devel-
oped this insight (Allee 1949; see also Bleibtrau 1970; Gould 1992), while Vermeij (2004)
provided a significant counterpoint to the view that self-interested domination is the univer-
sal norm. In the same vein, we firmly endorse Vermeij’s argument that humans, as top con-
sumers, should provide corrective feedback to the economy. It is after all a self-organizing sys-
tem, which needs to be allowed or even “pushed” to adapt in such a way as to sustain system
stability and survival. 

For a variety of reasons, these feedback mechanisms are failing to function: human soci-
ety, and economies, are not getting a vital, life-sustaining feedback message or are not regis-
tering it strongly enough (figure 2.1). The limited feedback, or information blockage, is a re-
sult of “the market” not recognizing that humans are part of a larger ecosystem. As long as our
species sees constantly increasing consumption for one and all as its supreme goal, the mar-
ket will provide all the right signals and information to this end, ignoring the ecological and
spiritual consequences. That maximization of, or growth in, consumption is a principle focus
of modern economics, a notion based on the faith in neoclassical or neoliberal economic
theory. An outcome of this “growth machine” model is increased polarization in global and
national economics and politics (as per divergent outcomes in figure 2.1). In some developed
countries there is far too much consumption, based as it is on clearly unsustainable levels of
material and energy output, while in most developing countries, there is too little per capita
consumption, leading to an increase in human vulnerability and chronic loss of dignity and
well-being. Whatever the situation, the flow of information from environmental indicators
back to the economy is “filtered” out. 

Changing the prevailing ideology will require a new paradigm in which the outcome 
of “the market process” is redefined toward a new end (we reflect on this in more detail in 
the next section). This is not impossible since, as we noted earlier, the economy is a self-
 organizing system. The market acts and reacts to information and is based on the premise
that people have the ability to reflect, analyze, and reinterpret the data that the market pro-
vides. It is the general failure of humans to absorb and act on the environmental information
that inhibits the much-needed change in values, behavior, and lifestyle. This failure to ab-
sorb information is due to a variety of reasons, including (1) an overload of information, (2) a
distrust of information sources, (3) an inability to comprehend the information, and/or (4)
because essential bits of information are being withheld by governments and others with
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power. However, as ecologists and economists, we understand that making information avail-
able is not enough. It is essential that we also contribute to communicating it to the wider so-
ciety (which constitutes the market) through education, the media, culture, and all the
means available within democratic politics.

That message is that our world sets natural limits to how much we can consume and that
we are pushing way past those limits, blindly and recklessly. Ironically and tragically, the hu-
man drive to domination, as opposed to survival, threatens not only many other species but
also, conceivably in the near future, the survival of the human species itself. Since consump-
tion acts as the intrinsic economic value, consumption gains control over persons who desire
to continually consume more. The supporters of “value-free,” neoclassical economics deny
this. “Normative economics is speculative and personal,” as Friedman famously wrote; it is “a
matter of values and preferences that are beyond science. Economics as science, as a tool for
understanding and prediction, must be based solely on positive economics, which is in prin-
ciple independent of any particular ethical position or normative judgments” (1953, 4).

Within positive economics, the efficiency criterion (calculation) gains supremacy over all
other values, such as fairness, obligation, prudence, honesty, loyalty, sustainability, and prac-
ticability (Bromley 2000). Some would argue (see Von Hayek 1993) that it is unethical to re-
strict the market by introducing ethical guidelines, since the outcome of the market process
is ethically desirable by definition. According to this view, the moral solution to all economi-
cally related problems would be to extend the boundaries of private property rights to be all-
encompassing (Coase 1960), in other words, the systematic commodification of all public
goods, including ecosystem goods and services of all kinds. 
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Figure 2.1. Simplified state and transition model of the global, consumption-based economic
growth machine with indications of its various outcomes and environmental impacts. Overexploita-
tion (often begun during colonial periods) combined with inequity and maldistribution confounds
the problem of underconsumption.
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The procommodification view is in stark contrast with the belief that ethical guidelines
should modify social actions and behavior. These guidelines, which Kant and Habermas call
“a context-relevant common moral denominator,” find their expression in the concepts of
equality and human rights (Kant 1956; Habermas 1993). Commodification and con-
sumerism are biased toward inequality and contribute to the marginalization of the weak in
favor of “progress” and the self-interest of the strong. Commodification also disregards the
fact that the natural environment, in all its diversity and complexity, is valuable. This is be-
cause of the difficulty of its valuation in monetary terms, and because some elements within
this diversity have no direct value to humans. Many ecologists argue that ecosystems are in-
deed valuable in themselves, quite apart from their human-use value (Jordan 2003). That is a
strong argument ethically, but it has not made a large enough impact on our societies to save
the earth’s natural capital from degradation. The restoration of natural capital argument, by
making strong and interlinked economic and ecological cases, should have a much broader
appeal and therefore a much deeper impact on public opinion and policymakers, globally
and locally.

People, however, have to have a sense of purpose to build and maintain dignity, self-
 esteem, and meaning in their lives, which are of course much wider and deeper concepts
than the maximization of consumption (Monod 1971). This implies that humans, as rela-
tional beings, have a fundamental need for “fulfilled relationships” at many levels that in-
clude subsistence, protection, affection, understanding, participation, recreation or leisure,
capabilities, creativity, identity, and freedom (Max-Neef 1989). Therefore, people are not to
be seen apart from, but rather as part of, the natural environment. This relationship requires
restoration as well.

A Divided World: People Versus Nature
The maximization of consumption, as a prevailing value for society, has lead to the establish-
ment of an ideology of economic growth. Heilbronner (1985, 62) eloquently describes this
process as leading us “to the larger picture that [Adam] Smith had in mind. We would call it
a growth model, although Smith used no such modern term himself. What we mean by this
is that Smith shows us both a propulsive force that will put society on an upward growth path
[consumption] and a self-correcting mechanism [self-interest] that will keep it there.” 

To grow economically requires an accumulation of manufactured capital. Manufactured
capital is by and large converted or transformed natural capital (see chapter 1). This implies
an asymmetrical application of the self-interest principle. As a result, not only do people fight
each other for resources but collectively perceive their self-interest as being in conflict with
the natural world, or as Schumacher (1973,13) wrote, 

Modern man does not experience himself as a part of nature but as an outside force
destined to dominate and to conquer it. He even talks of a battle with nature, forget-
ting that if he won the battle, he would find himself on the losing side. Until quite re-
cently, the battle seemed to go well enough to give him the illusion of unlimited pow-
ers, but not so well as to bring the possibility of total victory into view. This has now
come into view, and many people, albeit only a minority, are beginning to realize what
this means for the continued existence of humanity.
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People are fighting nature because they consider themselves to be outside of, or set aside
from, nature. A new ethic is required that insists that economics and political economic poli-
cies must take account—monetarily and otherwise—of the cost of consumption of natural
capital and ecosystem services. Humans, in an increasingly crowded world, can no longer
permit the ideology of consumption maximization to take precedence over the need for eco-
system resilience and human justice (Blignaut 2004a). 

In sum, economic growth is important, but so are social relationships and relationships
with nature, education, law, justice, and so on. In a holistic approach (Smuts 1926, 86),
where ecology and economics are integrated, a new kind of scientifically and ethically based
consensus is necessary to address current world problems. It is in this context that sustain-
ability emerges as the signpost of the way forward and the means to restore healthy relation-
ships both within and among human societies, and between people and nature.

Sustainability

We argue that fulfilled relationships, with oneself, with others, and with the natural world,
are the most desirable of all ethical values frameworks. We consider sustainable development
as the most effective instrument for building this framework. Within sustainable develop-
ment, however, there are strong differences of emphasis. Some proponents stress human
well-being, whereas others stress the maintenance of natural processes, sometimes known as
ecosystem well-being. These differences are reflected in two prevailing and often cited defi-
nitions of sustainability: (1) “Providing for the needs of the current generation without com-
promising the ability of future generations to provide for their own needs” (Brundtland Re-
port 1987), and (2) “The capacity to create, test and maintain the adaptive capability [of
natural ecosystems]” (Holling et al. 2002). Though these definitions may seem incompatible,
in reality they are not. The Holling definition can be interpreted as an ecological prerequisite
for the Brundtland definition. In other words, if we do not maintain the adaptive capability of
natural ecosystems, we compromise the ability of future generations to provide for their own
needs. The converse is also true.

Not only is there a plethora of definitions for sustainable development, the matter is fur-
ther complicated by the fact that many economists argue that natural capital (including un-
transformed natural capital) is not directly required for economies to function and that natu-
ral capital can largely be substituted by the growth of manufactured capital (figure 2.2a).
This notion of substitutability is known as “weak sustainability,” the first scenario discussed
here (Van Kooten and Bulte 2000). Weak sustainability presupposes that all forms of capital
are completely interchangeable in the process of production, in the estimation of total
wealth, in tracking changes in asset values, and in calculating sustainable income (Pearce
and Turner 1991; Solow 1991; Dorfman 1997; Pezzey and Toman 2002). The value system
employed is unabashedly anthropocentric and utilitarian.

Second, the strong sustainability notion of ecological economists recognizes that natural
and human-made capital are complementary but not substitutable. This is because natural
capital is broader than just natural resources of direct use to humans or natural commodi-
ties that can be manufactured (Daly 1990; Ekins 2003; Ekins, Simon, et al. 2003) (see also
chapters 1 and 3 in this regard). Strong sustainability is a concept currently more favored by
ecologists, and their allies among economists, than by most politicians and mainstream
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economists. Its central contention is that the internal substitution of different components
of natural capital and, above all, its replacement by the other forms of capital, is only possi-
ble to a limited degree. This is based on the premise of the precautionary principle and the
application of safe-minimum standards for prudent management. The proponents of strong
sustainability affirm that economic growth based on the destruction of natural capital will
be unsustainable, because economies require natural, social, and manufactured capital to
survive (figure 2.2b). Most of those who promote the search for strong sustainability do nev-
ertheless acknowledge the inevitability of tradeoffs, namely that economic objectives often
have environmental and social costs (figure 2.2c), and vice versa (Duchin and Lange 1994).
In this third scenario quality of goods and services is given equal or greater importance than
quantity. This corresponds to the difference between development and growth of socioeco-
nomic systems. The restoration of natural capital has economic costs, but these are greatly
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Figure 2.2. Four contrasting sustainability paradigms: 
(A)  Neoclassical perspective: economic growth can continue after natural capital has been depleted. 
(B) Environmentalist pessimistic perspective: predicting an economic crash following natural capital

depletion.
(C) Ecological economic vision wherein tradeoffs to growth are accepted in favor of maintaining nat-

ural capital and a more sustainable economy through qualitative improvement of ecosystem and
resource management.

(D) The possible effects of restoration of natural capital on quantity and stability of human-made
capital. 

Panels A and B are redrawn from Folke et al. (1994), with permission from the authors and the pub-
lisher. Panels C and D are original and previously unpublished.

Restoration prevents economic crash
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outweighed by its benefits, because it increases the prospects for sustainable development
and reduces the threat of economic, social, and ecological disaster (figure 2.2d).

A compromise between weak and strong concepts of sustainability is offered by the notion
of critical natural capital (chapter 3). This term is the product of a conceptual partitioning of
natural capital between components that are irreplaceable, and therefore critical, and the re-
maining kinds that can indeed be replaced. This compromise allows bridge building be-
tween ecologists and economists to go forward in a consensual fashion. 

More than twenty years ago, Norgaard (1985) highlighted two incontrovertible facts of
relevance. First, environmental systems are not divisible, a fact that invalidates the neoclassi-
cal assumption that all resources are divisible and can be owned (which makes the procom-
modification view implausible). Second, “environmental systems almost never reach equi-
librium positions, and . . . changes [in them] are frequently irreversible” (Norgaard 1985,
382–83). Furthermore, Norgaard wrote, 

Critical natural capital cannot be defined. It is not that there are no thresholds but that
there are many, many thresholds that are interdependent, spatially and historically,
and sensitive to a history of intertwined perturbations, etc., and we can predict few, if
any, of the thresholds, or the consequences when they are crossed. To base the argu-
ment on the existence of something we cannot define puts one in the position of then
having to define it if challenged. (Norgaard, 2 January 2006, personal communica-
tion) 

Here Norgaard implicitly emphasizes the difference between the limiting aspects of posi-
tivist science, which focuses only on the predictive capacity of our epistemological knowl-
edge, and the need for an ethical framework. We need a context-relevant, generally accepted
moral determinant to guide us where positivist science cannot take us. The fact that we can-
not determine the various threshold limits exactly does not imply that they do not exist. Indi-
visibility, disequilibria, irreversibility, uncertainty, and the existence of (ambiguous) “critical”
components of natural capital lead proponents of strong sustainability to place an ever
greater importance on natural capital. They see natural capital not only as a complement to
manufactured capital but in fact vital for all life worthy of the name “life” (Ekins, Simon, et
al. 2003). In more sober words, substitutability of different forms of capital is limited and in-
elastic. Therefore, the need to preserve critical natural capital imposes severe constraints on
economic growth that depends on the transformation, pollution, or destruction of natural
capital. Failure to respect these fundamental principles has in the past, and could again in
the future, lead to ecosystem collapses and, what’s more, “economic collapse might be
brought about by ecosystem collapse” (Van Kooten and Bulte 2000, 240). The collapse of the
Easter Island community, brought about by ecosystem collapse, is a good example (Diamond
2004). Neoclassical economists consider this view unnecessarily pessimistic and sometimes
dub it “neo-Malthusian.” Yet to ecologists and ecological economists it seems obvious, or self-
evident, especially in a crowded world like the one we live in today. 

Contribution

It is evident from the discussion presented that there are definite social, ecological, and ethi-
cal parameters within which economic development and growth has to take place. The pre-
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vailing ideology of growth is based on a false and seriously dangerous misconception that it is
possible for humans to alienate themselves from the natural world and to dominate it, “as if
from the outside,” and yet continue to live comfortably “on the inside.” When people decide
to restore natural capital, they not only set out to physically and biologically repair degraded,
damaged, or destroyed natural capital, they also—more or less consciously—seek to repair
and restore a healthy psychological, social, and spiritual relationship with nature. Investing
time, energy, and financial capital in the restoration of natural capital is an acknowledge-
ment that people are part of an intricate web or matrix of relationships that encompasses na-
ture, including other people near and far, other forms of life, other material objects, the econ-
omy, and science. The act of restoring natural capital might be costly in financial terms, but
in addition to the augmentation of ecosystem goods and services, it adds both value and
meaning to all of these relationships. It contributes to the development or reinforcement of
dignity, self-esteem, and restored relationships to past, present, and future generations. These
values are not all quantifiable, yet it is possible to determine the monetary value, implicitly or
explicitly, of the value of the ecosystem goods and services delivered by restoration. Such
monetary values will, however, always be partial and subject to the underlying ethical frame-
work. To illustrate this point, the next two chapters provide a theoretic framework for both the
valuation and the restoration of natural capital from two completely different ideological
 perspectives.

Restoration provides an essential alternative to the prevailing paradigm of maximizing
consumption that can be achieved through an ethical framework based on fulfilled relation-
ships. We recognize the daunting scale of the task of putting these principles into practice in
a global societal context where the ideology of growth dominates economics, politics, cul-
ture, the media, and education. These practical issues are the focus of the rest of this book. It
should be kept in mind that politics, which is the practical social expression of our ethics and
our collective values system, plays a key role in shaping our societies and conduct. In all of
these contexts, the strategy of restoring natural capital can, and should, make a difference.
We believe that that difference is crucial to the outcome of current debates about the future
of our societies and the biosphere within which we live, and without whose goods and ser-
vices we could no longer exist. 
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Chapter 3

Restoring Natural Capital: 
An Ecological Economics Assessment

Joshua Farley and Erica J. Brown Gaddis

In this chapter we show how the application of the basic principles of ecological economics
can provide concrete and practical guidelines for deciding if, when, and where to restore nat-
ural capital. A mainstream economic approach to the same question is presented in the next
chapter. We begin by defining distinct categories of natural capital: source, service, sink, and
site. We then propose corresponding strategies for measuring and valuing natural capital as
they relate to the restoration thereof and distinguish between critical and noncritical natural
capital. Measurement strategies are evaluated according to their usefulness in attaining the
goals of ecological sustainability, social justice, and economic efficiency through the restora-
tion of natural capital. 

Important Concepts in Ecological Economics 

Whereas neoclassical economics focuses on the microallocation of scarce aspects of natu-
ral capital among different market products, ecological economics focuses also on macro-
allocation, the apportionment of finite ecosystem structure between economic production
(economic goods and services) and ecological production (ecosystem goods and services).
Such an analysis is useful in answering the following types of questions related to the restora-
tion of natural capital:

1. How much restoration is required to support life-sustaining ecosystem functions? 
2. When is restoration imperative, and when should restoration be considered based on

marginal costs and benefits?
3. When should restoration focus on restoration of ecosystem function or on ecosystem

structure?
4. How should the costs and benefits of restoration be distributed within society and be-

tween generations? 

Addressing these questions in depth requires that we first explore some ecological economic
concepts describing the framework with which we approach the restoration of natural 
capital.

17
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Ecological Economics: The Imperatives

As mentioned in chapter 2, neoclassical economics elevates the efficiency criterion above all
other criteria for resource allocation. Ecological economics also considers efficient alloca-
tion important, but it is secondary to the issues of scale and distribution (Daly 1992).

Scale concerns the macroeconomic question of how large the economic system can be
relative to the ecological system that sustains and contains it (sustainable scale), as well as
how large it should be (desirable scale). If we exceed sustainable scale, we must restore natu-
ral capital until our ecosystems regain their ability to reliably generate critical life support
functions and supply our economy with the raw materials and waste absorption capacity it re-
quires. Efficient allocation entails sacrificing the least valuable ecological services in ex-
change for the most valuable economic ones. Economic growth beyond the point where eco-
logical costs outweigh economic benefits is inefficient and exceeds desirable scale. 

Distribution addresses equity or the apportionment of resources among different indi-
viduals. In a market economy, different distributions result in different allocations, so the 
desirability of a given allocation depends on the desirability of the distribution that gener-
ated it. With respect to restoration, a just distribution requires that those responsible for 
exceeding desirable scale and/or those who benefit from restoration pay for restore it (see
chapter 26).

Natural Capital
In chapter 1, the various categories of natural capital were identified, and capital was defined
as a stock that yields a flow of benefits. Defining natural capital requires that we evaluate the
role of ecosystem structure and function in delivering a variety of benefits to society. First,
natural capital in the form of ecosystem structure provides sources of raw materials for eco-
nomic production, such as timber, fish, and fossil fuels. Equally important are the functions
provided by natural capital as ecosystem services for climate regulation, water supply, and so
on, and as sinks absorbing and processing society’s waste (Coddington 1970). Although eco-
system services are as essential to our welfare as raw materials, they are dramatically harder to
measure. Finally, we must also value the site (or location) of natural capital both in terms of
its spatial relationship to human society and as a physical substrate for capturing solar energy
and rainfall. Though site is neither a good nor a service per se, it is generally the single most
important variable in determining the market value of land (the substrate on which all ter-
restrial restoration must occur), and nearly as important in determining the nonmarket val-
ues of the ecosystem services it does or could generate. 

Most forms of natural capital simultaneously function as sources, services, and sinks,
while site strongly influences the value of those functions. For example, a forest ecosystem
may regulate and filter water flow (service), supply timber for building (source), and absorb
carbon dioxide from the atmosphere (sink); its proximity to human populations (site) heavily
influences the value of these other functions. A key question then is how to value all of these
simultaneously for one geographic area and compare it to other areas, which may supply
other important ecosystem goods and services. Note that some of these functions are primar -
ily beneficial for local residents (filtration of water), whereas others provide global services
(absorption of carbon dioxide).
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Natural Capital as a Source of Raw Materials 

The source component of natural capital consists of the stock of raw materials provided by na-
ture that is essential for all economic production and includes renewable, replenishable, and
nonrenewable resources. The restoration of natural capital can increase the stock of renew-
able and replenishable resources, but not nonrenewable ones; the extraction and use of all
these stocks can seriously impair and degrade ecosystem function.

Sources can also be characterized as stock-flow resources (Georgescu-Roegen 1979).
Stock-flow resources are physically transformed through production and embodied in what-
ever is produced. Use is equivalent to depletion, but stock-flow resources can be stockpiled,
and humans can control the rate at which they are used. These resources are appropriately
measured as physical quantities, such as cubic meters of timber, barrels of oil, or tons of fish.
In addition to being essential to all economic production, stock-flow resources are vital ele-
ments of ecosystem structure, the building blocks of ecosystems. All stock-flow resources are
rival in use, which means that one person’s use of a given resource leaves less for others 
to use.

Fund-Services: Ecosystem Services and Waste Sink

The service component of natural capital consists of the ecosystem services that sustain all life
on the planet and are essential inputs into many types of economic production. Ecosystem
services are ecosystem functions of value to humans that arise as emergent phenomena when
the various elements of ecosystem structure (the source component of natural capital) inter-
act with one another to create a complex system (Costanza et al. 1997; Daily 1997). In a self-
sustaining system, such services create the conditions that allow the biotic elements of eco-
system structure to reproduce. These services have been categorized in many different ways,
but common categories include regulation services, production services, habitat functions,
and information services (De Groot et al. 2002). 

Ecosystem services can be characterized as fund-services (Georgescu-Roegen 1976). In
contrast to stock-flows, fund-services are resources that are not physically transformed into
what they produce, and hence are not depleted through use—human-made fund-services
wear out, but natural ones are maintained by solar energy. A fund-service is the result of a par-
ticular configuration of stock-flow resources. Fund-services cannot be stockpiled, the rate at
which they are provided cannot be directly controlled by humans, and they are appropriately
measured as a quantity of service per unit of time. Most ecosystem services are nonrival in
use, which means that one person’s use of the resource does not leave less for someone else—
for example, when one person benefits from the flood control services provided by a healthy,
forested watershed, it does not diminish the amount of flood control left for anyone else.

The sink component of natural capital is the capacity of natural systems to absorb and
process the waste products of economic production. Ecosystems act on waste in two distinct
ways. Biologically active compounds can be transformed through processes such as cellular
respiration, nitrification, and denitrificiation. If sufficiently dilute, waste products from the
processing of biotic stocks can actually benefit ecosystems and restoration; for example,
sewage is often used as a fertilizer in the restoration of forests. In excessive concentrations or
in ratios inappropriate for biological cycling frequently produced by human activity, how-
ever, biotic wastes can seriously degrade ecosystems—for example, when too much raw
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sewage is dumped directly into aquatic systems. The same is true for some wastes resulting
from the use of abiotic stocks, such as CO2. In small concentrations CO2 can benefit restora-
tion, but in the concentrations currently emitted they are major factors in ecological degra-
dation. For example, anthropogenic CO2 is acidifying the ocean, reducing the viability and
calcification of coral reefs (Royal Society 2005).

Ecosystems can also quite literally absorb metals and other persistent compounds by phys-
ically binding them to soil particles (adsorption) or absorbing them as molecules into biolog-
ical tissue. Other wastes from abiotic stocks, such as persistent organic pollutants, take an ex-
tremely long time to break down, as their name implies, and they probably cause some
ecological problems even in small concentrations. Wastes such as heavy metals and other el-
ements can never be broken down. When the flow of any waste into the environment exceeds
the capacity of the ecosystem to break it down, the waste will inevitably accumulate, resulting
over time in concentrations that seriously degrade the receiving ecosystem. Although ecosys-
tems can evolve to adapt to high nutrient or high metal environments, the time scale neces-
sary for the natural system to respond is several orders of magnitude larger than the human
lifetime, making the loss in ecosystem function permanent as relevant to society. Over very
long time spans, these wastes may be transformed through natural processes into less toxic
compounds, or buried where they do no harm. 

Site 

Finally, the site component of natural capital refers to land and water as physical substrates
capable of capturing solar energy and rainfall. Biotic natural capital—source, service, and
sink—requires this substrate, which is undergoing increasing conversion to economic ac-
tivities. Site can be quantitatively measured in terms of surface area, solar radiation, rain-
fall, substrate, and other factors that affect its quality, but in a market economy its mone-
tary value is determined almost solely by its relationship to human population centers. 
Thus, throughout most of the world the market value of land in urban areas is generally thou-
sands of times more valuable than otherwise identical rural land. The value of the source, 
service, and sink functions of natural capital is determined by its proximity to population
 centers.

Critical Natural Capital
While natural capital sustains all life and all economic production, not all natural capital is
equally important to human survival. It is therefore useful to define critical natural capital
(CNC) both spatially and functionally, as those components of natural capital that are essen-
tial to human survival and for which there are no adequate substitutes (Ekins, Simon, et al.
2003). In most cases CNC cuts across source, service, sink, and site. This concept is impor-
tant in addressing the question of when restoration is imperative and when decisions can po-
tentially be left to marginal analysis of costs and benefits.

Many economists argue that manufactured capital is an adequate substitute for natural
capital (for the extreme version of this argument, see Simon 1996), and therefore there is no
such thing as CNC. From this perspective, sustainability requires nondiminishing quantities
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of capital as measured by value, though the specific type of capital does not matter. Ecologi-
cal economists and ecologists, in contrast, generally assume that manufactured capital can
substitute for natural capital only at the margin. For example, tractors and fertilizers can al-
low sustained yields on smaller and smaller plots of land, but only up to a point—we cannot
feed the world from a flowerpot (Daly and Cobb 1994). From this perspective, sustainability
requires nondiminishing quantities of CNC. The former position is commonly referred to as
weak sustainability and the latter as strong sustainability (Neumayer 1999; see also chapters 2
and 4 for more on the distinction between strong and weak sustainability). 

The existence of ecological thresholds and the complex nature of natural capital in which
each component is related in some way to every other component complicate the precise
identification of CNC. Individual species (source components of natural capital) exhibit
thresholds in the form of minimum viable populations (MVP), and if populations fall below
this level through harvest or habitat degradation, they become extinct. Unfortunately, we do
not know what constitutes a MVP, which may range in number from many millions to just a
few individuals. In a complex system, the loss of one species may trigger the loss of others in
a chain reaction. Ecosystems may similarly be depleted below a minimum viable size. For ex-
ample, studies suggest that the Amazon rain forest recycles rainfall, but if the forest falls be-
low a certain unknown size there will be inadequate rainfall to sustain the system (Salati and
Vose 1984). Another threshold results when waste emissions exceed absorption capacity re-
sulting in reduced ecosystem function and an eventual accumulation of waste. Ecosystem
thresholds may also be determined by the particular configuration and character of ecosys-
tem structure, not just total quantity. For example, the same area of forest provides different
and unequal services if it is fragmented or contiguous forest (for a case study in developing
forest corridors, see chapter 8).

Multiple ecological thresholds are interconnected in a complex system, and what consti-
tutes a viable level or configuration of a given element of CNC depends on the status of other
elements. For example, climate change that results when we surpass the global waste absorp-
tion capacity for CO2 may affect both the minimum viable size of an ecosystem and the MVP
of a species. Restoring natural capital may affect the minimum viable size of species or eco-
system and can help them recover from otherwise nonviable states. Ecological systems sci-
ence is critical to this approach as restoration of one type of ecosystem may be best accom-
plished by the restoration of other bordering systems. For example, aquatic restoration
(streams, lakes, estuaries) must be connected to the restoration of at least some of the func-
tions of upstream watersheds (forests, grasslands, and wetlands) and riparian zones to avoid a
return to the degraded state. 

Determining which and how much natural capital is critical has significant methodolog-
ical challenges. However, this determination is of key importance in determining whether
ecosystem restoration should be analyzed based on efficiency (marginal costs and benefits) or
whether the value is infinite and should therefore be determined based on science and ethi-
cal attitudes toward uncertainty and toward future generations. In most cases CNC cuts
across source, service, sink, and site. However, there are situations in which a particular piece
of natural capital may be especially valued for only one or two of these attributes or become
far more valuable in a particular place where natural capital is rare. Thus, comparing be-
tween source, service, sink, and site also requires appropriate valuation methodologies. 
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Units of Measure
Natural capital can be measured using monetary or nonmonetary methods (i.e., ecological
thresholds, ecosystem health indicators, and physical measures) (see chapters 26, 32, and 33).
Which approach we choose depends to some extent on our objectives and whether we em-
brace the notions of strong sustainability and CNC rather than weak sustainability. One ob-
jective is to compare the value of natural capital with that of the manufactured capital into
which it can be converted. If the weak sustainability paradigm holds, then monetary valua-
tion is perfectly appropriate for both manufactured and natural capital since the two can be
substituted for each other. Though many ecosystem services are not exchanged in markets,
economists have developed sophisticated (albeit controversial and costly) methods for esti-
mating nonmarket values. For example, economists might ask people how much they would
be willing to pay, hypothetically, for an additional unit of services provided by a healthy wet-
land (contingent valuation) or estimate the monetary damages from a marginal loss of wet-
land services such as flood control. Such values could be fed back into price signals via taxes
or impact fees for wetland development, for example, theoretically leading to more efficient
allocation of wetlands. We must remember however that monetary measures capture only ex-
change values, which are the value of one additional unit of service; they do not measure use
values, which are the benefits from all units available. Monetary measures are simply not de-
signed to measure any type of nonmarginal change. The distinction between exchange value
and use value explains why diamonds, a mere adornment, have a far greater monetary value
than water, which is absolutely essential to life.

Two major objectives of restoring natural capital are to ensure sustainable scale and just
distribution. Many ecological economists argue that these objectives take precedence over ef-
ficiency and are incompatible with monetary valuation. As ecosystem services are created by
nature, independent of individual effort, just distribution requires that decisions on their
value and allocation be democratic. But most monetary values are derived from estimated
demand curves. Since demand is preferences weighted by income, monetary valuation is
based on plutocratic principles, not democratic ones. Monetary valuation also discounts the
interests of future generations. Sustainable scale, which is the preservation of CNC, on the
other hand protects the interests of the future. In addition, if the strong sustainability para-
digm holds, there are no human-made substitutes for CNC, and in a complex system there
are unknown thresholds beyond which CNC can collapse. Crossing the threshold from ade-
quate to inadequate stocks of CNC is catastrophic, not marginal, and marginal valuation is
inappropriate. Appropriate measures are physical, relying primarily on science.

Scale: How Much Restoration Is Required to Support Critical 
Ecosystem Functions?

When evidence suggests that natural capital is nearing a threshold of criticality, restoration
(in addition to conservation) is imperative regardless of cost; though if there are several ways
to achieve a goal, then cost effectiveness should be a criterion. Restoring vital function is the
priority. Determining the physical size and configuration of CNC is inherently a question of
measuring physical attributes and relies primarily on science. However, our ignorance con-
cerning ecosystem function means that even physical estimates of ecological thresholds can-
not be entirely objective. From a sample size of one (e.g., the planet Earth when considering
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restoration issues on a global scale), it is impossible to estimate irreversible ecological thresh-
olds with any certainty, and how we choose to treat uncertainty is ultimately a normative
 decision. 

The sustainability gap, or SGAP, has been proposed as a framework by which CNC can
be compared to the current stocks of natural capital (Ekins, Simon, et al. 2003). SGAP is de-
fined as “the difference between the current situation, the state of the natural capital stock or
the pressure being put upon it and the sustainability standard” (Ekins, Simon, et al. 2003).
SGAPs are expressed in physical units dependent on the function or service being considered
by specific ecosystems. Determining this gap requires that we not only measure the current
stock of natural capital but also calculate the natural capital required for sustainability. If the
current stock of natural capital is below the minimum estimated to be required for sustain-
ability (quantitatively or qualitatively), then CNC is being depleted. In such instances resto-
ration is imperative to bring the physical stock of natural capital back to the minimum level,
defined as that which is self-supporting and sustainable for both ecological and human 
systems. Ekins, Simon, et al. (2003) have developed a more specific framework, called 
CRITINC, that practitioners can use to evaluate specific examples of CNC by tracing eco-
system services back to specific ecosystem stocks. Again, we recognize that actual implemen-
tation of many of these measures is extremely challenging due to levels of uncertainty sur-
rounding critical thresholds.

While the CRITINC approach emphasizes stock measures, Daly (1990) has defined
three flow measures for sustainable use. First, stocks of renewable and replenishable re-
sources cannot be used any faster than they are being renewed. Second, waste emissions must
be less than waste absorption capacity. Third, essential nonrenewable resources cannot be
depleted any faster than technology develops renewable substitutes. When we exceed the
first two limits, we must restore natural capital sources and sinks or reduce resource extrac-
tion and waste emissions (Daly 1996). We cannot avoid uncertainty when measuring such
biophysical constraints, and the possibility of crossing irreversible thresholds means we
should always err on the side of caution. 

Can monetary valuation provide useful information about CNC? As mentioned earlier,
economists recognized two types of value: use value and exchange value. Use value measures
the total contribution of something to our well-being. The use value of CNC is infinite.
Monetary values in contrast are based on exchange value, which measures marginal benefits.
The approach for measuring total value used in estimating gross national product (GNP) is
to multiply the marginal value (or price) for each good or service by the total quantity pro-
duced. Of course, manufactured capital is bought and sold in markets, and its marginal value
is created by market transactions. Marginal values of nonmarketed natural capital must be es-
timated using other much more complex methodologies. 

Even setting aside the methodological problems, estimating total values as marginal value
times (×) total quantity presents a serious problem when measuring natural capital. When a
resource is absolutely essential and has no substitutes, such as CNC, marginal value essen-
tially is infinite. For capital stocks near the criticality threshold, marginal values are excep-
tionally high and fluctuate dramatically with small changes in quantity supplied: in eco-
nomic jargon, demand is price inelastic. A small decrease in supply will lead to an enormous
increase in price, so that total value (price × quantity) paradoxically increases as total quantity
declines. 
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Figure 3.1 shows hypothetical demand and supply curves for natural capital stocks. When
natural capital stocks are relatively abundant, we use them for nonessential goods and ser-
vices. Marginal values are low and demand is elastic. As stocks diminish to vulnerable levels,
we must dedicate what remains to meeting ever more essential needs. Demand becomes in-
elastic. This means that as natural capital stocks diminish from Q2 to Q1, the total value of the
stock as measured by economists (indicated by the shaded areas in the figure) will increase,
and the weak sustainability goal of maintaining a constant value of capital stocks becomes
nonsensical. Even if we stick to marginal values, which are all that monetary valuation can
legitimately be used for, the value of important natural capital will fluctuate dramatically
with small changes in quantity, in which case meaningful values would need to be reesti-
mated, frequently at high cost, and the cost of small estimation errors could be large.

Efficient Allocation: Which Restoration Initiatives Are 
Most Beneficial to Society?

When natural capital stocks fall below the criticality threshold, they must be restored. Effi-
ciency is relevant only to how we restore the stocks, which should be done as cost effectively
as possible. However, this marks only the minimum quantity of natural capital required.
Once we are safely within the bounds of sustainability, we should instead consider desirable
quantities of natural capital—not only whether but also how and where to restore natural
capital. Desirability is a more subjective assessment than sustainability. In such analyses
monetary values can be an effective tool in prioritizing restoration initiatives and in allocat-
ing limited funds for such endeavors. 
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Figure 3.1. Hypothetical demand and supply curves for natural capital, showing increasing inelas-
ticity of demand as capital stocks diminish, and the impact on total value as measured by price ×
quantity. 
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The primary question concerning efficient allocation is whether the marginal benefits of
a proposed restoration initiative exceed the marginal costs. As an ecosystem is restored from a
degraded state toward full function, marginal benefits diminish and costs increase. Simply re-
moving a disturbance to an ecosystem may allow the system to restore itself at a very low cost.
Physical modification of a degraded system, for example, restoring hydrological flow patterns,
is more expensive but may cost effectively reclaim key ecological services, including water fil-
tration, waste absorption, and water regulation, despite the fact that the full former ecological
structure has not been restored. As we approach true restoration of a system, that is, restora-
tion not only of ecological function but also of the former ecosystem’s “characteristic species
and communities” (Harris and Van Diggelen 2006), costs may escalate dramatically. As long
as natural capital stocks are relatively abundant, the marginal value of benefits is likely to
change only slowly, as seen in figure 3.1, so that we can safely compare marginal costs and
benefits. As we approach CNC however, marginal values begin to increase rapidly. While in
theory it might still be possible to engage in restoration of vulnerable natural capital based on
marginal analysis, the risks increase, as do the costs of continually reestimating marginal ben-
efits. When valuation shows evidence of inelastic demand, it may be most efficient to simply
reallocate resources from valuation to restoration as the costs of repeated valuations increase,
and the costs of small errors could be catastrophic. 

Distribution: Who Benefits from and Pays for the 
Restoration of Natural Capital?

In considering issues of distribution we must pay attention to the distribution of resources be-
tween generations as well as between different individuals within a generation. Intergenera-
tional distribution is captured foremost in the decision to support strong sustainability,
thereby ensuring a sustainable quantity of natural capital into the future. An intragenera-
tional distribution requires that when weighing the marginal costs and benefits of restoration,
we consider both who benefited from the degradation of the ecosystem and who would ben-
efit from its restoration. Often these will be very different groups of people both geographi-
cally and in terms of socioeconomic class. In determining who should pay for the restoration
of natural capital, monetary valuation should be used with caution. Whereas many econo-
mists assert that monetary values are an objective measure of scarcity and preferences as re-
vealed by market decisions (see chapter 4), we argue that market demand is a function of in-
dividual preferences weighted by wealth and income; it accounts only for the preferences of
those alive today, and gives greater weight to the preferences of the wealthy. The decision to
discount the preferences of the poor and of future generations is normative. 

Many financing mechanisms and policies are designed to balance the costs and benefits
of restoration to different members of society. See chapters 26–33 for an extensive discussion
of these issues.

Putting Theory into Practice

This chapter focuses on the theory behind a framework (figure 3.2) that can be used to sup-
port decisions regarding the restoration of natural capital. The framework is applicable re-
gardless of whether we are considering the restoration of natural capital at the global scale,
such as the sequestration of carbon dioxide, or at a local scale, such as water filtration. We
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have been quite theoretical through most of this chapter, though much of this book focuses
on specific examples of restoration to which this framework can be effectively applied. 

Before applying this framework, the boundary within which the analysis is conducted and
the goals of the proposed restoration must be clearly defined. In so doing, the identification of
stakeholders becomes more transparent and the distributional issues of payment for restora-
tion can be more carefully analyzed. The first step in applying the framework laid out in this
chapter is to determine whether the ecosystem requiring restoration is on the brink of eco-
logical thresholds that provide critical life-supporting functions. If the answer is yes, then res-
toration should be undertaken to close the gap between the natural capital required for sus-
tainability and the current level of natural capital and should be done so as cost effectively as
possible. In such cases, the primary goal of restoration should be to restore critical ecological
function even if this means full ecosystem structure cannot be restored. 

If the restoration initiative is determined to be safely below the critical ecological thresh-
olds, then a marginal cost-benefit analysis can be used to determine which areas should be re-
stored and to what extent. Any decision requires consultation with science and the commu-
nities that would benefit from the source, service, sink, and site resources provided by the
degraded ecosystem. Keep in mind that the restoration of any natural capital is likely to have
benefits at more than one scale even though the stated purpose of the restoration may be spe-
cific to the global or local scale (chapter 31). Table 3.1 shows the many ecosystem services
provided by restoration of a forest at several different scales. The value of restoring the natu-
ral capital in a given section of forest may thus vary widely if it is primarily valued for global
carbon sequestration versus local water filtration. Likewise the marginal value of wetlands for
storm protection is likely to be much higher for local residents than its global marginal value
for carbon sequestration. How the value of multiple benefits provided by natural capital at
different scales is effectively used in prioritizing restoration projects is a developing area of
policy and theory to which ecological economics theory can provide valuable insights. Once
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Figure 3.2. Applying ecological economics framework to questions of if and when to restore natural
capital.
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restoration is decided upon, efforts to assign the cost of the restoration to those who degraded
the system in the first place should be made. In many cases governmental bodies will provide
the funds of restoring natural capital due to the public nature for the goods and services
 rendered.  

Contribution

In this chapter we have outlined a framework based on key principles in ecological econom-
ics that can be used to determine when restoration of natural capital is imperative and when
it is appropriate to make decisions based on marginal costs and benefits. When natural capi-
tal, at any scale (local, regional, or global), is nearing an ecological threshold, as determined
by science and measured in physical units, the restoration of natural capital is imperative to
preserve life-supporting, self-sustaining ecological functions. In cases where existing stocks of
natural capital are well within the sustainability thresholds, efficient allocation of resources,
including the prioritization of restoration projects, becomes an issue of desirability and can
be based on the marginal costs and benefits of the proposed restoration initiatives. In such
cases, monetary valuation and market mechanisms may be useful in determining how much
and which areas of natural capital it is optimal and desirable to restore. When monetary val-
uation provides evidence that demand for natural capital is inelastic, natural capital stocks
may be vulnerable, and it becomes more efficient to spend scarce resources restoring natural
capital than valuing it. Regardless of how a restoration decision is arrived upon, we stress the
importance of distributing the benefits and costs of such projects justly among society and fu-
ture generations. 

Given the degree of scientific uncertainty involved in determining what is CNC, coupled
with different ethical attitudes toward uncertainty, an objective decision-making rule for de-
ciding when restoration is a question of necessity or of desirability is probably impossible.
Agreement on the level at which we strive to measure CNC—locally, regionally, or glob-
ally—will be contentious. Which scientists or technocrats are entitled to make decisions will
also be contentious. Such issues demand more discussion than space allows for here, but a
framework for decision making is provided in chapter 27. 
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table 3.1 

Ecosystem services provided by restored forest
Local Regional Global

Service Water regulation Water filtration Biodiversity
Source Food, water Timber: trade diminishes 

relevance of spatial scales
Sink Toxic waste Nutrients Carbon dioxide
Site Key determinant of value of different services
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Chapter 4

Restoring Natural Capital: 
A Mainstream Economic Perspective

Eugenio Figueroa B. 

Restoring natural capital is an important part of environmental projects, regulations, and
policies in the developed world and is rapidly becoming so in the developing world as well.
However, even though nature conservation has been shown to be less costly than transform-
ing remaining wildlands to artificial uses (Balmford et al. 2002), the high restoration costs of
degraded landscapes have yet to be properly analyzed from an economic perspective. This is
especially relevant for developing countries faced with scarce resources and the needs of
growing populations, many of whom live in poverty. For example, in many Latin American
countries large financial investments have been used in restoring natural capital, especially
in the mining sector prior to mine closures, and only a few studies have been carried out on
the ultimate economic and social justification of these investments.

This chapter, in contrast to the previous one that discussed an ecological economics ap-
proach to restoration, presents a neoclassical (mainstream) economic approach in assessing
natural capital restoration activities and recommends a multidisciplinary conceptual experi-
ment to be carried out to enable and enrich its assessment, especially in developing countries

Assessing natural capital restoration projects, policies, and investments requires evalua-
tion of environmental impacts, not only of their physical effects but also their relative social
effects. Usually mainstream economists and ecologists disagree about the criteria to use to
evaluate environmental services in general, and environmental degradation in particular.
Many of their divergences arise from profound conceptual differences in dealing with some
issues that are crucial in defining and determining environmental sustainability. It is ex-
pected that this chapter’s pluralistic scope will increase interdisciplinary communication and
reduce the broad conceptual gap separating economics and ecology regarding fundamental
issues related to environmental valuation, such as substitutability, irreversibility, marginal ef-
fects, and scale dimensions. 

Natural Capital and Its Restoration: An Economic Perspective

When analyzing the large investments and efforts made to restore natural capital in many
countries during the 1990s, economists have been concerned with the costs and benefits of
such undertakings, as well as how restoration should be implemented in the future. Resource
scarcity forces societies to determine under which circumstances natural capital restoration
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is justified vis-à-vis satisfying everyday human needs. To analyze the type of conceptual issues
involved, a formal economic model of social decision making will now be presented. Then a
two tier approach is proposed to implement a multidisciplinary mechanism to assess restora-
tion projects and policies in developing countries.

Optimal Restoration of Natural Capital
Here we examine a dynamic model of a society maximizing its welfare when it exploits its
natural capital, Z, to produce consumption goods and services. The society’s welfare function
is defined as

(1) W = W(U0,U1,U2 . . . , Ut),

where W is a society’s welfare function and Ut is the aggregate utility (or welfare) at time t, de-
fined as a weighted sum of the utilities of the individuals in society. It is assumed that indi-
viduals satisfy their needs from consuming goods and services produced by the economy and
harvested or otherwise utilized natural capital. Therefore, the aggregate utility in each mo-
ment t is assumed to depend on the consumption level, Ct, and the amount of natural capi-
tal at that moment, Zt:

(2) Ut = U(Ct,Zt)

and Uc > 0, Ucc < 0, Uz > 0, and Uzz < 0. The societal challenge is to maximize the present
value of its welfare within an infinite time horizon: 

(3) W = ∫∞0 U(Ct,Zt)e–rt dt

At time 0, the stock of natural capital is assumed to be given and equal to Z0. The econ-
omy produces at each moment different goods and services, which are represented by a com-
posite commodity, Qt. The production of this commodity is a function of the stock of manu-
factured capital, Kt, and the amount of natural capital used, Et, since all goods are assumed
to be produced using only manufactured and natural capital. As a result, Et represents the to-
tal amount of natural capital used and therefore includes all the natural productive inputs
(such as wood, minerals, water, air, soils, etc.), as well as forms of degradation (contamina-
tion, loss of ecosystem services and aesthetic properties, etc.) caused by human activities.
Moreover, since some forms of natural capital have a capacity for self-restoration, it is as-
sumed that they restore themselves according to function g(•), which has as an argument the
stock of natural capital, Zt. Additionally, natural capital can also be restored by human inter-
vention through function v(•), which has as an argument the resources spent in restoring de-
graded natural capital, at.

Subsequently, the community’s composite commodity is produced each moment
through a production function involving the amount of manufactured and natural capital
used (equation 7).

Using a standard optimal control theory problem, the society’s welfare maximization
problem can be represented as

(4) max W= ∫∞0 U(Ct,Zt)e–rt dt
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s.t. (5) K
•

t = Qt – Ct – at

(6) Z
•

t = –Et + g(Zt) + v(at)

(7) Qt = Q(Kt,Et)

(8) K(0) = K0

(9) Z(0) = Z0

In all equations X
•

= ∂X/∂t, indicating a change or growth in a specific variable.
Equation 5 is the motion for the stock of manufactured capital of the economy, and it im-

plies that the capital stock, Kt , changes at time t in the amount of investment generated at
time t, K

•
t, which is equal to what is produced at time t, Qt, minus what is consumed at time

t, Ct, minus what is spent in restoring natural capital, at. 
The stock of natural capital, Zt, in turn, changes at time t according to equation 6. It in-

creases in the amount it is augmented by natural regeneration, g(Zt), minus the amount it is
decreased by utilization and degradation Et, plus the amount it is augmented by human-
 induced restoration, v(at). Equations 7 to 9 restrict the maximization problem to the assumed
production function and the given initial amounts of manufactured capital, K0, and natural
capital, Z0.

Using a Hamiltonian function to solve the dynamic maximization problem in equations 4
to 9, and obtaining from it the canonical equations characterizing the optimal solution, it is
possible to derive the following equations: 

λ
•

(10) __ = r – QK
λ

φ
•

(11) __ = r – gZ – va
φ

where λ and φ are the costate variables for manufactured and natural capital, respectively.
Each of them measures the shadow price of its associated state variable at each point in time.
The control variables are Ct, Et, and at.

Equations 10 and 11 together state the dynamic efficiency condition that each asset or re-
source has to earn the same rate of return, and that this rate of return is the same at all points
in time. The expression λ

•
/λ in equation 10 represents the rate of change of the shadow price

of manufactured capital for the economy, which in equilibrium has to be equal to the rate of
change in its market price (capital gains). Markets for manufactured capital goods generally
exist in modern economies and therefore there is a known value for λ

•
/λ. The expression QK

in equation 10 is the marginal productivity of capital, showing how much product Q the
community would obtain if, at the margin of production, it adds a unit of manufactured 
capital K to its production function Q(Kt,Et). Thus, equation 10 implies that the return to
manufactured capital (i.e., capital gains plus marginal productivity, λ

•
/λ + QK) must be equal

to the interest rate, r, which in equilibrium is also equal to the social rate of intertemporal
preference (social discount rate).

The expression φ
•
/φ in equation 11 represents the rate of change of the shadow price of

natural capital. In equilibrium it should be equal to the rate of change of the market price of
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natural capital. However, natural capital will be in a steady-state equilibrium when its stock
is constant over time, i.e., when Z

•
t = 0. According to equation 6, this will occur when Et =

g(Zt) + v(at), or, in words, when at each moment of time the total utilization and degradation
of natural capital (Et) is equal to its augmentation produced by natural growth, g(Zt), plus its
human-induced restoration, v(at). This is true only for nonexhaustible resources. Moreover,
if the demand for natural capital is constant over time, natural capital’s price will remain also
constant and φ

•
/φ will similarly be equal to zero. Thus, equation 11 demonstrates that, in a

steady-state equilibrium, society should spend resources in restoring natural capital until the
point where the last dollar spent in restoration generates value equal to the rate of interest, r,
minus the rate at which natural capital restores itself, gz. Though, if the economy is out of the
steady-state equilibrium, φ

•
/φ need not be equal to zero.

For nonrenewable resources, such as minerals or fossil fuels, g(Zt) would be zero and φ
•
/φ

would be different from zero. In this case, equation 11 implies that optimal restoration is at-
tained when the marginal resource spent in restoring natural capital generates a value equal
to the rate of interest minus the price increase in the resource.

It is important to point out that in the real world it is not as easy for society to determine
optimal solutions as those derived here. On the one hand, there are serious difficulties in
defining the social preference or utility functions involved in the model. On the other, an ex-
plicit market for natural goods and services does not always exist and, therefore, there are no
market prices for most of the goods and services provided by natural capital. This implies that
it is quite complicated for society to determine either when its exploitation of renewable and
exhaustible resources or its restoration of natural capital is at an optimal level. 

Optimal Restoration of Natural Capital in the Real World

Two main messages arise from the previous section. First, even though restoring natural cap-
ital may sound like a reasonable aim in general, in a world of scarcity, decisions for using re-
sources for this purpose need to follow certain rules. Second, the information needed to de-
termine and follow such rules is not easy to obtain.

When determining optimal levels of natural capital restoration, developing countries
should use the information relevant to their own conditions. This implies that, given their
own social preferences, levels of development and greater abundance of natural resources
relative to developed countries, developing countries are able to invest less in restoring natu-
ral capital when both confront similar natural capital degradation. 

Currently, only a few studies have focused on the real needs of restoring natural capital in
developing countries and their mining sectors (Ginocchio 2004; MMSD-AS 2002; Zolessi
and Figueroa 2002), let alone the appropriate or optimal levels of investment for achieving
this. In fact, most of these works deal with specific technical or scientific issues related to
physical environmental damage, while very few studies have been carried out regarding the
economic and social evaluation of restoring degraded natural capital.

Figueroa et al. (2002) propose general guidelines for improving how the Chilean judicial
system deals with lawsuits related to environmental damage. Indeed, this example demon-
strates the delayed response in developing countries for tackling environmental issues and
could be applied to the present topic as well. 
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Attaining Optimal Natural Capital Restoration

Attaining optimal levels of restoration of natural capital is especially relevant and challenging
for developing countries given their pressing social needs. Although abundant literature ad-
dresses nature restoration activities and analyzes different technical aspects (e.g., engineering
procedures, pollution treatments, reforestation measures, etc.) of them, little documentation
is available regarding the economic aspects of such activities. It is therefore difficult to assess
whether the investments for restoring natural capital in developing countries are close or far
from being optimal from an economic perspective. In Latin American countries, for exam-
ple, where some mining activities are in remote areas, the social costs of natural capital dete-
rioration could be small if managed properly. It might therefore be more profitable and ap-
propriate for these countries to use their limited investment resources for urgent social needs
in a social offset investment elsewhere.

Tradeoffs
When analyzing the cost of remediation and reclamation that have followed mine closure
programs in various Latin American and other developing countries in the world, an econo-
mist might ask if the resources used in such activities could have been better invested, for ex-
ample, in improving urban living conditions. This line of thought is familiar to economists
but less so to ecologists and conservationists, whose priorities are often based on different per-
ceptions, and hence a common ground needs to be sought. This book could make a relevant
contribution toward establishing it. 

Problems of Scale
Economists usually analyze human behavior and optimal decisions using the marginal ap-
proach of modern neoclassical economics. This is precisely the approach used in the eco-
nomic model presented earlier, but as is usual in economic analyses little attention was paid
to the scale of the economy as a whole and its relation to the natural resource base underly-
ing it. It is obvious that the model establishes a relationship between natural resource en-
dowments, that is, the stock of natural capital in the model (Zt), and economic activities, that
is, production (Qt), consumption (Ct), and investment (K

•
t); however, the scales of these ac-

tivities affecting the ecosystems and their capacity to support and maintain them over time
were not considered. This approach differs greatly from the ecologists’ perspective for whom
the notion of scale is generally central in the analysis, with thresholds of scale perceived to be
unable to be crossed without major and irreversible losses in ecosystem functioning.

It is essential to merge these two approaches and to incorporate the type of thresholds and
scale effects that concern ecologists in a model of the sort used here. This would enrich the
economic analysis, though it seems that the theoretical and empirical knowledge of ecology
is insufficiently developed to provide quantitative estimates of such thresholds and scale ef-
fects as to allow economists, by using them, to reduce the uncertainty of their own current
economic models, which are also full of uncertainties. There is therefore an ongoing need
for truly interdisciplinary work to identify available knowledge for understanding, defining,
and quantifying natural capital’s thresholds and scale effects that could be introduced into
economic models. 
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Substitution and Irreversibility
The model presented earlier illustrates another area of disagreement between economists
and ecologists that is at the heart of the discussion about the social appropriateness of using
scarce resources for restoring natural capital rather than for tackling “more urgent” human
needs. Economists generally consider that there is some degree of substitution between nat-
ural and manufactured capital. Moreover, for economists the concept of substitutability
refers to the ability to alter production and/or consumption, without changing the desired
overall flow of services, when the scarcity of some resource has increased. In the model pre-
sented, for the production function of the good produced by the economy, Qt = Q(Kt,Et), it
is assumed, that units of manufactured capital (Kt) and of natural capital (Et) can be substi-
tuted to produce the good Qt, since the function Q(•) is really an engineering type of rela-
tionship. Indeed, this kind of substitutability generally exists empirically (i.e., it is observed in
the real world) and is similar to the physical properties of the substitutability concept used by
ecologists. However, for economists, substitutability always refers to social (and/or individual)
valuation of resources, goods, and services in the context of the economic problem, that is,
the presence of scarcity. 

To understand this in the context of our model, it is necessary to see that in the aggregate
welfare function, Ut = U(Ct,Zt), that society maximizes in equation 4, manufactured capital
(Kt), and natural capital (Zt and Et) enter indirectly, through the produced good (Qt) that is
consumed (Ct), or directly, through Zt. It is through their relative contributions in value, in
terms of the welfare they provide to society, that natural capital (in its Zt or Et form) and man-
ufactured capital (Kt) are substitutable to generate the optimal level of the composite com-
modity (Qt, the goods and services of the economy) and, ultimately, of society’s welfare (W).
Therefore, the economic notion of substitutability goes beyond the engineering concept of a
production function, while the ecological notion of substitutability is closer, as ecologists
generally use the terms substitutability and reversibility in reference to the biophysical prop-
erties of ecosystems themselves. In fact, for ecologists the reversibility of a condition is related
to the resiliency of the ecosystem and its capacity to regain a former level of function after dis-
turbance. Substitutability is in ecological terms a form of redundancy (Walker 1992) in the
sense that it refers to the existence in an ecosystem of alternative sources of a given attribute
when it has diminished.

Economic recipes to achieve optimal solutions are stated in terms of marginal conditions
that largely disregard scale dimensions. This is because economics and economists are con-
cerned with sustainability in the sense of maintaining human (individual and social) well-be-
ing over time. Basically, therefore, economists are concerned with the capacity of natural
capital (Zt), manufactured, and other forms of social capital (all included as Kt) to meet hu-
man requirements. Natural capital obviously satisfies part of these needs but does not en-
compass all the variables determining human well-being. 

As Norton and Toman (1997) noted, if economic substitution possibilities are high
enough, natural capital disruption is not a special cause for concern in the economic model,
provided that society’s total saving rate is high enough to compensate for natural capital re-
duction and thereby produces sustainable welfare paths. Even irreversible changes in the
physical state of ecosystems are insignificant in this case, though the economic consequences
of such changes need to be accounted for. However, as these authors explain, the converse
also is true: if substitution in an economic sense is limited, then satisfying both current con-
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sumption demands and intergenerational equity concerns can lead to a greater need for safe-
guarding natural capital. In this case, those types of biophysical irreversibility studied by ecol-
ogists could also raise worries about economic costs that are a significant social concern.

To summarize, an interdisciplinary approach directed toward the convergence of the con-
cepts used by ecologists and economists, such as scale, marginal effects, substitutability, and
reversibility, could improve the ability of current economic models to assure future human
welfare levels with a reasonable degree of certainty, as well as the social relevance of the eco-
logical models. 

A Two-Tier Approach for Environmental Valuation 

A multidisciplinary conceptual experiment is now proposed for assessing natural capital res-
toration projects and policies implemented in Latin American and other developing coun-
tries. The purpose is to determine how activities for natural capital restoration could be mon-
itored, modified, and redesigned to improve their contribution to the social welfare of these
countries.

The two-tier approach proposed by Norton and Toman (1997) for enriching current envi-
ronmental valuation could lead to a more pluralistic and interdisciplinary system of decision
making. This approach establishes a categorization of problems that determines the kind of
decision rules that should be applied in different cases and identifies the decision rules them-
selves, implying that the context determines their application.

An example of a two-tier approach is proposed by Page (1977), which categorizes prob-
lems as intra- or intergenerational in their impacts and uses two criteria: efficiency and con-
servation. When, in a given context, intergenerational impacts predominate, the rule to apply
is conservation.

To apply the two-tier approach, problems should be categorized according to the type of
risk involved, followed by the identification of which criteria apply within different cate-
gories. The two parts of the process cannot be carried out in isolation. However, it is possible
to improve the quality of the interdisciplinary sustainability discussion by asking the relevant
questions separately, that is, by dividing the issues of which criteria (efficiency or conserva-
tion) are applicable, from the question of which specific policy should be implemented 
(Norton and Toman 1997).

This two-tier method has the further advantage of integrating the usual cost-benefit ap-
proach of welfare economics, as well as other options, while encouraging public discussion on
which criteria to apply in sustainability calculations and measures. It can also foster a more
adaptive, experimental process in which scientists, local communities, and policymakers col-
laborate on what to do in specific situations, and which criteria might be appropriate. This
kind of discussion may lead to a process of value articulation, criticism, and experimentation
with multiple schemes for valuing environmental goals. This is particularly important in de-
veloping countries, where public or community participation in policy decisions is rather
weak and the democratic and political system in charge of channeling social preferences into
concrete policies and projects operates with less efficiency than in developed countries. 

To work together analyzing natural capital restoration projects, economists and ecologists
could use this two-tier approach, incorporating previous attempts to integrate multiple crite-
ria for action (Norton and Ulanowicz 1992). These attempts characterize situations in which
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the standard cost-benefit analysis can be applied, while in others they can be weighted using
the safe-minimum standard of conservation (SMSC) criterion. This criterion asserts that a re-
source should be saved “provided the social costs are bearable” and, therefore, it places a
larger burden of proof on developers to demonstrate that the costs of protecting an important
resource are unacceptably high before undertaking the risk. Norton and Toman (1997) argue
that the SMSC criterion is a concrete expression of a moral judgment and that large-scale,
negative environmental effects may have unacceptable consequences for the intergenera-
tional distribution of opportunities and well-being. In its favor, this criterion provides a larger
scope for balancing benefits and costs than the precautionary principle, which argues for
erring on the side of caution when uncertainty is high. For example, the environmental im-
pact at mining sites, generally spatially confined and potentially reversible by natural succes-
sion in a number of years, could be incorporated into a cost-benefit analysis and be valued
mostly on efficiency grounds. On the other hand, situations with widely dispersed impacts
and/or impacts expected to persist for three or more generations, would be analyzed using the
SMSC criterion, and valued mostly on intergenerational equity grounds. 

Moreover, a scale dimension related to the ecological consequences of environmental
impacts caused by mining activities could be incorporated into the first phase of the two-tier
approach. In this way, situations in which environmental impacts affect features of ecosys-
tems, whose destruction may threaten “fundamental ecological production functions,” can
be differentiated, analyzed, and treated differently from others where impacts are on a
smaller scale. Different criteria to evaluate costs and benefits in each case could then be
used; for example, valuation could use a conservation criterion or a production criterion, de-
pending on the scale of negative ecological impact.

In agreement with Norton and Toman (1997), this pluralistic methodology for valuation
within a two-tier approach can be combined well with the ecologists’ concept of “adaptive
management.” This emphasizes that, in situations of high uncertainty, management plans
should be formulated so as to improve knowledge and reduce uncertainty by approximation
(Holling 1978; cf. chapter 11).

Combining the two-tier approach proposed here with ecological “adaptive management”
may be the most balanced strategy, for example, during the implementation of closure plans
in the mining industry, since these can occur in various phases over a protracted period.
Moreover, environmental specialists in the mining sector are familiar with the concept of
adaptive management. 

Contribution

Investment in natural capital restoration is rapidly increasing and, therefore, it is important to
assess the social convenience of this investment compared with other human needs. Only by
bridging the deep conceptual differences between economists and ecologists will it be possi-
ble to reach the required social consensus to make more informed decisions about the ex-
ploitation and conservation of natural capital. Thus, there is a need for interdisciplinary work
to enrich both economic and ecologic models for valuing natural capital. This chapter has
proposed an economic model that could help in such a work. The next chapter reviews les-
sons learnt by the interdisciplinary Millennium Ecosystem Assessment team.
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Chapter 5

Assessing and Restoring Natural Capital 
Across Scales: Lessons from the Millennium
Ecosystem Assessment

Richard B. Norgaard, Phoebe Barnard, and Patrick Lavelle

Whereas the previous two chapters considered two alternative economic approaches on de-
ciding when to restore natural capital, this chapter reflects on the lessons learnt by the Mil-
lennium Ecosystem Assessment (MA) for the assessment and restoration of natural capital,
mostly from an ecological perspective. At the outset it should be stated that it is not easy to re-
store ecosystem services or biodiversity with our current paradigms and ecological tools.
Though we understand intuitively that local natural capital is profoundly influenced by pat-
terns and processes in the broader environment, it is difficult to translate abstract insights into
practical actions for assessment and restoration. The MA therefore endeavors, vigorously, to
improve our ability to gain insights about ecosystem services across spatial and temporal
scales. 

The MA is the most comprehensive and in-depth assessment undertaken of how people
depend on and change ecosystems around the globe, involving about two thousand scientists
over five years. With an assessment structured around ecosystem services and the physical
and biological systems providing them, the MA scientists reviewed a vast literature, including
how the relationship between people and the environment may change and respond to
change in the future (MA 2005f). 

The MA was based around a framework (figure 5.1) for understanding the interplay be-
tween humans and ecosystems (MA 2003). This recognizes three broad categories of ecosys-
tem services of direct importance to people: provisioning, regulating, and cultural. It also
notes the reliance of ecosystems themselves on supporting services, which sustain ecosystems
and human livelihoods. Furthermore, the MA framework provides a way of thinking system-
atically about drivers of ecosystem change and helps identify intervention points to manage
the way humans interact with ecosystems.

What can this process tell us about natural capital and the restoration of degraded ecosys-
tems? The framework reminds us that we cannot understand socioecological systems and
natural capital at a single spatial or temporal scale, an issue also highlighted in chapters 3 and
4. Many participating scientists conduct relatively local and short-term field research, while
others work conceptually at global scales and for longer time periods. A major challenge has
been to understand how processes at one scale affect those at another. By layering different
spatial scales in figure 5.1, we are reminded to think locally, regionally, and globally, and in
shorter and longer timeframes. However, while the diagram helps us consider interrelation-
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ships between social and ecological systems at a given scale, it does not allow us to compre-
hend the dynamics across scales. In fact, neither figure 5.1 nor any other diagram in the MA
abstracts any key method for making links across scales. This absence suggests the difficulties
of the process. 

Nevertheless, restoring natural capital  requires the assessment of the degradation drivers
and possible solutions across scales. On a small scale, restoration considers carefully the local
environmental conditions and how these might be improved and maintained, including con-
vincing local people that their well-being has been improved (see the definition of restoring
natural capital in chapter 1). On a larger scale, the restoration and maintenance of natural
capital must be consistent with management of the broader landscape. For example, wet-
lands are influenced by upstream activities (such as inputs of nutrients, toxins, and seeds of
invasive alien plants) so that restoration can succeed only if planned within the landscape
context. In addition, to restore natural capital, it is necessary to identify who benefits from
ecosystem damage and/or who bears the costs of restoration.

As restoring natural capital becomes accepted practice, multiple interrelated sites, such 
as conservancy farms or major watersheds, can increasingly be restored together. Perceiving
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Figure 5.1. A framework for understanding ecosystem services and ecosystem change. 
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localities as dynamically connected requires a larger-scale analysis, while a broader social
context may be essential for successful restoration and maintenance. 

The Multiple Ecologies of Natural Capital

Natural capital is an economic metaphor for the ecosystem resources from which natural
services—physical and biological—flow (see chapter 1 for a more comprehensive defini-
tion). How we understand ecosystems therefore influences our abstract notion of natural cap-
ital. Yet plants and animals are not intrinsically organized in well-bounded ecosystems. We
organize them conceptually in different ways, depending on the ecological paradigm used.

Ecology consists of formal models, interpretive frameworks, and metaphors that help us
understand ecosystems. We can think of an ecosystem in terms of interacting populations in
an environment with a carrying capacity for each population, that is, a population biology
model. Alternatively, an ecosystem can be viewed in terms of interacting biogeochemical cy-
cles. Energetics models organize ecosystems according to energy flow among organisms,
whereas food web models or hierarchy theory describe the interactions of these components
differently again. Some of these models can be described with equations that have analytical
solutions, while others can be simulated and run as computational models. In some cases,
such as species-area curves, which predict that species numbers increase within a sampling
area, a general rule has emerged from statistical analysis of empirical data. Evolutionary ecol-
ogy (the study of how ecological contexts affect the evolution of organisms over time, and vice
versa) and landscape ecology might thus be described as interpretive frameworks. Ecologists
also use metaphors, such as environmental or ecosystem engineer, to remind themselves that
species from microbes to elephants transform their physical environments. Assessment of the
potential for ecosystem restoration uses insights from all these paradigms of ecology. 

The multiple ways by which we understand ecosystems have three important collective
traits. First, they do not all fit together within any overarching ecosystem metamodel. Ecolo-
gists do not first think broadly and then smoothly switch to the particulars. Nor can they al-
ways start with one particular issue and progress to another. Rather, ecologists see different
bundles of particulars in subtly different ways, where different models of ecology do the
bundling. Theoretical ecologists may have the luxury of working within one paradigm, but
restoration ecologists must be able to jump between several. The absence of a metamodel
makes these jumps necessary.

Second, because the frameworks of ecological analysis do not all cohere within a meta
model, some insights gained from thinking in different frameworks may be complementary,
and others contradictory. From a population biology perspective, one might imagine stable
equilibria or bounded cycles. Such imagined equilibria are soon disturbed, however, on
switching to a multispecies or assemblage perspective (Taylor 2005). Ecological under-
standing requires judging which model and insights are most applicable to particular situa-
tions. Having favorite models may blind a restoration ecologist to possible, or even fairly
probable, outcomes. Alternatively, making assumptions about how an ecosystem will look in
the future may lead one to select an inappropriate model that rationalizes a preconceived
endpoint.

Third, some ecological paradigms apply best at a particular scale, while others apply at
several. The scale at which ecologists think often depends on the organisms they study.
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Studying wolves and caribou in a predator-prey relationship requires a different spatial scale
than do meerkats or scorpions. Similarly, evolutionary timescales for pathogens are not the
same as insects, fish, or albatrosses. In fact, a switch in mental frameworks is frequently re-
quired to accommodate the range of ways models relate to different spatial and temporal
scales. Relying on one way of thinking about ecosystems can limit not only which parts and
relationships are considered, but also the spatial and temporal scales of analysis.

The various approaches to understanding systems across scales, and their implications for
policy and management, are recognized in an emerging interdisciplinary literature on adap-
tive social and ecosystem management (e.g., Berkes et al. 1998; Gunderson and Holling
2002). Ecology texts usually present the different models but say little about how to use the
range of tools together. Authors of such texts frequently organize their chapters by scale, going
from organism to community and landscape levels, without saying much about scale itself.
Effective assessment and restoration of natural capital requires an understanding of interac-
tions across scales as well as within scales.

Lessons from the Millennium Ecosystem Assessment for Restoration

The MA provides multiple lessons for thinking about spatial and temporal scales, while doc-
umenting the challenges to help subsequent researchers and practitioners set out from a 
realistic starting point. Most of these lessons are about analytical processes and paradigms for
restoration, rather than recipe-book insights about methods.

1. Case studies cannot always be combined to understand the larger whole. 

Many MA ecologists expected to be able to connect their own field knowledge with that of
other natural scientists working in similar ecosystems around the globe. In reality, this has
proven difficult as scientists investigating apparently similar ecosystems sometimes use differ-
ent frameworks, or emphasize different key variables in their analysis, simply because they fo-
cus on distinct ecological problems. In addition, two ecosystems may appear alike yet are sub-
ject to different driving forces and are on unrelated trajectories. Similarly, the MA ecologists
hoped to fit their understanding of natural systems with that of social systems, but they
quickly discovered that social scientists use multiple frameworks and emphasize different
variables. Most important, the links to ecological systems made by those stressing social sys-
tems were usually inappropriate for how ecologists modeled ecosystems, and vice versa. Fur-
thermore, these conceptual mismatches were often compounded when looking at case stud-
ies across scales.

2. Data are poor or incompatible. 

Ecologists rely on data collected by agencies with specific mandates. For example, in many
(not all) parts of the globe, weather agencies have long historical records. However, weather
data are often intensively recorded in populated areas but less so elsewhere, such as in moun-
tainous regions where conditions change dramatically along transects. Similarly, data on
population changes of various wild plants and animals are rare and often of poor quality, even
for commercially exploited food species such as Brazil nut trees (Silvertown 2004) and fish
(Smith et al. 2001). These kinds of data problems become particularly marked in developing
countries. Nevertheless, even the United States has had considerable difficulty establishing
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its National Ecological Observatory Network (NEON) due to the different needs of contrast-
ing ecological fields (NRC 2003).

The classification of ecosystems and terminology made it difficult in the MA to aggregate
studies or even to confirm results from apparently similar investigations around the globe. In
many cases, this was just a problem of incomplete data. In other cases, datasets were com-
plete but not comparable; soils were classified differently, or terms such as “desertification”
were defined so variably that data could not simply be compared. Hence, ecologists restoring
natural capital should expect to be confronted with similar problems in any effort to assess
natural capital across scales, or to understand how restoration at one site can inform that at
another.

3. The middle is missing. 

Most ecologists have developed their theories through fieldwork. The field of global ecology
has emerged in the past quarter century (Rambler et al. 1989), leading ecologists to leap con-
ceptually between small-scale patterns and global biogeochemical cycles. Of course ecolo-
gists have long known, for example, that migrating birds connect continents, and so on, but
ecological models incorporating such linkages and case studies documenting their impor-
tance are few. While there have been many efforts to construct theories covering the middle
scales for several decades (e.g., Brown 1995), applications are sparse. People interact on dif-
ferent scales, and globalization has extended and intensified large-scale linkages, not least
through serious long-distance biotic invasions. Accelerating change also makes it problem-
atic to compare studies from different time periods. Thus, it is not surprising that the partici-
pating MA scientists, especially those carrying out multiscale assessments, had difficulties ex-
tending local and regional analyses to larger scales. Nevertheless, the multiscale assessments
of the MA were pioneering in at least partially overcoming these obstacles.

4. Scale is important. 

As the MA’s global analysis was initially conceived, scientists were expected to assess the con-
ceptual and applied literature and evaluate the state of global ecosystems. The case studies,
however, were typically local and could not simply be aggregated to understand larger phe-
nomena—especially when ecosystem change in one region, such as montane deforestation,
damaged an ecosystem nearby. Without a systematic way of considering both the mountains
and the plains, little can be said in aggregate (Levin 1992). These types of complications led
MA participants to introduce a whole new approach into the assessment process. Several sci-
entists chose to “build up” from their own local field projects to the global scale. Adapting the
MA framework and working in teams, they expanded their analysis of local drivers and effects
to include these at the regional, national, and international level. Eventually eighteen ap-
proved and sixteen associated projects took this approach and contributed to the findings
(Capistrano et al. 2005).

5. Teams can better leap the conceptual and empirical gaps. 

While a single person may be aware of many paradigms, each individual knows and applies
only a few approaches. By working together, MA researchers could quickly identify different
patterns of thinking to help understand the essential dimensions of an issue. As a result, the
complementary and contradictory knowledge in the teams forged a much stronger basis for
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judging the most important linkages and identifying practical examples. Similarly, the con-
tinual discussion and, hence, reinforcement of different conceptual arguments and data in-
creased their perceived robustness of the conclusions. 

The positive MA experience suggests that the assessment of natural capital and its restora-
tion across scales requires shared team learning. Ecologists should undertake restoration
planning and management with scientists and practitioners from different backgrounds and
mindsets, on whom they can test their assumptions and arguments. The institutional setting
for restoration should include scientists, managers, economists, and others with varied expe-
riences, while interacting with landowners, planning agencies, economic stakeholders, envi-
ronmental interests, and community groups. This will often generate difficult but ultimately
usually productive discussions. The most important MA lesson is that restoration ecologists
should interact with other stakeholders, and view this as an opportunity to strengthen system-
atic understanding rather than as a necessary chore. This becomes even more pertinent
when assessing restoration across scales.

6. Working together across the natural and social sciences is difficult but essential. 

Though ecologists think differently about ecosystems and approach restoration with varying
experiences, they tend to speak the same way and share similar assumptions. This is often not
the case when they work with social scientists (Lélé and Norgaard 2005). Economists tend to
favor economic growth and seek economically efficient solutions (see chapter 4). Meanwhile,
other social scientists may worry about social equity, cultural opportunities, or governance sys-
tems. Indeed, social scientists may seem especially anxious that ecologists understand them,
but the reverse is also true. Both ecologists and social scientists come with their own vocabu-
laries. It is worth acknowledging early on that both sides have weaknesses and strengths, and it
is these that make working together essential but complicated. Nevertheless, it takes time to es-
tablish common ground, based on shared interests, approaches, and language.

7. Perspectives, policy issues, and players change along spatial and temporal scales. 

MA scientists discovered that the political and policy agendas shifted from local projects to
national or regional scales. New actors brought into the process at larger scales saw local proj-
ects on their own terms, in light of provincial or national politics. Regional and national pol-
itics have a life of their own rather than simply being the sum of local politics. It is important
to accept this as “natural,” rather than becoming frustrated and losing headway over the diffi-
culty of holding local policy perspectives at larger scales. Rather, shifting political priorities
and perspectives should be seen as another opportunity to see restoration through different
lenses. Restoration ecologists need to shift modes and present the restoration project as best
they can in the new policy context.

8. Economic approaches to the valuation of natural capital help frame discussions about
value.

Other chapters of this book discuss economic analysis in general (chapters 2, 3, and 4) and
market valuation of natural capital in particular (chapters 26 and 32). A few important les-
sons from the MA, however, are relevant. 

Over the past few decades, conservation biologists have worked with economists, deriving
economic values for species and ecosystem services to convince the public that these are
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valuable and deserve protection. Within the MA, many economists also worked on the policy
end of the process by identifying how changes in economic incentives and valuation could
improve ecosystem management and slow, or even reverse, degradation (Chopra et al. 2005).
Furthermore, the MA also demonstrated that not only could economists contribute to the
systematic understanding of the interaction of people and ecosystems, but they could be es-
sential for changing how people impact the environment (figure 5.1). In this role, economists
are at the beginning of the process, working with ecologists to sort out how economic institu-
tions and cultural differences affect drivers of ecosystem change, rather than at the policy
end, suggesting possible solutions after the damage has been done. 

The valuation of ecosystem services, and thereby the value of natural capital itself, turned
out to be problematic within the MA. One problem was that some values for ecosystem ser-
vices in poor countries, such as ecotourism, depended on rich nations continuing to be rich
and supplying ecotourists, and poor nations continuing to be poor and providing labor. Valu-
ations of ecosystem services were fairly rare, so there was much interest in the possibilities of
interpreting benefits from a particular study to other seemingly related situations. However,
“transferring” economic valuations from one site to another proved as difficult as transferring
the findings of ecological analyses, for many of the same reasons. These difficulties were ac-
centuated by the extreme differences between rich and poor countries or between very dif-
ferent cultures. Nevertheless, the MA experience suggests that valuations of ecosystem ser-
vices might best be used to frame discussions about value, rather than as the best way to assess
value (see also chapter 3).

Dependence of Ecological Services on Multiscale Buffering Systems 

The MA stimulated economists, sociologists, and ecologists to describe and analyze trends in
ecosystem services and project these into different future scenarios. It soon became evident
that we still cannot easily integrate and model the complex multiscale processes that produce
ecosystem services (Holling 2001; Mattison and Norris 2005). Nevertheless, the MA showed
the huge efficiency of any investments for improving the status and sustainability of ecosys-
tem services, while also revealing the significance of buffering systems for regulating ecolog-
ical processes at different scales (Lavelle et al. 2005).

Ecosystem services (e.g., flood prevention, climate regulation, or nutrient cycling) are de-
livered mostly at large scales, although they integrate complex processes at smaller scales. For
example, Belnap et al. (2005) describe how lichens, mosses, and algae on the soil surface, to-
gether with soil-dwelling organisms, influence rates of rainwater infiltration and the water-
holding capacity of the soil and thereby moderate water runoff from the soil surface. At a
larger, spatial scale, plants and vegetation patches retard runoff and increase infiltration. In
this way, organisms and processes at small and medium scales can control and buffer the rate
of water and sediment discharge to rivers, and reduce flooding and siltation at larger scales
and great distances from the rainfall event. Similarly, carbon storage in soils depends on a
suite of ecological processes crossing many scales (figure 5.2), from tiny microbial assem-
blages to the landscape level, and ultimately global geological and climatic factors (Lavelle et
al. 2004). Since scale is important for ecosystem function and, hence, human survival, resto-
ration should occur at all scales and ideally be coordinated so as not to overlook essential
links within the larger process. 
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Contribution

The assessment of natural capital and efforts to restore it cannot be considered at a single
scale. Rather, natural capital needs to be assessed and restored across scales. Ecology still has
difficulties in tackling processes that involve different scales and different categories of
processes. The many ecological models, interpretive frameworks, and ways of thinking about
ecosystems do not cohere within a metamodel, and any particular approach works better at a
particular scale or range of scales. The situation is similar in the social sciences. This means
that the assessment and restoration of natural capital requires researchers and practitioners to
jump between ways of understanding ecological and social systems. The process of jumping
will be greatly facilitated by an interdisciplinary team approach, to help assure the quality and
robustness of the arguments underlying the assessment and restoration of ecosystem
processes. 
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Figure 5.2. Self-organizing systems at different scales interact (almost like interlocking gears as indi-
cated in the figure) across scales to deliver soil ecosystem services at landscape scale (Lavelle et al.
2004). The delivery of ecosystem services results from the integration across scales of processes that
produce and regulate the service. See text for examples.
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Chapter 6

Assessing the Loss of Natural Capital: 
A Biodiversity Intactness Index 

Reinette Biggs and Robert J. Scholes

In the process of economic development, it is commonly observed that natural capital is par-
tially converted to manufactured capital. We examine this conversion in the context of South
Africa. If the decline in natural capital resulting from activities such as agriculture and min-
ing is balanced by an increase in other forms of societal capital, it may be argued that the de-
cline is simply a transformation of capital into a different form rather than a loss. Where the
decline in natural capital is not accompanied by an increase in other forms of capital, it rep-
resents a clear loss to society in the long term. Understanding the relationship between natu-
ral capital and other forms of societal capital can assist in identifying conditions where resto-
ration of natural capital is appropriate and required.

We suggest that a proxy for at least part of the natural capital decline in South Africa is
the change in the population sizes of various forms of wild organisms (biodiversity) relative
to the preindustrial period. These populations can be seen as an expression of natural capi-
tal since most ecosystem goods and services rely on specific organisms for their production,
and the size of the flow depends on their abundance. Scholes and Biggs (2005) developed
the Biodiversity Intactness Index (BII) to estimate changes in the mean population sizes of
wild organisms when subjected to different land uses. The BII is conceptually equivalent to
the Natural Capital Index (Ten Brink 2000) that has been applied in several European
countries. Based on BII it is estimated that by the year 2000 the overall population sizes of
plants and vertebrates in South Africa had declined by about 20% relative to their precolo-
nial levels, with much higher declines in certain groups, such as large mammals (Scholes
and Biggs 2005). 

The objectives of this chapter are to apply the BII to changes in land use in South Africa
between 1900 and 2000 to estimate the rate and pattern of loss of renewable natural capital.
There is no general estimate of the reduction in renewable natural capital in South Africa
from the time of European colonization in the seventeenth century to the present. We then
compare the BII changes to variations in gross domestic product (GDP) and fixed capital
stocks (FCS) over the same period to explore the relationship between natural and manufac-
tured capital. 

44
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Economic Development and Changes in Society’s Capital Assets
The wealth of a society can be thought of as the total worth of its capital assets. As defined in
chapter 1, a capital asset is any stock that yields a flow of goods or services (Costanza and Daly
1992; Arrow et al. 2003). In this chapter, we define three broad categories of capital stocks: nat-
ural, manufactured, and human. From a theoretical perspective, it may be argued that, pro-
vided a society’s capital stocks are properly valued and not declining, the flow of goods and ser-
vices that sustain society can be maintained (Arrow et al. 2003). If a society’s asset base is
liquidated, flows may increase in the short term but will inevitably decline in the long term. 

The valuation of natural and human capital has been attempted only in recent years (e.g.,
Costanza et al. 1997; Arrow et al. 2003). In contrast, the valuation of manufactured capital as-
sets, given by the FCS in a country’s national accounts, is relatively well advanced. GDP is a
measure of the flows from manufactured capital (e.g., the value of factory products) and at
least part of the flows from human capital (e.g., legal consultation fees, etc.) and natural cap-
ital (e.g., the value of timber extracted). While the GDP does not capture flows of all goods
and services, and in particular does not account for many significant ecosystem services such
as clean air and nutrient cycling, it is the best available integrative measure of the productiv-
ity of a society’s capital base. Given the difficulty in valuing total natural, human, and manu-
factured capital stocks, GDP is often used as an indicator of development and the well-being
of societies. Since GDP is a measure of flows rather than stocks, this can be misleading:
Short-term increases in GDP may stem from an increased capital base with increased flows,
or from the liquidation of capital stocks. 

It is commonly observed that elements of natural capital are converted to manufactured
capital during the process of economic development. Flows from natural capital tend to pre-
dominate initially as societies draw on their mineral wealth, forests, wildlife, and soil fertility
to generate products for consumption and trade. The resulting revenues may be converted
into human capital (through education and the development of institutions and services)
and manufactured capital (value-adding industries and the accumulation of financial assets),
which then begin to yield dividends of their own. In some cases, however, reinvestment of
flows from natural capital into other forms of capital does not take place. Society then derives
only short-term gains from the liquidation of the natural capital stocks and is ultimately left
poorer. This is arguably the case with oil extraction in parts of central Africa. 

Where investment in manufactured and human capital does occur, flows from these cap-
ital stocks may start to dominate in time. Once total wealth per capita rises substantially
above the level needed to satisfy basic needs, some of the society’s revenue is often reinvested
in natural capital through protection and restoration of natural resources. This is the basis of
the so-called inverse Environmental Kuznets Curve (Panayatou 1995), whereby some envi-
ronmental quality indicators initially decline but then improve again in wealthier societies.
In such cases, economic development can be thought of as taking a loan from natural capital
to diversify the economic base and then later repaying part of it. In this sense, restoration can
be seen as repayment of a loan.

Reconstructing Historical Changes in South Africa’s Natural Capital
We use changes in the Biodiversity Intactness Index as a proxy for changes in natural capital.
The method for calculating the BII is detailed in Scholes and Biggs (2005). Briefly, the BII
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measures the average change in population size of all plants and vertebrates, relative to the
premodern state, as a consequence of different land uses. The reference for our study is 
nominally the precolonial period. In practice, contemporary abundances in large protected
areas were used as a proxy for the precolonial state. Changes in population abundances rela-
tive to the precolonial period were estimated by a panel of sixteen experts for a range of land
uses of increasing intensity (table 6.1). Estimates were made for approximately ten functional
types (groups of species that respond similarly to human interference) per broad taxon
(plants, mammals, birds, reptiles, and amphibians) for each of the six major biomes (forest,
savanna, grassland, arid shrublands, fynbos, and wetland) in southern Africa. The estimates
were aggregated to the broad taxon level by weighting by the species richness of each func-
tional type. The BII is derived by weighting the relative population abundance estimates for
each taxon in each land use by the area affected and the number of species (richness) in the
taxon:
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where
Iijk is the population of taxon i, under land use activity k in ecosystem j, relative to a reference 
population in the same ecosystem type;
Rij is the richness (number of species) of taxon i in ecosystem j; and
Ajk is the area of land use k in ecosystem j.

The estimated fractions of South Africa in various biodiversity impact classes were calcu-
lated per decade (table 6.2). Fluctuations in BII over the twentieth century were assumed to
be only a function of changing land use, Ajk. Changes in the impacts of specific land uses on
particular functional groups (Iijk) and the potential species richness of different biomes (Rij)
were assumed to be negligible. 

Reconstructing Land Use Changes Over the Twentieth Century
The spatial pattern of land use in South Africa between 1900 and 2000 was reconstructed per
biome, at the magisterial district level. Data on the progression of cultivated area were ob-
tained from agricultural statistics collated at the magisterial district level by Biggs and  
Scholes (2002). Where a district spanned more than one biome, the area under cultivation in
each biome was allocated in proportion to the cultivated area in the 1995 Land Cover map of
South Africa (Fairbanks et al. 2000; figure 6.1). The change in afforested area over the twen-
tieth century was obtained in the same manner. The locations and dates of establishment for
designated protected areas in the International Union for the Conservation of Nature and Nat-
ural Resources (IUCN), categories I to V, were obtained from the World Database on Pro-
tected Areas (IUCN and UNEP 2003). The urban land area in each magisterial district was 
calculated from the 1995 Land Cover map and decreased in proportion to the change in the
percentage urban population in each province over the period. Land not in the protected, cul-
tivated, plantation, urban, or degraded categories was assigned to the moderate use class.

The area of degraded land was reconstructed by building a narrative of the major land
use–related changes and their causes, as well as their location and timing over the twentieth
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century. The formalization of land tenure restrictions, the increase in domestic livestock
numbers, and the occurrence of severe droughts and periods of economic depression were
the key considerations (Hoffman and Ashwell 2001). Based on the historical narrative, time-
courses for the development of degradation were derived for each of seventeen regions of the
country, with the extent of degradation in each decade expressed as a fraction of that in 1995
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table 6.1 

Land use classes and associated data sources informing the Biodiversity Intactness Index
Land use class Description Examples Data source

Protected Minimal recent human im- Large protected areas, World Database on 
(BII = 100%) pact on structure, composition, “wilderness” areas Protected Areas (IUCN 

or function of the ecosystem. and UNEP 2003). All 
Biotic populations inferred to designated protected 
be near their potential. areas of IUCN cate-

gories I–V

Moderate use Some extractive use of popula- Grassland and savanna All remaining areas not 
(BII = 93.3%) tions and associated distur- areas grazed within classified into one of 

bance, but not enough to their sustainable carry- the other five 
cause continuing or irreversi- ing capacity categories
ble declines in populations. 
Processes, communities, and 
populations largely intact.

Degraded High extractive use and wide- Areas subject to intense 1995 South African 
(BII = 56.7%) spread disturbance, typically grazing, harvesting, National Land Cover 

associated with large human hunting, or fishing; map
populations in rural areas. areas invaded by alien  
Productive capacity reduced vegetation
to approximately 60% of 
“natural” state.

Cultivated Land cover permanently re- Commercial and sub- 1995 South African 
(BII = 25.1%) placed by planted crops. Most sistence crop agriculture National Land Cover 

processes persist, but are signif- map 
icantly disrupted by plowing 
and harvesting activities. Re-
sidual biodiversity persists in 
the landscape, mainly in set-
asides and in strips between 
fields (matrix), assumed to 
constitute approximately 20% 
of class.

Plantation Land cover permanently re- Plantation forestry, typi- 1995 South African 
(BII = 27.2%) placed by timber plantations. cally pine and eucalyp- National Land Cover 

Matrix areas assumed to con- tus species map 
stitute approximately 25% 
of class.

Urban Land cover replaced by hard Dense urban and indus- 1995 South African 
(BII = 12.7%) surfaces such as roads and trial areas, mines and National Land Cover 

buildings. Dense populations quarries map 
of people. Most processes are 
highly modified. Matrix as-
sumed to constitute 10% of 
class.

Source: 1995 South African National Land Cover map (Fairbanks et al. 2000); mean BII in 2000 (Biggs et al. 2006).
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Figure 6.1. The distribution of land uses (ca. 2000) in the six categories used for the calculation of
Biodiversity Intactness Index (BII) (see table 6.1). The basic map is derived by lumping land-cover
classes in the South African National Land Cover map (Fairbanks et al. 2000) and combining these
with the protected areas of IUCN categories I to V from the World Database on Protected Areas
(IUCN and UNEP 2003).

table 6.2

Estimated percentages (%) of South Africa in six land use categories 
Year BII (%) Protected Moderate use Degraded Cultivated Urban Plantation

1900 90.65 0.00 95.94 0.41 3.37 0.26 0.02
1910 90.08 0.32 94.65 0.62 3.97 0.34 0.10
1920 89.71 0.32 94.02 0.85 4.29 0.37 0.16
1930 88.61 1.88 90.51 1.42 5.52 0.42 0.25
1940 87.57 2.70 87.87 2.06 6.56 0.50 0.31
1950 86.54 2.72 86.39 2.41 7.52 0.60 0.37
1960 83.91 2.79 82.80 2.68 10.37 0.67 0.69
1970 82.69 3.02 80.52 3.81 11.00 0.83 0.81
1980 82.41 4.03 78.76 4.26 11.14 0.87 0.94
1990 81.12 4.39 76.55 4.64 12.33 1.08 1.01
2000 80.35 5.30 74.76 4.95 12.23 1.29 1.47

Note: Total land area of the country is 1.2 million km2.
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in the particular region. These “degradation time sequences” were applied retrospectively to
the distribution of degraded land in the relevant regions as given by the 1995 South African
Land Cover map to derive the total degraded area in each decade. 

Confidence in the Historical Reconstruction
The level of uncertainty in the reconstruction of land use distribution over time determines
our confidence in the estimates of the BII over the twentieth century. We estimate that the to-
tal error in the estimate of BII resulting from the uncertainty in the areas under different land
uses is less than 2% absolute. 

The largest impact on BII results from cultivation, which constituted 12% of South Africa
in 2000, and has a mean impact score of 25% (i.e., a 75% reduction in biotic populations). By
2000, cultivation accounted for half the reduction in BII. The data on cultivated area (and
plantations) are the most reliable in the set, with an error of no more than 1% absolute,
which translates to a maximum absolute error of 0.7% in the BII score.

The second largest effect, accounting for a quarter of the reduction in BII, is due to mod-
erate but extensive uses such as sheep and cattle grazing. Although the mean impact is low
(93%), an extensive area is affected (75% of South Africa in 2000). Since the area under ex-
tensive “moderate use” is derived by difference (i.e., as the land surface not classified as pro-
tected, degraded, cultivated, plantation, or urban) (table 6.1), the uncertainty in the total
area classified as such depends on the accuracy with which the other major classes are
mapped. Of these classes, the cultivated and major protected areas have been well mapped.

The method used for mapping the development of urban areas was crude, but the total
area is small (1.3%), so even with a mean impact score of 13%, the potential error is limited
to less than a tenth of the observed BII reduction. The largest uncertainty is associated with
the “degraded” class, which occupied about 5% of South Africa in 2000 and results in nearly
a 50% reduction in wildlife population abundances where it occurs. Land degradation is re-
sponsible for about an eighth of the total biodiversity impact; if the uncertainty in the area
classified as degraded is +2% absolute, then the absolute error in BII is 0.9% from this source. 

The Conversion of Natural Capital into Manufactured Capital in South Africa

Taking the BII as a proxy for renewable natural capital, changes in BII, FCS, and GDP over
the twentieth century support the conceptual model of a partial conversion of natural into
manufactured capital during the economic development of South Africa (figure 6.2). 

From Natural to Manufactured Capital Dominance
Economic activity in South Africa during the first two centuries following European colo-
nization in the 1600s was based almost entirely on the use of renewable natural resources:
grazing, cultivation, hunting, and timber extraction. The total population grew slowly, and
the impact on the natural resource base was relatively limited spatially. Nevertheless, by
1900, the fertile valley soils of the Western Cape were mostly converted to crop agriculture,
the limited extent of indigenous tall forest around Knysna was approximately halved by un-
sustainable logging and fires, and the large herds of antelope that grazed the interior plateau
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had been decimated (Hoffman 1997). We suggest that the concentration of these impacts on
the highly plant diverse fynbos region and the lack of protection for indigenous mammal
species (Carruthers 1995; see also chapter 7) accounts for the average 10% reduction in the
populations of South Africa’s flora and fauna that had occurred by the start of the twentieth
century.

The discovery of diamonds in 1867, and gold in 1886 (Byrnes 1996), triggered the switch
to the dominance of manufactured capital in South Africa that took place over a period of
about a century. Mineral discoveries attracted European immigrants and African migrants
and led to a rapidly expanding urban population. This necessitated the establishment of
commercial agriculture and forest plantations to provide food and support timber for mining.
A growing tax base and the strengthening of government institutions, coupled with marked
technological advances in sanitation and medicine, led to a steady reduction in mortality
rates so that the total population grew rapidly throughout the twentieth century (SSA 2004).
The increased population, abetted by expanding markets and technologies, including newly
imported livestock breeds, farm mechanization, irrigation, new maize cultivars, and agricul-
tural chemicals, began to transform the landscape to an unprecedented degree and extent
(Hoffman 1997). Between 1920 and 1960, aided by government loans and subsidies, there
was an expansion in cultivation, particularly in the interior high altitude grassland region
(Biggs and Scholes 2002), and a corresponding decrease in BII.

Land conflict and political domination by the Europeans led to the African population 
being restricted to about an eighth of South Africa by the Land Acts of 1913 and 1936. 
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Figure 6.2. Changes in the Biodiversity Intactness Index (BII), total Fixed Capital Stock (FCS),
and Gross Domestic Product (GDP) of South Africa between 1900 and 2000. Data on total FCS and
GDP were obtained from the South African Reserve Bank. Data were not converted to U.S. dollars
due to the absence of well-operating financial markets in the early 1900s. For indicative purposes
only: 1 U.S. $ = R3.65 (mid-1995). 
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African urbanization was initially blocked by legislation, resulting in excessive pressure on 
natural resources in the designated “African homelands” (Biggs and Scholes 2006), where
population densities were five to ten times greater than those of climatically comparable rural
areas in the rest of South Africa (SSA 2004). The average household income was also sub-
stantially lower, and lack of capital for agricultural inputs coupled with the small landhold-
ings, insecure tenure, and restricted access to technology, advice, and markets led to deterio-
rating land productivity in many of these areas (Hoffman and Ashwell 2001). The greatest in-
crease in degradation since 1900 occurred during the 1960s (table 6.2), when thousands of
Africans were forced to settle in the homeland areas. Despite the end of apar theid, many of 
the homeland areas remain poor and heavily reliant on ecosystem products such as fuelwood
(see chapter 18). Land degradation was also an issue of significant concern in white-owned
commercial farming areas, notably during the 1930s, when widespread farming failures trig-
gered by droughts and economic depression led to substantial increases in the degraded area. 

Changes in BII and GDP During the Twentieth Century
We estimate that the BII declined from 90.7% to 80.3% in South Africa during the twentieth
century; that is, by 2000 an average reduction of 20% had occurred in the population abun-
dances of all indigenous plant and vertebrate species relative to precolonial levels. Over the
same period, the cultivated area increased by 110,000 km2 (from 3% to 12% of South Africa’s
territory), while degraded and protected lands each grew from very little to approximately
70,000 km2 (5% of the land area). The vast majority of South Africa (95% of the land area in
1900, 75% in 2000) is under moderate use, mainly for livestock ranching, and increasingly
for nature-based tourism. 

The pattern of decline in BII over the twentieth century at a relative rate of 0.12% per year
was unsteady and largely tracks the expansion of cultivated area. The major loss in BII oc-
curred during the 1950s (absolute decrease of 2.6%) coupled primarily to the 3.2% absolute
increase in the area under cultivation and afforestation (table 6.2). The 1970s, conversely,
saw the lowest BII decline of any decade since 1900. This period corresponded to the level-
ing off of the area under cultivation, as favorable agricultural locations became limited and
agricultural subsidies that encouraged the expansion of cultivation were withdrawn (Biggs
and Scholes 2002). The 1970s was also a good rainfall decade (Preston-Whyte and Tyson
1988), thus reducing the rate of land degradation. The slow but continuing BII decline dur-
ing the 1980s and 1990s was associated with marginal rises in the area under cultivation, as
well as increasing degradation resulting from two protracted droughts and sustained high
population pressure in many of the former homelands. 

Increasing GDP broadly parallels the growing population. Inflation-corrected GDP in-
creased seventeenfold over the twentieth century, with a growth rate of 4% per year and an av-
erage human population increase of 2.3% per year. The alternative livelihood opportunities
presented by the burgeoning economy (Byrnes 1996) encouraged the urbanization of nearly
80% of the European population by 1950 (SSA 2004), mainly employed in the manufactur-
ing and services sectors. The rapid growth in GDP between the mid-1940s and 1980 was 
derived mainly from these sectors, rather than from renewable natural capital, and reinvested
in FCS, in the form of infrastructure (figure 6.2). The reduction in GDP growth during 
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the 1980s and early 1990s were the result of severe droughts between 1981 and 1985 
(Preston-Whyte and Tyson 1988) and between 1990 and 1993, as well as large fluctuations in
the export price of gold (on which South Africa was heavily reliant) and rising security costs
and labor disputes associated with the long-term effects of political suppression (Byrnes
1996). The end of apartheid in 1994 and improved macroeconomic management brought a
return of foreign investment and rapid economic growth. By 2000, the majority of Africans
were also urban dwellers employed in the secondary and tertiary sectors, which accounted
for 90% of GDP (SARB 2004). 

Plotting BII versus GDP for each decade (figure 6.3) suggests an inverse exponential rela-
tionship between natural capital and total flows of goods and services. Initially, the decline in
BII per unit increase in GDP was rapid, as South Africa’s revenue was accrued mainly from
natural resources and particularly from the transformation of the landscape into agricultural
land uses. These dividends were reinvested in the establishment of the manufacturing and ser-
vice sectors, which in time began to yield dividends of their own. Further rises in GDP were
accrued less from natural capital stocks and increasingly from manufactured and human cap-
ital. Therefore, the growth of GDP became increasingly decoupled from the reduction in nat-
ural capital. Although FCS data are lacking prior to 1946, given the high linear correlation be-
tween GDP and FCS (r2 = 0.981, p < 0.001, n = 58), it is likely that a similar relationship holds
between natural and manufactured capital, as indexed by BII and FCS, respectively.
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Figure 6.3. The relationship between Biodiversity Intactness Index (BII) and Gross Domestic Prod-
uct (GDP) for South Africa. Data points are for the end of each decade between 1900 and 2000. The
equation of the fitted regression line is BII = 0.804 + 0.110 × 0.999994973GDP (r2 = 0.976, p < 0.001,
n = 10). This form was empirically selected and should not be extrapolated. 
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Contribution

Taking the Biodiversity Intactness Index (BII) as a proxy for renewable natural capital, and
fixed capital stock (FCS) and gross domestic product (GDP) as indices for manufactured
capital, the changes in South Africa during the twentieth century reflect a partial conversion
of natural into manufactured capital. Until the mid-twentieth century, the economy grew
mainly by drawing on natural capital stocks, particularly through mining and land conver-
sion to agriculture. From the 1950s, economic growth was increasingly based on the manu-
facturing and service sectors (SARB 2004), and the rate of BII reduction declined. The in-
commensurate units of the BII and GDP prevent us from directly quantifying the extent of
reinvestment, but our findings suggest that the dividends from natural capital were largely
reinvested in manufactured and social capital rather than liquidated. Our findings also sug-
gest that over time economic growth in South Africa has become increasingly decoupled
from a reduction in natural capital. 

The BII is not an indicator of restoration requirement; we apply it simply as a measure of
the remaining renewable natural capital. To establish a scientifically based restoration re-
quirement, the BII score has to be related to the provision of critical ecosystem services. In
practice, minimum requirements are likely to relate to populations of individual species or
functional groups responsible for the provision of key services, in addition or in place of a
minimum requirement on the overall BII score. In the absence of scientific knowledge about
the link between BII and critical ecosystem services, the target BII level or restoration re-
quirement is a political decision: it reflects the choices of society in terms of the desired bal-
ance between natural capital and other forms of societal wealth.

Using the historical perspective and current patterns to predict future trends, it is probable
that the BII in South Africa will continue to decline slowly over the next few decades. The de-
coupling mechanism described above, together with the current reinvestment of manufac-
tured capital into a rapidly expanding nature-based tourism sector, resulting in an increase in
privately managed protected areas and indigenous mammal populations (Scholes and Biggs
2004), could conceivably lead to a small increase in BII over the first decade of the twenty-
first century. However, this will probably be offset by other factors. While large areas of South
Africa are not amenable to extreme land transformation, being too steep, too infertile, too dry,
or too remote for intensive land uses such as cultivation or urbanization, they are vulnerable
to degradation in the form of tree clearing, overgrazing, or alien plant invasion. Preventing
the extensive areas (75% of South Africa’s land area) under “moderate use” from becoming
degraded has been identified as the principal challenge for biodiversity conservation in
southern Africa in the medium term (Scholes and Biggs 2005). In comparison, restoration of
currently degraded areas (which constitute 5% of South Africa’s land area) will play a minor,
albeit important, role in the conservation of natural capital in South Africa. 

In addition to the threats posed by land use change, and accounted for in the BII ap-
proach, three significant concerns remain for biodiversity protection in South Africa. The
first is climate change, which could potentially have a major effect on the region’s biodiver-
sity, particularly in the highly biodiverse fynbos and succulent karoo regions. Second, pollu-
tion resulting from increased industrialization and urbanization, especially in the form of ni-
trogen deposition on the land and acid drainage into rivers, could exceed the absorption
capacity of ecosystems. This would lead to significantly higher environmental impacts, with
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a larger footprint, than currently associated with urban regions in South Africa. Third, the in-
sidious effect of habitat fragmentation on population viability should be considered, particu-
larly in light of projected changes in climate.
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part i i  

Restoring Natural Capital: 
Experiences and Lessons

The first part of the book is concerned with definitions and concepts related to the restoration
of natural capital, which include a search toward a synergy among social and environmental
scientists, particularly ecological economists and restoration ecologists, for motivating, fund-
ing, and achieving activities that will restore natural capital. The second, central part builds
upon this theoretical foundation by using nineteen case studies from around the world to il-
lustrate challenges and achievements in (1) setting realistic, socially and ecologically appro-
priate targets, (2) refining approaches to funding and implementing restoration projects, and
(3) using restoration of natural capital as an opportunity for social and economic upliftment.

Setting targets for restoring natural capital necessitates a clear definition of the social and
ecological objectives of the proposed activities at scales that range from biomes and land-
scapes to those of populations and genes. Compromises may be essential for success because
conflicts in goal setting waste the limited resources available for restoration. Much restora-
tion takes place in utilized landscapes, so practical issues cannot be ignored. In many cases,
historical-reference ecosystems are incompatible with modern life or do not offer sufficient
benefits to be supported within rational, decision-making frameworks. Furthermore, they
may no longer be realistic given irreversible local or global changes in the recent past. The
envisaged flows from restored capital may range from the utilitarian to the aesthetic, from
clean water to sightings of rare animals, but unless they contribute to the range of physical,
cultural, and psychological factors that define human well-being, they are unlikely to be
 supported. 

Case studies dealing with approaches to restoration make it clear that local support for res-
toration activities is as, if not more, important in achieving the sustained restoration of natu-
ral capital than is the technical design of the restoration intervention. Buy-in and participa-
tion of stakeholders is essential for success, particularly in cases where relatively few
individuals pay in some direct way for restoration of services that benefit a wider public. Res-
toration of natural capital for future generations, or for national- or global-level benefits, may
have costs for local land users who may lose access to certain resources. Such costs need to be
recognized and local support encouraged through ensuring that those negatively affected in
the short term can participate in goal setting and are compensated though incentives and
processes that are tangible and immediate (economy as if nature matters).
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The final group of case study chapters deals with social and economic opportunities pre-
sented by the process and outcomes of restoring natural capital. Ideally, restoration of natural
capital should generate new lifestyles, livelihoods, and even employment opportunities
(ecology as if people matter). Some inspiring case histories range from the social and ecolog-
ical benefits provided by environmentally certified products to training and job creating
through national-scale clearing of invasive, alien vegetation. Challenges to overcome in-
clude achieving buy-in at personal, corporate, and national levels; accessing funding; and
adaptive management of long-term projects. The case studies highlight roles of individual en-
trepreneurs, nongovernmental organizations, government institutions, and collaborative ini-
tiatives in bringing about restoration initiatives, and the advantages of making them finan-
cially viable. 

Local initiatives to restore natural capital tend to be disconnected—differing as they do in
focus, from trees with medicinal bark to clean water, from employment opportunities to pride
in natural heritage. Still, they all raise awareness of harmful effects that people have on their
environment. By providing opportunities for stakeholders to participate mentally, physically,
and/or financially in restoration, they all contribute in some way to social, as well as to envi-
ronmental, restoration. In part 3, we formulate some strategies to promote the restoration of
natural capital on all levels based on these case studies; in part 4, we offer a synthesis of the
theoretical, applied, and policy issues in this book of relevance to the science, business, and
practice of restoring natural capital.
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Chapter 7

Setting Appropriate Restoration Targets 
for Changed Ecosystems in the Semiarid 

Karoo, South Africa

W. Richard J. Dean and Chris J. Roche

The restoration target is debatable in rangelands where westernization, commercialization,
and cultural changes have had major impacts on the landscape, vegetation, and fauna (the
natural capital), and where these changes are likely to persist. In this chapter we attempt to
answer this question by focusing on the semiarid South African Karoo, an area of 323,900
km2 in the western and central parts of the country.

When the European pioneer settlers moved into Karoo in the 1700s, the land they en-
countered was unlike anything in their experience (Christopher 1982). The land was dry and
the vegetation sparse, but nevertheless it supported a diversity of herbivorous and predatory
mammals and birds. Many of the large mammals were grazers (Skead 1980, 1987; Dean and
Milton 2003) suggesting that grasses were widespread; but according to the travelers’ records
(summarized in Hoffman and Cowling 1990a), of varying abundance. The natural capital re-
sources of the Karoo were the drought-adapted and resilient rangelands, the nomadic fauna
(equids, antelope, ostrich) that moved with the unpredictable rain, and the dependable but
widely scattered, perennial water sources. All three components were needed to sustain
sparse populations of nomadic peoples and predators.

The present-day Karoo is very different in some ways to the land that the early settlers en-
countered. The region is still dry and the vegetation still sparse, but there have been major
changes. The indigenous nomadic peoples, the /Xam San hunter-gatherers and Khoi pas-
toralists, and their languages (Bleek and Lloyd 1911) are extinct. Fences now divide the land-
scape, and great herds of antelope no longer trek across the land; large predatory birds and
mammals have also disappeared (Skead 1980, 1987; Boshoff et al. 1983), and the vegetation
has changed (Tidmarsh 1948; Downing 1978; Hoffman and Ashwell 2001). We have a rela-
tively clear picture of why changes in large mammal diversity occurred. Since the ecology 
of large raptorial birds, including vultures, are inextricably linked to large mammals and
predator-prey interactions (Boshoff et al. 1983; Macdonald 1992), we can infer that their de-
mise in the Karoo is rooted in the loss of hunters and predators. 

More difficult questions are related to land use. Central to the debate is whether the rela-
tively heavy stocking rates that settlers imposed on the Karoo left a legacy of change that is ap-
parent in the state of the present vegetation of the region. There have been changes in the
amount of cover, and shifts in the dominant species of plants in parts of the Karoo (Acocks
1953; Downing 1978; Hoffman and Ashwell 2001; Dean and Milton 2003), so much so that
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many of the large herbivores that formerly occurred could no longer survive on farms of lim-
ited size without supplemental feeding. However, this remains largely untested, and anec-
dotal evidence suggests that in some cases replacing livestock with wild herbivores and re-
moving artificial water points can lead to improved plant cover and productivity (Mark
McAdam, Colesberg District, personal communication). 

There is no doubt that environmental changes in parts of South Africa have diminished
natural capital and quality of life (Milton et al. 2003). This is particularly evident in the Ka-
roo where natural capital has been eroded away over time by high rates of stocking with
sheep and other livestock (Dean and Macdonald 1994; Hoffman and Ashwell 2001). 

Undoubtedly the region is in need of restoration, but what should the targets of such ini-
tiatives be and how should they be reached? A historical understanding of what has hap-
pened is essential to guiding restoration. Here, we summarize changes in land use, briefly
touch on impacts on the rangelands, explain why restoration, sensu stricto, is not a practical
target for the Karoo, and suggest interventions to partially restore natural capital in Karoo
rangelands, incorporating human aspirations as well. 

Land Use History and Impacts on Rangelands

Colonization and development of the arid Karoo by European settlers ousted the indigenous
people, substituted domestic livestock for a diversity of wildlife, and completely changed
grazing and disturbance regimes. Here we discuss the processes of change during European
exploration and settlement of the Karoo.

The Early Years 
The rural economy in the early European settlement years in South Africa was almost en-
tirely based on rangelands and livestock (see chapter 6), with very little crop farming
(Christopher 1982). As European settlers advanced across the semiarid Karoo, they displaced
and exterminated indigenous peoples, for example, the /Xam San hunter-gatherers (Bleek
and Lloyd 1911) and the nomadic Khoi pastoralists. Indigenous large herbivores were exter-
minated or shot for food (Talbot 1961) to reduce competition with domestic livestock
(Acocks 1979). In general, the “hunting [of game] was used to clear land, reap income and
provide meat so that slaughter of domestic animals [for provisions] could be avoided”
(Beinart 2003). The drive to increase flocks of livestock was a primary reason for colonial ex-
pansion during the early period as trek boers (nomadic colonial graziers) engaged in grazing,
hunting, and trading expeditions with the Khoi in the interior (Guelke 1979). The ready mar-
kets for provisioning ships and at the newly developed diamond and gold mines (Talbot
1961), and the export market for wool (Beinart 2003), not only increased pressure on pas-
toralists to increase flock sizes, but also increased hunting pressure on wild ungulates. 

The early zoologists’ records (Skead 1980, 1987; Rookmaker 1989) and farm names
(Dean and Milton 2003) suggest that grazing and browsing wild herbivorous mammals, their
major predators, and various scavenging birds were widespread in South Africa during the
eighteenth and nineteenth centuries (figure 7.1). However, travelers’ records do not consis-
tently report large numbers of wild herbivorous mammals at the same places (Skead 1980,
1987), indicating that many of these species were not resident but nomadic within the Karoo,
moving with the seasons and rains.
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The formerly vast herds of large herbivores on which precolonial San hunter-gatherers de-
pended were replaced over the course of the nineteenth century with domesticated livestock.
The original successor was the Cape fat-tailed sheep, estimated to number approximately 1.5
million in the Cape Colony by 1806 (Beinart 2003), replaced in turn by wool-bearing sheep
(merinos) in the early 1800s (Talbot 1961). Wooled sheep doubled in numbers from around
5 million in 1855 to 10 million in 1875, and 12 million in 1891, and by 1920 the Cape
Colony was the world’s second biggest producer of wool (Beinart 2003). This position, ahead
of much larger and better-watered countries, indicates the heavy, indeed excessive, extent to
which it was stocked.

Regardless of whether or not these stock numbers were higher than those of the various
wild ungulate numbers that existed prior to European colonialism, the grazing regime was
changed and farming practices differed markedly from natural systems (Downing 1978).
These natural systems were mimicked to some extent by nomadism or transhumance, but as
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Figure 7.1. The distribution of two large herbivores, a large predator, and avian scavengers in South
Africa, according to early zoologists’ records (Rookmaker 1989). The distribution of red hartebeest
may include records of Lichtenstein’s hartebeest (Alcelaphus lichtensteinii) in extreme eastern South
Africa.

Red hartebeest (Alcelaphus buselaphus)
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the nineteenth century progressed, farming strategies changed. More formal systems of land
ownership combined with fencing and boreholes resulted in a more intensive utilization of
the land, which soon impacted natural systems that were adapted to sporadic periods of abun-
dance and utilization followed by comparative droughts and ensuing rest (Talbot 1961). 

The management of domestic livestock and rangelands by the early settlers was not based
on any prescribed grazing system, but was simply ad hoc (Talbot 1961), driven by demand
and supply—the undersupplied and ever ready market for both meat and wool drove up the
number of livestock on the land, and these numbers were set by a (usually) overestimated car-
rying capacity based on what could be carried in the higher rainfall years (Talbot 1961).
Other mismanagement practices had a marked impact on the rangelands—no fodder was re-
served for times of drought, and the usual practice was to keep livestock on the land in the
hope of rain, or during exceptionally dry spells to move livestock in search of water and graz-
ing. The early settlers perceived drought years as unusual, whereas the reality is that they are
equally as frequent as the wet years (Kokot 1948; Vogel 1994). Repeated overstocking of
drought-stricken pastures impoverished plant cover and reduced primary and secondary pro-
duction. This was exacerbated by changes in the ratio of grazers to browsers that affected the
plant species composition of rangelands, and the removal of game and predators affecting
ecological processes. This combination of anthropogenic effects on the arid ecosystem led to
early concerns that Karoo rangelands could not carry large numbers of livestock (Downing
1978). 

The Later Years
By the last decades of the nineteenth and beginning of the twentieth centuries, the herds of
wild herbivores in the Karoo had all but disappeared (Macdonald 1992), and dramatic
changes had occurred in stock farming practices, such as the introduction of fencing and the
development of deep drilling technology (Talbot 1961). Additionally, the rinderpest epi-
demic of the late 1800s and early 1900s (Stevenson-Hamilton 1957) and the end of a major
ecological process—the springbok (Antidorcas marsupialis) migrations or “treks” (Skinner
1993; Roche 2004) also wrought profound changes. While it is impossible to reconstruct the
exact nature of the natural system of the Karoo under wild ungulate populations, it is clear
that the phenomenon of springbok treks was a dominant feature of this natural system. An
understanding of this poorly known process may shed light on the historical “pulses” of en-
ergy and nutrients and reaction to them by indigenous animals of the Karoo (see Roche
2004). 

In the early part of the twentieth century there was an increase in the variety of domestic
livestock in the Karoo (Talbot 1961) and a rise in stocking rates generally (Dean and Mac-
donald 1994). By 1930, the numbers of sheep in the Karoo had increased to nearly fifty mil-
lion (Talbot 1961). This grazing pressure, coupled with devastating droughts, led to wide-
spread degradation of rangelands (Hoffman and Ashwell 2001). The perception at this time
was that there had been changes in the amount and timing of rainfall (Wilcox 1977), but
careful investigations established that no such changes had taken place (Kokot 1948; Vogel
1988a, 1988b).

Recent studies suggest that there has been localized recovery of degraded rangelands
rather than further deterioration (Bond et al. 1994). Recovery of karroid rangelands, whether
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localized or not, will be slow and as often as not will need to move from one stable state to an-
other before any changes in the plant composition or cover take place (Milton et al. 1994).
Such localized recovery is also highly weather dependent and, without rest from grazing fol-
lowing rainfall adequate for seeding, is unlikely to happen.

Approaches to Restore the Karoo’s Natural Capital

Given that the natural capital of the Karoo is in need of restoration, should we aim at pre-
venting soil loss in eroded drainage systems to regenerate perennial springs, or should we fo-
cus on repairing rangelands? Should rangeland capital be restored to support large wild her-
bivores, or to provide the maximum sustainable yield for people living on the land
(Danckwerts and King 1984)? Which restoration targets are ecologically, economically, and
socially realistic for the Karoo? Pertinent to setting restoration objectives is a decrease in the
profitability of livestock ranching, which has led to diversification of rangeland use, includ-
ing game farming, nature tourism, and hunting (Barnes 2001; Khuzwayo 2002; Goodman et
al. 2002).

The Ideal of Natural Capital Restoration 
Given the extremely large land sizes required to be able to revitalize ecological processes to
some degree in the Karoo, it is clear that any landscape-level restoration plan would need to
be the result of cooperation between the state, community, and private landowners and that
multiple land uses would need to be entertained to ensure both profitability and sustainabil-
ity. Lessons from international experiences in formulating approaches for restoration of natu-
ral capital, such as the proposed Buffalo Commons scheme for America’s Great Plains (Pop-
per and Popper 1987), can also be applied in a useful way. 

However, the almost irreversible losses of processes such as large mammal–large 
predator–large scavenger relationships and disrupted water flow and flooding regimes
(Acocks 1964) make restoration in the strict sense almost impossible. The most practical goal
may be to aim at restoration of natural capital compatible with modern land use patterns, al-
though restoration of some ecological processes may be entirely possible. First, it is essential
to prevent further degradation of Karoo rangeland due to overgrazing, and to develop new
initiatives for using the land profitably and in an environmentally sensitive way (Milton et al.
2003). Perverse incentives for landowners to plough or develop untransformed land (Botha
2001) have been created by the 2003 Property Rates Bill that obliges landowners to pay taxes
on “unproductive land” (land not used to generate livelihoods) in South Africa. 

Although in some parts of the Karoo, notably the broad transition zone of mixed shrubs
and grasses in the eastern parts of the region that have become less grassy and more shrubby,
attempts to rehabilitate these areas to their former grassiness may be fruitless (Bond et al.
1994). Similarly, attempts to rehabilitate vast areas of shrublands that have lost a large pro-
portion of palatable plants are not practical due to the magnitude of the problem and the
huge imbalance between cost and benefits. However, modified land use may be both practi-
cal and appropriate and can help open up opportunities for rehabilitation in the future. Mod-
ified land use options may include sustainable use areas, where there is off-take of secondary
production mostly exported away from the area (i.e., pastoral farming for meat or wool 
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production, including “game farming”), or protected areas, managed for conservation and
tourism and from which domestic livestock are excluded.

Sustainable Use Areas 
• Conservation farming: This aims to maintain the balance between utilization and con-

servation of farm-based resources (Donaldson 2002) to secure flows of ecosystem goods
and services that are linked to biodiversity. General impressions and opinions not sup-
ported in the main by hard data are that as a result of conservation farming there has
been an improvement in rangelands indicated by increased cover of usable forage
plants (Donaldson 2002). Conservation farming requires little additional cost, and
most important, draws the attention of the land user to key elements in the ecosystem
and its processes.

• Conservancies: Recent conservation initiatives in the Karoo include consortiums of
farms that are generally privately owned, but strongly linked to local nature conserva-
tion agencies. Conservancies are currently the most successful option for resident
landowners that are affected by common resource issues (Botha 2001). Under the con-
stitution of the conservancy, member farm owners pledge to protect natural resources
as far as possible, while they continue to utilize rangelands. Conservancy landowners
encourage research on ecological aspects of the conservancy and usually undertake to
protect wildlife by controlling numbers of dogs and outlawing the use of traps and
snares for hunting or poisoned carcasses for killing problem animals. 

• Game farming: Farms that promote ecotourism and hunting have replaced traditional
stock farming in many parts of southern Africa, often proving more profitable than
stock farming in arid and semiarid areas (Barnes et al. 1999). The effects of wild mam-
malian herbivores at moderate densities are generally considered to be less deleterious
to the shrubland vegetation of the Karoo than the effects of domestic livestock (Davies
et al. 1986; Davies and Skinner 1986). Patch-selective grazing by wild herbivores (Nov-
ellie and Bezuidenhout 1994) may be instrumental in creating vegetation mosaics that
benefit other animals, as has been suggested for certain mammals in Australia (Short
and Turner 1994). It is outside the scope of this chapter to discuss the finer details of
game farming except to note that poorly managed game farming can damage Karoo
rangeland, especially where high densities of animals are confined by fences and sup-
plied with water and supplementary nutrients throughout the year (Coetzee 2005). Ex-
pert opinion to evaluate habitat condition and advice on species and numbers of game
are fundamental in setting up a game farming operation (Boshoff et al. 2001; Coetzee
2005). 

Large Protected Areas
Given its size, the Karoo is remarkably poor in large protected areas (Siegfried 1989). The
loss of the wild herbivores may have had effects on ecological processes that go far beyond the
documented changes in the large raptor assemblages (Boshoff et al. 1983). Although these
processes cannot be restored in their entirety, the creation of protected areas, particularly
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large protected areas intact with ecological processes, such as nomadic movement of game
and patch selectiveness in grazing, should be important in rehabilitating some of the Karoo. 

Very large protected areas are probably not attainable, even in the arid Nama-Karoo, be-
cause of sociological and financial constraints. However, ecotourism, based as it is on natural
capital, could be a means of generating wealth in a sustainable way from areas that are rela-
tively undisturbed (Cowling 1993) and could be a vital part of any conservation initiative in
the Karoo. 

Foreign ecotourists are willing to pay high prices for viewing African landscapes with in-
digenous plants and animals (Barnes et al. 1999). South Africa offers the ecotourist excep-
tional plant and animal species richness, beautiful scenery, and a good transportation infra-
structure (Cowling 1993). But the ecotourism industry is largely dependent on unspoiled
nature and the opportunity to view large, spectacular African mammals, particularly preda-
tors (see, e.g., Lindsey 2003). Eroded, or heavily grazed, “desertified” rangelands with run-
down farm infrastructure do not fit the ecotourist ideal.

There is certainly a need to evaluate the ecological and economic effects of ecotourism in
comparison with stock farming in the Karoo (Cowling and Hilton-Taylor 1994). However,
land in national parks or used for ecotourism will generate a high income only if tourists are
concentrated in a relatively small area, so ecotourism is probably not a viable alternative to
stock farming throughout the entire Karoo. Furthermore, water use by large numbers of visi-
tors to national parks or other protected areas in arid zones is high, and water supplies in the
Karoo may not be constant enough to sustain large numbers of visitors. For this reason, eco-
tourism facilities in national parks or other protected areas in the arid zone should not be
overdeveloped but should instead have a limited staff and infrastructure and should cater to
the specialist ecotourist rather than the generalist. 

Contribution

In this chapter we have explained why whole, naturally functioning Karoo ecosystems cannot
be restored without vision and cooperation that extend across thousands of square kilometers.
Protected areas are probably the best option for restoration, but unless they are set up to ac-
commodate ecotourists, they are not financially viable. The cost of taking large areas out of
agricultural production is high, and is not a cost a private landowner or the country can af-
ford. At best, we can aim at restoring the natural rangeland capital to increase flows of sec-
ondary production in some areas through conservation farming, conservancies, and game
farming. Priority should therefore be given to limiting further degradation, developing the
restoration initiatives that are already in place, and developing long-term restoration and in-
tegrated development plans for the Karoo. In this respect, the Integrated Development Pro-
gram (IDP) (Coetzee et al. 2002), run by local authorities, could be an appropriate vehicle
for rehabilitation and restoration of degraded ecosystems at local scales.
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Chapter 8

Targeting Sustainable Options for Restoring
Natural Capital in Madagascar

Louise Holloway

Human well-being is wedded to ecosystem well-being, but we consistently attempt to divorce
ourselves from the controlling factors that operate on other species. Although there is in-
creasing evidence of the cumulative impacts and the unsustainability of many types of
 human–environmental interactions, it could be argued that the imperative to change our re-
lationships with natural capital differs according to the degree to which we recognize how our
well-being is bound to that of natural ecosystems. In Madagascar, the relationship is evident.

Much of the natural capital of Madagascar is its rain forests, rich in endemic plant and an-
imal species, and the fertile but fragile soils that the forest feeds and protects. Here, direct hu-
man dependence on the local ecosystem results in more immediate feedback than is the case
in many developed nations where people and markets draw upon natural capital from distant
ecosystems. In fact, people in the project area can be perceived as part of the stocks and flows
of the natural ecosystem. 

This chapter evaluates a small-scale project to connect rain-forest fragments, restore soil
fertility in food gardens, and raise awareness of natural capital dependence among local peo-
ple, giving them access to options. The aim of the project—initiated and led by the author,
with backing from the Wildlife Conservation Society—was to enhance the well-being of
both human and nonhuman components of a rain-forest ecosystem by three interrelated ap-
proaches to restoring natural capital: facilitating processes that slow down degradation, re-
pairing environmental damage, and generating ecologically sustainable cultivation systems. 

The following provides an analysis of the successes and shortcomings of the project up to
2002 and indicates approaches that could result in improving efforts to restore natural capital
in places like Madagascar. 

Restoring Natural Capital in Madagascar

Madagascar is widely regarded as a world conservation priority area due to high levels of en-
demism. Indeed, Ganzhorn et al. (1997) convey clearly Madagascar’s biodiversity value by
stating that “a hectare of forest lost in Madagascar has a greater negative impact on global
biodiversity than a hectare of forest lost virtually anywhere else on the planet.” 

Most of the 17.5 million inhabitants of Madagascar are directly dependent on flows from
natural capital; the national economy is largely (80%) based on agricultural production, with
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as much as 70% of the population practicing subsistence farming and remaining reliant upon
natural ecosystems for basic resources such as construction timber, fuelwood, and medicine.
As a source of revenue, tourism (mainly wildlife tourism) ranks third, after fisheries and
vanilla production (Carret and Loyer 2003). Hence, the quality and quantity of the natural
capital is of paramount importance to Malagasy peoples’ livelihoods. 

With natural habitat loss estimated at >90% (Lowry 1997), habitat fragmentation is also a
major driver of biodiversity decline. Small fragments preserve only a highly biased subset of
the original flora and fauna, with widespread, generalist species mostly surviving at the ex-
pense of more rare ones (Gascon et al. 1999). In fact, most of Madagascar’s forests are so frag-
mented that their long-term contribution to ecosystem functioning and species diversity is
questionable (Ganzhorn et al. 2001). In addition, Madagascar is considered to be one of the
world’s poorest countries by traditional economic measures (such as gross national product
[GNP] and gross domestic product [GDP]) and scores “poor” on both the Human Wellbeing
Index (HWI) and the Wellbeing Index (WI) (Prescott-Allen 2001). Human–environmental
interactions may be considered responsible for the poor state of human and ecosystem well-
 being. Though people colonized the island only 1,500 to 2,000 years ago, they introduced
agronomic systems more suited to their Indonesian home environments. The intensity, fre-
quency, and spatial scale of human impact, unlike natural disturbances, rapidly surpassed the
self-repair mechanisms of the natural ecosystems. Biogeographic characteristics of Madagas-
car further impede repair processes since former rain-forest areas usually show arrested or de-
flected succession with low species diversity, dominated by nonnative plants (Gade 1996;
Holloway 2000). A complex of cultural, socioeconomic, and political factors, operating over
wide spatial and temporal scales, influences management. In particular, slash-and-burn,
rain-fed, hill rice cultivation (tavy) directly contributes to land degradation, with increasing
population pressure allowing insufficient fallow periods for soil fertility recovery (Conserva-
tion International 2004). Consequently, natural capital has been liquidated for low returns at
a high cost by impeding attempts to improve living standards and undermining ecosystem in-
tegrity. Restoration is urgently needed.

A Strategy for Improving Human and Environmental Well-being: 
The Masoala Corridors Restoration Project (MCR)

There exists a paradoxical relationship between people and forests in Madagascar. Although
forests are destroyed to provide fertile fields for rice cultivation, they also supply over 290
plant species used for foods, fuelwood, construction, and medicinal purposes. Even the envi-
ronmental services provided by intact forests, such as water supply regulation, are recognized
and valued, as eloquently captured by a Malagasy proverb: “Without the forest, there will be
no more water; without water, there will be no more rice.” Nevertheless, people perceive that
the solution to land shortage and degradation is to carry out further forest clearance. To
counter this paradox, a strategy has been developed that aims to improve ecosystem integrity
and human well-being through catalyzing ecosystem restoration. The major objectives are as
follows:

1. To raise community awareness of the unsustainability of their environmental impact
so as to induce behavioral changes
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2. To protect and reinforce linkages among forest fragments for facilitating natural mi-
gration in response to environmental changes

3. To reduce human pressure on forest resources and enhance livelihoods, by increasing
local self-reliance and resilience to environmental disturbances through integrating
sustainable gardens into land use patterns

4. To conduct field trials for improving the efficiency of ongoing forest restoration, while
monitoring the project outcomes to inform future restoration initiatives

5. To stimulate, if successful, widespread application of the approach and its integration
into national policy

Building Forest Corridors

This approach focuses on the rain-forest biome and restoring its connectivity, since fragmen-
tation threatens the viability of endangered species populations. Though Madagascan rain
forest has a poor capacity for self-repair after clearance and cultivation, in part due to a re-
liance on a few arboreal seed dispersers, the idea is to use the known ecological information
for catalyzing natural forest regeneration processes. Forest corridors were established by
planting local forest fruit trees, favored by frugivorous lemurs, in linked clusters between for-
est blocks. Lemurs, enticed by these species, will disperse seeds of other forest plants, via their
feces, subsequently catalyzing natural forest development in these corridors.

Restoring Degraded Cropland

In conjunction with developing forest corridors, land degraded by long-term cultivation is be-
ing rehabilitated, while measures are introduced to prevent further environmental damage
(Holloway 2003). One such approach has been to help local people establish permanent gar-
dens that emulate aspects of natural ecosystems in structure and function. These are based on
permaculture principles (Mollison 1988) and modeled on home gardens, as practiced for cen-
turies in many parts of the humid tropics, but adapted to the specific characteristics of Mada-
gascar’s eastern rain forest. Yielding a reliable and continuous supply of foods and other goods
for home consumption and for revenue, the gardens can be readily incorporated into local
land use patterns, especially on near-exhausted savoka (hill rice-fallow lands). Another system,
the savoka garden, involves the creation of an enhanced quality fallow area, which allows a
shorter rotation between successful rice planting and increased use through restoration of de-
graded lands. Indeed, a key attribute of savoka gardens is the elimination of degraded land,
thus reducing agricultural-driven deforestation. However, a prerequisite for establishing sus-
tainable livelihoods is the behavioral change that arises and is maintained from comprehend-
ing the essential link between human and ecosystem well-being. Therefore, the full engage-
ment of local stakeholders requires that they explore their cultural values in relation to their
interactions with the natural environment, within the context of sustainability. 

The combined development of natural forest corridors and rehabilitation of degraded
land to create diverse, sustainable cultivation systems enhance ecosystem and human well-
being. Key attributes of this approach include the following:

• Forest restoration and sustainable gardens are undertaken together.
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• Working with ecosystem processes as well as with species (e.g., planting fruit trees that
catalyze further regeneration by attracting seed dispersers).

• Simultaneously working at a range of spatial scales, from individual household needs
to ecosystem viability, increases efficiency and sustainability.

• Different temporal scales to achieve immediate as well as medium- and long-term ben-
efits (e.g., sustainable gardens can yield harvestable products within weeks, while
restoring soil and ecosystem processes over a longer timescale).

• Being widely accessible by employing low technology at low cost, and using local re-
sources and easily understood techniques.

• Being widely applicable but locally specific (e.g., by working with natural processes to
improve nutrient cycling, while selecting species determined by the local bioclimate
and human priorities).

• By catalyzing natural processes, this approach is efficient in terms of labor, resource,
and financial inputs. As the local people become a driving force in the reconstruction
process, this considerably aids the task of conservation and rural development orga -
nizations.

This approach was piloted in the Masoala Peninsula of northeastern Madagascar, which
holds many locally endemic taxa (Kremen 2003) and, according to information held by the
Missouri Botanical Garden (G. Schatz, personal communication), 50% of all Malagasy plant
species occur in this region. 

Masoala National Park  

Masoala National Park covers 210,000 hectares, including three tenuous corridors linking
the main forest blocks, upon which could depend the continued viability of many species.
Park delimitation in the 1990s sought to avoid inclusion of human settlements and legitimate
land claims in order to reduce potential conflict between conservation goals and local farm-
ers. Unfortunately this virtually fragmented the park into several small blocks, undermining
its value as the largest protected area of rain forest in Madagascar. As a result, the high
perimeter-to-area ratio presents a special challenge for conservation management. Although
opportunity costs to local stakeholders were inadvertently high because the delimited areas
reduced potential cultivatable land availability, the park boundaries at least preempted the
land shortage that would have eventually occurred through continued deforestation. Hence,
the Masoala Corridors Restoration Project (MCR) was designed to mitigate these costs by ad-
dressing the restoration of degraded land as well as the restoration of forest corridors. 

The initiation and evolution of the MCR should be understood within the context of its
financial and institutional structures, as well as other social, economic, political, and envi-
ronmental influences. 

Internal Influences on the Course of MCR: 
Institutional Roles and Relationships

From 1992 until 2000, Masoala National Park management was overseen by the Masoala In-
tegrated Conservation and Development Program (ICDP) comprising CARE International,
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the Wildlife Conservation Society (WCS), the National Parks Service (ANGAP), the Min-
istry of Water and Forests (MEF), and the Peregrine Fund. Within this institutional frame-
work, WCS took responsibility for resourcing, coordination, and administration of MCR,
which was initiated in 1997. In the context of Masoala, MCR was needed to maintain the in-
tegrity of the national park by providing ecological connectivity, as well as the potential for
keeping a link with the remaining forests of eastern Madagascar (figure 8.1) 
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Figure 8.1. Masoala National Park (outlined in white) forms part of the most extensive and continu-
ous remaining blocks of rain forest in Madagascar. Three tenuous corridors (highlighted with white
circles) help maintain habitat continuity within the park. Thousands of people live by subsistence
farming within the corridor zone (indicated by pale oval).
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The aim of the ICDP was to achieve specific conservation and development objectives
through a set of complementary activities conceived under the notional banner of sustain-
able development. WCS focused on park management, while CARE worked with human
communities; MCR provided the interface. In theory, helping integrate the activities of the
conservation and development agencies should have been advantageous, but instead MCR
was perceived as “falling between two stools” because it included aspects that fitted each
NGO’s mission but also went beyond into the mission of the other. Before Cyclone Hudah in
2000, the project’s more “development”-based activities overlapped projects run by CARE,
and after the cyclone CARE changed its focus to infrastructural reconstruction (e.g., build-
ing schools and similar projects). As a result, WCS extended its responsibility to incorporate
sustainable cultivation.

External Influences
Cyclone Hudah in April 2000 devastated much of the northern part of Masoala. Whole vil-
lages around the park were destroyed, and a section of the main restoration corridor, much
of the project nursery and conservationists’ homes, were swept away. Corridor-monitoring
data and training notes were lost. Moreover, it has been estimated that the populations of
seed-dispersing lemurs were reduced by as much as 50% (M. Hatchwell, personal com -
munication). 

In 2001, political conflict resulted in civil war following Madagascar’s presidential elec-
tion. As a result, MCR and virtually all park management activities ground to a halt because
staff remained unpaid for several months. In addition, a global economic slump in 2001 and
the events of 9/11 resulted in a cutback in WCS expenditure. Hence, potential MCR expan-
sion, geographically and in operational scope, subsequently faded. However, in 2001 a New
York charitable organization (that elected to remain anonymous) held a fund-raising event to
support Masoala National Park activities, and it was decided to allocate the funds to MCR.
The funds were channeled through CARE International in Madagascar who, in November
2002, collaborated with WCS and ANGAP in the sustainability awareness and livelihood as-
pects of the project. 

Outcomes and Evaluation

As of 2005, a number of crucial elements of the envisaged project have not been imple-
mented, including comprehensive monitoring of activities, due to inadequate financial and
staff resourcing. Therefore, only some of the results can be tied causally to the project.

Local Ecosystem Well-being
The ecological aspect of the project has been successful, though on a smaller scale than orig-
inally anticipated. There is now a healthy young forest comprising a wide range of local na-
tive trees growing in one of the corridors. Birds are nesting in planted trees and the impor-
tant, seed-dispersing, endangered red ruffed lemur (Varecia variegata rubra) traverses the
planted area (Leon and Rabesodika, MCR staff, personal communication, 2004). Thus, the
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second objective of creating forest corridors has been partially met, though the project is still
too young to evaluate its long-term success. 

The fourth objective cited earlier concerning restoration trials and monitoring has been
partly achieved with many useful outcomes. Trials revealed that germination and establish-
ment occurs outside the forest, and that seeds germinate there earlier and in larger numbers
than was previously suspected. In addition, seedling predation is lower, survival higher, and
growth faster in savoka than within the forest. For example, in four years, vintanona (Calo-
phyllum laxiflorum) reached a maximum height of only 64 cm inside the forest, yet 456 cm
outside. In fact, in savoka, seven of the sixteen species monitored attained average heights
over 3 m in four years, with some individuals reaching 6 m.

Local Human Well-being
In 2002, CARE and ANGAP agents held a weeklong “sustainability awareness” workshop
with the local communities. Villagers were actively engaged in understanding their role in
the ecosystem and how their potential environmental impacts could be reflected in the sus-
tainability of their own precarious livelihoods. Their response was very positive with requests
for technical assistance to create sustainable gardens and individual and group initiatives de-
veloped tree-based schemes on savokas for subsistence use. A dramatization based on the is-
sues explored during the workshop was filmed for dissemination to the wider local commu-
nity. Hence, the first objective of raising awareness about sustainability was met with many of
the workshop participants stimulated to start sustainable gardens and savoka gardens imme-
diately. Local stakeholders also voluntarily assisted with corridor tree planting, yet the project
is unlikely to have been beneficial to them in measurable terms as of 2005. Despite uncertain
outcomes, they proved receptive to ideas and willing to adapt through experimentation with
new systems. A joint WCS/ANGAP/CARE–staffed “Viable Livelihoods Advisory Team” was
established with the aim of supporting individual initiatives. This may have helped partially
meet the third objective of reducing human impact by providing sustainable livelihoods,
though this is too early to assess. Sadly, there has been little follow-through with this initia-
tive, due to both insufficient resourcing and the nature of the institutional framework.

Some Institutional Outcomes
From the WCS perspective, the outcomes justified allocating resources to the untested ap-
proach of MCR (M. Hatchwell, personal communication). Although MCR offered an op-
portunity for close collaboration between conservation and the rural development NGOs at
the outset, this in fact did not happen until funding was packaged in a way that necessitated
cooperation. This raises the issue of how to devise appropriate institutional frameworks to fa-
cilitate the inherently holistic process of restoring natural capital (chapter 18).

Financial shortfalls and insecurities faced by MCR, with little assurance of project con-
tinuation from one year to the next, paralleled other sectors of park management. These con-
tributed to some shortcomings in the meeting of MCR objectives. However, despite uncer-
tainties, the establishment of the park was highly worthwhile, and this also applies to MCR,
though further implementation is required. The final phase of Madagascar’s environmental
action plan (NEAP) is to develop sustainable biodiversity financing mechanisms by main-
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streaming the environment into economic management, which is hoped to benefit MCR in
the long term. 

Wider Outcomes
Dissemination of information about MCR has generated sufficient interest on the part of
other biodiversity conservation and development NGOs within Madagascar to integrate as-
pects of the MCR approach into regional plans (MCR objective 5). MCR is informing plan-
ning of the larger scale Andasibe-Mantadia Corridor Restoration project, which is integrating
into its project design carbon sequestration and storage, as both a cobenefit and a funding
mechanism (chapter 32). Finally, the MCR approach has been recognized by the scientific
community as having high value for biodiversity conservation (Ganzhorn et al. 2003; Kre-
men 2003). 

Issues Raised and Lessons Learned

MCR has illustrated that an integrated approach to the restoration of natural capital, involv-
ing prevention as well as cure, is highly appropriate in the socioecological context of the rain-
forest biome of Madagascar. MCR highlights three factors that also impinge on the restora-
tion of natural capital in general: appropriate institutional frameworks (acceptance of
responsibility), the continuity of enabling mechanisms, and the measurement of well-being. 

Responsibility
How to equitably share responsibility for restoring natural capital is unresolved, since tack-
ling the underlying causes of environmental degradation is essential if restoration is to be sus-
tainable. Identifying the causes of degradation at a site can be difficult. Inappropriate agri-
cultural practices in Madagascar are only proximate causes of degradation, driven by a
complex of cultural, socioeconomic, and political factors stemming from historical, current,
local, national, and international decisions, usually acting in synergy. Thus, responsibility for
environmental degradation in Madagascar lies with both the Malagasy people and the inter-
national community.

Benefits of projects such as MCR span a range of temporal, spatial, qualitative, and quan-
titative scales, affecting beneficiaries in an equally complex manner. Table 8.1 illustrates the
spatial and temporal distribution of some of the more obvious benefits of the project and
shows that protecting and restoring biodiverse ecosystems is a service to the global and na-
tional, as well as local, communities.

Equitable sharing of responsibility for the restoration of natural capital among beneficiar-
ies can be achieved by funding projects such as MCR through international agencies. Funds
should be perceived, not as subsidies, but as payments for services rendered.

Enabling Mechanisms for the Restoration of Natural Capital

Madagascar is a signatory of relevant global conventions such as the United Nations Con-
vention on Biological Diversity (UNCBD) and the United Nations Framework Convention
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on Climate Change (UNFCCC), which inform national policies such as those embodied in
NEAP. Such policies attract and direct donor support, though they are not sufficient yet to fa-
cilitate large-scale restoration. To achieve this, appropriate institutional frameworks, com-
bined with policymakers, donors, investors, and practitioners aware of the value of restora-
tion, are also required.

The Global Partnership in Forest Landscape Restoration (GPFLR), a partnership of orga-
nizations, governments, communities, and individuals, is a positive example of a move to-
ward coordinated restoration. By building upon existing structures, linking policy with prac-
tice, conservation with development, and recognizing the economic values of forests to
people, the aims can be achieved (e.g., chapter 20).

Measuring Well-being
Economic indicators such as GDP are not measures of general well-being nor of sustainabil-
ity. Until market mechanisms account internally for resource and environmental costs, the
market will continue to drive degradation of natural capital (e.g., see chapters 6 and 19). In-
dices inclusive of sustainability in its widest sense, such as the Wellbeing Index (WI), which
links human well-being with ecosystem well-being (Prescott-Allen 2001), may be a prerequi-
site for successful utilization of market-driven approaches to natural capital restoration. How-
ever, to accomplish this will require a paradigm shift in mainstream economic thinking. Al-
ternative indices of well-being are starting to find their way into national accounting at the
political level. If the restoration of natural capital project emphasizes the use of a variety of
indices (ISEW, HDI, WI) alongside GDP and gives appropriate comparative weighting to
the indices, the opportunity is there to ensure market uptake of restoration  values. 

A relevant, market-based development is that of land use carbon, because it recognizes
payment for environmental services. A recent concerted move to generate carbon projects
with strong environmental and social co-benefits presents a real opportunity to achieve sus-
tainable funding for restoration programs. An additional bonus of integrated projects is their
appeal to a wide range of investors, each perhaps interested in paying for different benefits
(CCBA 2004). Markets can also be strongly influenced by legislation. For instance, 15,000
companies have been presented with quotas on their greenhouse gas emissions by the Euro-
pean Union, prompting an upsurge of interest in land-based carbon activities (along with
technological emissions reduction measures) as a way of achieving their quotas within the
timescale demanded (http://europa.eu.int/comm/environment/climat/emission.htm).

Contribution

Most livelihoods in Masoala are derived directly from local natural capital. MCR demon-
strated that once people became aware of the link between their natural capital consumption
and the resulting environmental damage, they were willing to modify their behavior to im-
prove their well-being and that of local ecosystems. Hence, it appears that external resources
in the form of technical and material support are required to catalyze this process. This con-
trasts with developed countries that extract much of their natural capital from distant ecosys-
tems, while at societal and individual levels remaining largely unaffected by the negative ef-
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fects of consumption. As a result, awareness may be insufficient to catalyze changes in be-
havior toward sustainable use of natural capital. Recognizing this is important in the design
of restoration initiatives and for promoting sustainable use of natural capital globally.Interna-
tional agreements, institutional advocacy, and support from sectors of the international com-
munity, as well as from local people, have played a positive role in facilitating MCR. This re-
flects those who have engaged in and paid for MCR in a variety of ways, locally, nationally,
and internationally. All have benefited, along with native biodiversity.

The key to breaking the paradox of people’s relationship with rain forest in Masoala was
the inclusion in the project design of cultivation systems mimicking natural ones, based on
useful species. By emulating natural processes, people grew to understand them and to value
the forest and its biodiversity. This is a lesson transferable to Madagascar as a whole and per-
haps also to restoration projects in general.
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Chapter 9

Landscape Function as a Target for Restoring
Natural Capital in Semiarid Australia

David Tongway and John Ludwig

Restoring natural capital is a “big-picture” concept that integrates the conceptual frameworks
underlying both economics and ecology (see chapter 1). The objective of this chapter is to il-
lustrate a case of restoring natural capital in semiarid parts of Australia so that it produces a
landscape that is stable and retains water and nutrients that support economically productive
rangeland. In this way we try to integrate both economic and ecological principles, but cen-
tral to this effort is the restoration of landscape function. 

Restoring landscape function is intrinsically a complex, interactive, and long-term pro-
cess, requiring the participation of, for example, land managers, ecologists, economists, soci-
ologists, and engineers. Conceptual frameworks can build understanding and enhance com-
munication between participants working to solve complex problems (Low et al. 1999),
including the restoration of degraded land (Walker et al. 2002). One such framework, la-
beled trigger-transfer-reserve-pulse (TTRP), views landscapes as dynamic, interacting systems
in time and space (Ludwig and Tongway 2000) and has proven useful for addressing many
land management issues and environmental problems in Australia (e.g., Ludwig and Tong-
way 1997; Tongway et al. 1997; Tongway and Hindley 2003).

Only by considering landscapes within a temporal perspective can progress toward resto-
ration be monitored and hypotheses generated for what causes natural capital to be aug-
mented or lost. Here we present a reliable (well-tested) and robust (precise and repeatable by
different users) restoration assessment procedure called Landscape Function Analysis (LFA),
which has been used successfully to track recovery of landscape processes in damaged range-
lands and mining sites of Australia and elsewhere (Tongway and Hindley 2004).

Harvesting of Natural Capital

The capacity of a landscape to provide extractable natural capital in the form of goods and
services is an assessable property. However, the historic or current provision rate of goods and
services is not necessarily a reliable indicator of natural capital abundance or a guarantee of
sustained supply. For example, the wool extracted from Australia’s rangelands can be quanti-
fied in terms of bales produced; yet these data cannot be used to formulate long-term projec-
tions. This is because merino sheep wool grows only marginally less well even when pasture
is extremely limited, so that starvation occurs suddenly, interrupting wool production unpre-
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dictably (Freudenberger and Noble 1997). Hence, slow-moving variables, such as minor re-
ductions in wool growth, can act as indicators of sudden “flips” in ecosystem functioning;
they signify that major thresholds have been crossed, affecting a decline in landscape pro-
duction and function (Scheffer and Carpenter 2003). 

Manufactured capital is human made and subject to a set of rules to meet societal and
corporate needs. It may appear intuitively more easily understandable than natural capital
because of the human mindset responsible for its design and structure, as well as its linearity
and perceptible impact. Nevertheless, as the TTRP conceptual framework proposed here is
based on resource availability in space and time, it facilitates a close correspondence be-
tween manufactured and natural capital.  

Landscape Function 
Restoration of natural capital metaphorically expresses, in economic terms, landscape reha-
bilitation to a high level of biophysical functioning. However, it has a more restricted mean-
ing, as natural capital tends to be conceptually “the bottom line” in an accounting proce-
dure, whereas landscape functioning embraces the spatial and temporal dynamics leading to
natural capital accumulation. In effect, many interacting “currencies” in natural ecosystems
contribute to natural capital accumulation, which may be continuous, serial, and/or periodi-
cal, and involve both negative and synergistic effects. For example, soil sediments eroded
from rangelands may flow on to pollute and damage Australia’s Great Barrier Reef (Prosser et
al. 2001). Soil erosion demonstrates flow-on effects and synergistic interactions between
neighboring landscapes and may be perceived as negative or as a loss of natural capital.
These are easy to observe but difficult to measure. Simple indicators are needed to rapidly 
assess soil erosion and deliver this information to land managers for any required remedial
 action. 

Lavelle (1997) and Herrick and Whitford (1999) have summarized factors and processes
affecting the physical, chemical, and biological natural capital in soils at a range of scales.
They document the intimate, sequential interdependency of many organisms within the soil
and their respective roles in acquiring, utilizing, storing, and transforming natural capital. In
addition, Lavelle and Spain (2001) describe how different processes assume importance as
scale increases from clay particle size (10–6 m) to catchments (104 m), hence providing an in-
tegrated, qualitative articulation of the nested hierarchies of processes from within soils to
landscapes.

A Framework for Understanding Dynamic Natural Capital

The conceptual framework trigger-transfer-reserve-pulse (TTRP) describes how natural land-
scapes function over space and time to retain and use vital resources (Ludwig and Tongway
1997, 2000) or, in this context, what might be called the “economics of vital resources.” This
framework was originally developed to understand the interacting processes within a time
perspective relevant to Australia’s semiarid pastoral landscapes, which have low and highly
unpredictable rainfall. The TTRP framework and many of its underlying assumptions are
currently being evaluated in other semiarid landscapes globally (e.g., Wilcox et al. 2003;
Ludwig et al. 2005). 
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The TTRP framework specifically examines the processes by which physical and biologi-
cal resources may be acquired, used, cycled, and lost from a landscape (figure 9.1). A trigger
event, such as rainfall, initiates processes including runoff/run-on (1) where some water be-
comes stored in the soils of vegetation patches (the reserves). If soil water reserves are ade-
quate, a pulse of plant growth is initiated (2) accompanied by animal production and micro-
bial mineralization, all of which contribute to building biomass or natural capital. However,
other processes such as runoff and erosion (3) can cause loss of soil and water resources from
the landscape (i.e., negative natural capital flow). A feedback loop (5) represents a myriad of
largely biologically mediated processes that are the “engine-room” of natural capital acces-
sion, transformation, and cycling. These vital processes include seed-pool replenishment, or-
ganic matter processing, nitrogen fixation, soil carbon sequestration, soil macrofaunal and
microbial activities, and soil nutrient transformation (e.g., mineralization of organic nitrogen
to available forms: ammonium and nitrate ions). Furthermore, soil macrofaunal (e.g., earth-
worms, termites) activities create pores and galleries, resulting in higher levels of “soil health”
due to increased water infiltration and availability and root and microbial respiration. An ad-
ditional feedback loop (6) represents other biophysical processes, including how plant growth
pulses build denser vegetation patches, which in the next trigger event reduce runoff and en-
hance water infiltration and retention (Ludwig et al. 2005). Denser vegetation cover also pre-
vents physical crust formation (Moss and Watson 1991).

Natural capital can be assessed at any time by measuring the content in the Reserve and
Pulse boxes (figure 9.1). For example, the Reserve box could be examined for the size of its
soil, seed, or mineralizable nutrient pools, amount of water stored in the root zone, plant pop-
ulation size, or biomass of soil fauna. Concurrently, the biomass or size of the Pulse box, rep-
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Figure 9.1. The Trigger-Transfer-Reserve-Pulse framework. Numbered arrows represent processes
where a triggering event causes resources to be acquired, spatially transferred, transformed by biota,
and cycled or lost from the landscape (after Ludwig and Tongway 1997). 
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resented by plant and animal populations, can be determined to quantify natural capital. In
the TTRP framework the dynamics and efficiency of the processes shifting and transforming
the Reserve and Pulse box contents are more important than content sizes at any one time.

Landscape Function Analysis (LFA)

The TTRP framework has facilitated assessment and monitoring procedures that rapidly ex-
amine the status of the processes by which natural capital is acquired, used, and retained.
These procedures are encompassed within Landscape Function Analysis (LFA), which is de-
scribed in detail in a series of manuals (Tongway 1995; Tongway and Hindley 1995; Tongway
and Hindley 2004). Briefly, LFA collects data at two scales. At a broader scale, the locations
of patches and interpatches are mapped; patches tend to accumulate natural capital, whereas
interpatches tend to shed it. At a finer scale, nested within the patch and interpatch pattern,
eleven simple, rapidly collected, soil surface indicators are assessed that estimate the effec-
tiveness of a range of processes. These indicators are then combined into three general in-
dices reflecting the landscape’s surface stability, infiltration capacity, and nutrient-cycling po-
tential. In conjunction with other measures, such as vegetation patch structure, these three
landscape surface indicators are interpreted to assess whether natural capital is being lost,
maintained, or enhanced over time, as illustrated by a mine site rehabilitation example
(table 9.1). 

As LFA procedures focus on landscape processes and not on any particular form of soil,
vegetation, or biota, they can be implemented across a range of landscape types, uses, and
managements. For example, Tongway and Hindley (2003) applied and verified the method-
ology to nine mines in Australia and Indonesia, with landscapes varying from sandy deserts to
tropical rain forest, and in different geological settings from which were extracted gold,
nickel, bauxite, coal, uranium, and mineral sands. In addition, LFA procedures have been
widely used to assess landscape processes and attributes, reflecting natural capital across Aus-
tralia’s rangelands (Tongway and Smith 1989; Tongway et al. 1989; Tongway 1993; Ludwig
and Tongway 1995; Karfs 2002).
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table 9.1 

Indices of stability, infiltration, and nutrient cycling 
Rehabilitation period (years) Stability Index Infiltration Index Nutrient Cycling Index

Zero: freshly prepared, 
unseeded land 40.6 34.2 14.1

1 43.9   (2.1) 25.1   (1.7) 12.1   (0.9)
2 50.9   (4.2) 29.6   (1.5) 16.7   (2.6)
3 61.6   (2.6) 30.1   (1.3) 22.8   (2.2)
4 60.0   (4.9) 30.4   (4.7) 25.8   (5.3)
8 61.5   (4.1) 37.2   (2.4) 29.3   (2.9)
13 82.5   (1.2) 50.2   (4.1) 45.6   (5.2)
20 81.5   (1.4) 65.9   (2,5) 63.4   (2.5)
26 86.7   (0.9) 66.9   (2.0) 71.3   (4.2)
Reference site 75.5   (3.7) 48.4   (2.9) 44.3   (4.2)

Note: The scale, from 0 to 100, is derived from eleven measurements obtained using the Landscape Function Analysis (LFA) monitoring
procedure. All the indices increase over time, implying that landscape function is improving, as is the accession of natural capital. 
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Perspectives on the TTRP Framework

Prior to development of the TTRP framework, rangeland degradation was described mainly
in terms of vegetation composition and structure. Soil erosion status was reported in vague
terms and not connected to the vegetation assessment by an explicit framework. Processes
mediated by various biota were implicit in the monitoring information but not quantitatively
assessed. Hence, these descriptive and compositional assessments were unable per se to spec-
ify degradation levels or the means for designing successful rehabilitation. The TTRP frame-
work facilitates a much more “econometric” examination of landscape function, as it is based
on the availability and use of limited vital resources by biota in space and time. More re-
cently, the loss of native species and other issues of biodiversity have been included in the
definition of landscape function (Ludwig et al. 2004).

The TTRP framework is more directed to the processes by which natural capital is ac-
quired than its quantification. The former is perhaps of greater interest to ecologists, whereas
the latter is more the focus of economists, though within the framework, natural capital valu-
ation is entirely compatible across both disciplines. For example, the accession of “new” ex-
ogenous natural capital and the loss of existing natural capital are an integral part of the
framework, and as such it is well suited for use in a participative approach (e.g., adaptive
learning workshops) to better understand the issues of restoring natural capital. 

Knowledge of the multiple “currencies” in the ecological world (such as organic matter,
mineralizable nitrogen, soil-stored water, etc.) and the timescales and processes affecting
their interactions is still incomplete. Because of the need to deal with management issues
“today,” the TTRP framework is an inclusive concept, which while explicitly acknowledg-
ing ecological complexity, measures only net outcomes of intimate interactions, rather than
waiting for a complete knowledge. Nevertheless, the temporal and spatial sequence of
processes represented in the framework has been observed to be appropriate for assessing
ecosystem functioning across a range of landscape types and management systems at differ-
ent scales (Ludwig et al. 1999, 2000, 2002; Ludwig and Tongway 2002; Tongway and Hind-
ley 2003).

A Continuum of Landscape Functionality
The TTRP framework recognizes a continuum of functionality in every landscape, ranging
from highly functional to highly dysfunctional (figure 9.2). Highly functional, semiarid
woodlands have been shown to possess high levels of natural capital, in terms of topsoil re-
tention, nutrient pool size and cycling, and aboveground biomass (Tongway and Ludwig
1990; Ludwig and Tongway 1995). Moreover, in TTRP terms, landscape analysis indicates
that the biophysical mechanisms for natural capital retention are active: mobile resources
flowing off bare slopes are effectively captured in grassy and woody vegetation patches (figure
9.2a), while the biological feedbacks from Pulse to Reserve and Pulse to Transfer are both
complex and efficient. This also indicates that functional biodiversity is high and structurally
complex (Ludwig et al. 2004; McIntyre and Tongway 2005). 

Conversely, a dysfunctional landscape has fewer surface obstructions (figure 9.2b), result-
ing in a lower capacity to intercept and retain resource inputs such as water, soil, and seeds in
runoff. Thus, stored natural capital is at a greater risk of being rapidly transported from the lo-
cal landscape, such as rangeland hill slopes. Depletion of natural capital to low levels may
transform the landscape system into a different state (Gunderson and Holling 2002).
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Responses to Stress and Disturbance
The functionality of landscapes can differ in terms of their response to stress and disturbance
(Tongway and Ludwig 2002). For example, robust landscapes are able to maintain a high de-
livery rate of goods and services as stress and disturbance increase (figure 9.3a), although they
will eventually drop to a lower capacity. In contrast, fragile landscapes rapidly lose function-
ality (figure 9.3b), that is, they rapidly lose accumulated vital resources and the capacity to ac-
quire fresh resources, and hence the capacity to deliver goods and services. The resilience of
the landscape will determine its response, for example, to human-driven disturbance with a
rapid fall in functionality being viewed as a critical threshold (Tongway and Ludwig 2002).
Above this threshold, natural capital storage and accumulation processes are sufficiently ef-
fective for a self-sustaining landscape. Below this threshold (figure 9.3c), stored capital is too
low and the processes for retention are ineffective (i.e., the landscape is dysfunctional). Cer-
tain goods and services may still be extracted from dysfunctional landscapes, but their conti-
nuity in space and time is liable to disruption.

In nature, there are typically parallel subsystems leading to similar outcomes. This struc-
tural complexity is sometimes called redundancy (Walker 1992). Indeed, nature is typically
endowed with multiple pathways and processes to achieve similar ends or outputs, depending
on which mechanism is more active at a particular time. It is this complexity that confers a
landscape-buffering capacity to oppose stress and disturbance and that restores the system af-
ter a natural or induced perturbation.

Trajectories of Natural Capital Restoration

There are four principal questions when restoring natural capital:

1. Is natural capital accumulating?
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Figure 9.2. A continuum of landscape functionality in the semiarid woodlands of eastern Australia
from (a) highly functional, where natural capital is acquired and stored (soil enrichment in patches of
grass and trees), to (b) totally dysfunctional, where natural capital is lost (through death of plants, soil
erosion).
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2. If so, at what rate? 
3. Is the level of accumulation sufficient for self-sustainability of the rehabilitating land-

scape?
4. Have the mechanisms for natural capital accumulation become sufficiently complex

to confer buffering capacity on the landscape, enabling it to survive stress and distur-
bance?

In our work on thirty-five mine sites across Australia (Tongway et al. 1997; Tongway and
Hindley 2003), three main types of rehabilitation trajectories were observed (figure 9.4),
which indicate how landscape functionality changes over time. Trajectory A represents the
accumulation of natural capital and landscape function, so that after a reasonable time, the
landscape passes through a conceptual, critical threshold for self-sustainability, and at
longer timescales continues to improve. Trajectory B illustrates a slowly responding treat-
ment, where, although there is a detectable increase in landscape function, the rate is so
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Figure 9.3. The response of landscape functionality to stress and disturbance for (a) robust and (b)
fragile landscapes. The landscape functionality axes could also be labeled as low to high natural 
capital. 

ch09:IP_Aronson  5/14/07  10:10 AM  Page 82



slow that the critical threshold is not exceeded for many years. During this time, the reha-
bilitation may be subjected to severe perturbations such as fire, drought, or storms that
could threaten its success. At the extreme, trajectory C includes settings where site prepara-
tion and species selection are inappropriate, to the extent that disturbances result in no net
natural capital accumulation.
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Figure 9.4. Three trajectories of landscape functionality for rehabilitating mine sites toward that of
nearby reference sites: A = successful, B = moderately successful, and C = unsuccessful. The land-
scape functionality axis can be equated with restored natural capital. 

Figure 9.5. Four stages in landscape restoration as natural capital accumulates. 

Land use decision, landform, site preparation
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Contribution

Tongway et al. (1997) proposed a stepped pyramid for conceptualizing and assessing the re-
habilitation of mine sites (figure 9.5), in which recovery proceeds through four stages to a sta-
ble and fully functional landscape. Success particularly depends on applying ecological prin-
ciples in the initial landform design and site preparation stage. A complex landscape will
emerge that possesses a multiplicity of life-forms (biodiversity) and regulatory processes
(functional diversity). Such landscapes will be buffered against environmental and manage-
ment disturbances both by their accumulated natural capital and by the complex diversity of
the processes responsible for new natural capital accession.

In assessing the return of natural capital in terms of landscape functionality, it is impor-
tant to distinguish between those indicators of landscape health that are explicitly involved in
fundamental biophysical functioning and those that simply reflect reaction to change. The
key test would relate to their relative contribution to resource retention, use, and transforma-
tion. The Landscape Function Analysis approach can be used to track the health of a recov-
ering landscape and to demonstrate to the benefits of restoring natural capital. Such evi-
dence is important for achieving social acceptance of the rehabilitated landscape that is part
of the final evaluation of whether the restoration targets have been achieved. 
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Chapter 10

Genetic Integrity as a Target for Natural Capital
Restoration: Weighing the Costs and Benefits

Cathy Waters, Andrew G. Young, and Jim Crosthwaite

Introductions of plants and seeds may be essential for the restoration of natural capital in sites
damaged by mining or overexploitation (see, for example, chapters 8–14 and 20–23). The
goal of such reintroductions is to replenish stocks to improve and sustain the flows of ecosys-
tem goods and services, which could contribute to human benefits. However, there is con-
siderable debate about how to assess the risks that translocated plants and seeds may pose for
the ecological integrity and utility of reestablished plant populations. In this chapter, we use
Australian case studies to develop a decision framework that weighs up benefits of using local
versus other sources of plant genetic material, or natural capital, against the ecological risks
and economic costs. 

The native seed industry is expanding in response to increased demand for larger scale
revegetation in Australia (Waters et al. 1997), especially within the mining industry that uses
70%–80% of all the commercial native seeds collected (Mortlock 1999). While legislative re-
quirements for revegetation after mining vary between states, most aim to restore native com-
munities compatible with the surrounding ecosystem (Coates and van Leeuwen 1997). The
mining company and commercial wildland seed collectors usually collect seeds.  Almost two-
thirds of seed and seedlings are sourced from wildlands, a reliance that is likely to be main-
tained (Waters et al. 1997; Mortlock 1999; Mortlock 2000). 

Areas being revegetated by the mining industry are small compared to required native-
tree plantings to reduce salinity caused by forest clearance and land degradation, or in re-
sponse to the market for carbon sequestration. In low rainfall areas of Australia, new, woody,
perennial crops such as the Western Australian oil mallee industry (Eucalyptus spp.) are be-
ing successfully incorporated into agroforestry systems (Bartel 2001). However, this farm and
plantation forestry potentially poses a threat of genetic pollution to native forests, comprising
over eight hundred species of eucalypts endemic to Australia (Potts et al. 2003). 

Voluntary conservation groups, in particular Landcare, have upscaled Australian revege-
tation programs. Between 1996 and 2002, Landcare received a US$170 million federal in-
vestment through the Natural Heritage Trust Fund (NHT 2002). A key Natural Heritage
Trust activity has been reversing the decline in extent and quality of native vegetation, while
restoring habitat for threatened species. In Australia, it is estimated that by 2050 seventeen
million hectares of agricultural land, some 52,000 km of roads, and two hundred towns
could be affected by dryland salinity. Large-scale revegetation is required to reduce the

85

ch10:IP_Aronson  5/14/07  10:12 AM  Page 85



amount of groundwater recharge and to remove nutrients draining into rivers and streams
(CRC  2003). 

Restoration projects should lead to net environmental improvement and should not
cause persistent adverse environmental impacts on-site and within the surrounding land-
scape (chapter 1). These goals are usually thought to require local seed—a widely held per-
ception supported by funding bodies in Australia and elsewhere. For example, the Society for
Ecological Restoration (SER) suggests that “under normal circumstances, the reintroduction
of local ecotypes is sufficient to maintain genetic fitness” (2002). It is further assumed that, in
a world undergoing rapid climate change, reduction of genetic fitness may hasten losses of
species and the services they provide. The underlying assumptions are that local provenance
seed is (1) the best adapted, (2) has the highest genetic quality, and (3) will not contaminate
the resident population or lead to a loss in genetic diversity (Knapp and Rice 1994).

Here we present case studies from the Australian flora to demonstrate how these assump-
tions may be flawed. As an alternative to unquestioned use of local seed, we suggest use of a
risk assessment framework that applies natural capital concepts yet allows for concern, un-
certainty, and irreversibility considerations to be taken into account (O’Riordan and
Cameron 1994). 

Testing Assumptions Using Case Studies

Assumption 1: Local provenance seed is the best adapted, and nonlocal seed will result in
reduced fitness. 

This assumption appears logical where gene flow between populations is limited and a high
degree of adaptation can be expected. In these situations, ecotypes can occur within a species
holding a distinct set of morphological and/or physiological characteristics (Dunster and
Dunster 1996). However, as the scale of such variation remains largely unknown, describing
seed sources as “local” provides little useful information to the restorationist. 

There are about 1,300 native grass species in Australia, yet few have been studied in detail.
Ten common grass species of the semiarid rangelands showed morphological differences be-
tween populations that could be attributed to place of origin (Waters et al. 2003). One
species, Austrodanthonia caespitosa (wallaby grass), had five distinct site groupings; taller,
larger plants tended to come from cooler, higher rainfall areas, and smaller, shorter plants
from warmer, drier areas. Average growth rates of different populations of this species varied
with temperature and rainfall (Hodgkinson and Quinn 1976), and flowering was cued by
changes in day-length at southern, moister environments, but by rainfall in semiarid envi-
ronments (Hodgkinson and Quinn 1978). It is thus likely that the southern populations of A.
caespitosa would perform poorly when seeded into these semiarid environments. 

Conversely, in the widespread native grass Themeda australis (kangaroo grass), control of
flowering shows a broad range of adaptive responses (Evans and Knox 1969). Although the
appearance of the plants differs regionally, the germination ecology of T. australis was similar
over its climatic range (Groves et al. 1982). For some native grasses, the magnitude of varia-
tion is more difficult to recognize. For example, Microlaena stipoides (microlaena) cv Grif-
fith occurred originally in Canberra (southern Australia), yet reintroduced populations grow
well some eight hundred km north (Whalley and Jones 1995), suggesting a large adaptive
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range. However, populations of M. stipoides growing in a patch of Lolium perenne (perennial
rye grass) were found to be genetically distinct from M. stipoides obtained from a patch of Poa
pratensis (Kentucky bluegrass) in the same paddock (Magale-Macandog 1994), indicating
that microevolutionary differentiation has occurred. Both fine- (Waters et al. 2004) and large-
scale (Waters et al 2005) intraspecific variation has been observed for Austrodanthonia. Col-
lectively, these studies illustrate that different scales of ecotypic variation occur and that it can
be difficult to distinguish populations diverging as a result of genetic drift (variation due to
chance) or natural selection (adaptive variation). 

Assumption 2: Local provenance seed has the highest genetic quality.

Genetic constraints to plant performance, such as inbreeding, can compromise the genotype
fitness of local seed sources. The primary concern with inbreeding, and the associated de-
cline in genetic diversity, is reduced population viability. Inbreeding can negatively affect a
wide range of fitness traits ranging from seed weight to germination, growth characteristics,
and reproductive output (Fenster and Dudash 1994). Fitness loss is more marked when con-
ditions are harsh (Dudash 1990). Inbreeding depression is partly determined by life history,
so that obligate outcrossers are more affected than species with other breeding systems.

The issue of inbreeding influences revegetation and restoration when seed is sourced
from small or isolated populations in which the likelihood of self-pollination (selfing) is high.
Such situations are typical of most agricultural landscapes in southern Australia, where na-
tive vegetation is highly fragmented. Here, sourcing seed locally to maintain environmental
adaptation means obtaining seed from disturbed remnants, often several kilometers or more
from the next native bush sites. If inbreeding increases, the reduction in fitness and subse-
quent poor performance of the reestablished plants may outweigh any advantages gained
from using locally adapted genotypes. 

Where only small populations are available, the tradeoffs may be unbalanced, as in the
case of Swainsona recta, a small pea plant endemic to grassland and grassy woodland envi-
ronments in southeastern Australia. Its fate over the last hundred years has paralleled that of
its habitat, as grasslands have been reduced to about 0.5% of their original pre-European ex-
tent (Kirkpatrick et al. 1995). It is now known only in seventeen populations, ranging in size
from three hundred to four hundred plants. Recovery strategies are likely to rely on reestab-
lishment of new populations and augmentation of remaining small grassland fragments,
which will require seed sourcing for restoration plantings. However, this pea species varies in
appearance across its range, reflecting possible environmental adaptation and suggesting that
local sourcing may be wise. Unfortunately, this limits collection from fairly small, isolated
populations of fewer than two hundred plants. 

Analysis of the population size effect on inbreeding in S. recta showed that as population
size drops, inbreeding increases (Buza et al. 2000). Growth trials revealed that seed from
small populations had reduced fitness (including slow growth and low seedling survival)
compared with seed from large populations. For S. recta, it may be worth sacrificing some lo-
cal adaptation by sourcing seed from larger populations to avoid the deleterious effects of in-
breeding.

Assumption 3: The use of nonlocal seed will contaminate the resident population and lead
to loss in genetic diversity. 
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There is a perception that nonlocal seed sources may spread foreign genetic material to resi-
dent populations through cross-fertilization causing reduced progeny fitness. This may man-
ifest itself in either reduced reproductive performance in resident populations or reduced hy-
brid fitness in subsequent generations. However, there is limited evidence for this occurring,
and, in fact, importing new genetic material may be necessary if a small local population is to
remain viable. In particular, this can be the case where a remnant population, being used in
revegetation as a seed source, has little genetic variation for genes of major effects such as dis-
ease resistance or self-incompatibility. In large populations, with high genetic variation, self-
incompatibility systems (such as rejection of own pollen) limit inbreeding and the associated
negative effects. However, in small populations, this can cause significant reproductive limi-
tation. Thus, sourcing seed from a limited number of local populations could be a mistake if
these are small and contain little genetic diversity at the self-compatibility locus.

In the threatened grassland daisy Rutidosis leptorrhynchoides in southeastern Australia, lo-
cal populations with less than two hundred plants exhibit 20%–90% reductions in mate avail-
ability due to self-incompatibility and an associated decline in seed set (Young et al. 2000).
Sourcing seed from only one or two small local populations would not be advisable for genetic
variability, whereas broader seed collections from multiple populations will maximize possi-
ble mate availability. There is a limit though to this strategy, because within its geographical
range, this daisy varies genetically (Young and Murray 2000). Thus, a little mixing of nonlocal
gene pools would be beneficial, but sourcing from distant populations could be deleterious. 

These case studies illustrate that it is overly simplistic to suggest that seed sourced from
distant locations is “poorly adapted” and will “contaminate the local genetic material”
(Whisenant 1999), while reducing the vigor and competitive ability of the restoration species
(Knapp and Rice 1994). In Australia and elsewhere, species-specific studies and a synthesis of
this knowledge to understand the risks associated with revegetation, in particular genetic pol-
lution, are lacking. In the absence of such scientifically derived information, debating the rel-
ative merits of using local or exotic provenance material is of limited practical application to
the restoration practitioner. Moreover, application of the precautionary principle outside the
context of a risk framework will make restoration impracticable where there are insufficient
quantities of seed. 

Risk Assessment Framework for Seed Selection

While the choice of plant material is fundamental to any successful restoration program,
there is little guidance offered in the literature for land managers or restoration practitioners
to balance the desired seeding objectives with available genetic or economic resources. Al-
though Jones and Johnston (1998) describe an integrated approach that embeds genetic con-
cepts into a seeding recommendation, they fail to provide a practical framework that incor-
porates an assessment of the associated risks. 

We now examine the framework components of a general risk assessment for maintaining
genetic integrity within native plant restoration. A risk framework also highlights where further
research is needed before a particular revegetation proposal can proceed. In the risk frame-
work proposed (figure 10.1), seeding recommendations are based on consideration of seeding
objectives, known and unknown ecological adaptations, risks, and net economic benefits. 
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Seeding Objectives
The site potential and the desired landscape will influence the seeding objectives. We have
assumed that natural regeneration is not possible and that reseeding is required. 

Known Ecological Adaptations
Some prior knowledge of ecological adaptations or genetic variation can be used in the devel-
opment of the initial seeding strategy. For example, Themeda australis is one of Australia’s most
widespread grass species and known to vary across its range (Hayman 1960; Woodland 1964).
Inland populations are indifferent to day length in their flowering behavior, while flowering in
northern and southern populations is triggered by day length (Evans and Knox 1969). 

Unknown Ecological Adaptations and Genetic Variation
Past attempts to guide seed collection, when little information exists on the variability within
a species or its adaptive significance, have suggested that where a species remains common,
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Figure 10.1. Risk framework for making recommendations for native plant reseeding (adapted from
Jones and Johnston 1998).
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seed should be collected nearby (Knapp and Rice 1994; Mortlock 2000). Where a species no
longer occurs close to the revegetation site, collection should take place within a defined ra-
dius around the site (Millar and Libby 1989; Jones and Johnson 1998), which assumes that
genetic dissimilarity increases with distance. However, geographic distance per se appears to
be an unreliable indicator of genetic integrity, and collections should be supplemented from
sites of similar composition and/or physical attributes (Millar and Libby 1989). 

Risks in Maintaining Genetic Integrity 
The method suggested here for assessing the risks of genetic integrity loss also factors in the
potential economic benefits. Consideration of genetic integrity is based on (1) natural capital
benefits of revegetation, (2) condition of the seed collection site, (3) required seed collection
range, and (4) individual species characteristics. 

Determination of Natural Capital Benefits

These are based on enhancement of biodiversity and amelioration of environmental prob-
lems. In allocating one of the four benefit values (low, medium, high, very high), the restora-
tionist needs to consider the conservation significance of the restoration site, irreversibility is-
sues if wrong seeding choices are made, and potential impacts on surrounding ecosystems.

Determining the Condition of the Seed Collection Site 

This needs to be considered using a number of locations, landscapes, populations, and indi-
vidual plant attributes (table 10.1).
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table 10.1

Determination of the seed collection site value based on landscape and plant characteristics  
Collection Individual plant 
site value Site attributes Landscape attributes Population attributes attributes

High Soil characteristics High degree of High number of re- Disease free, healthy 
closely match the connectivity; productive individ- plants; high seed 
restoration site; climatic site char- uals; diverse age set
habitat quality high; acteristics closely structure; dense
minimal distur- match those of the 
bance; accessible restoration site

Medium Medium degree of 
connectivity 

Low Soil characteristics Low degree of con- Low number of re- Unhealthy, diseased 
grossly different to nectivity; climatic productive individ- plants; low seed set
the restoration site; site characteristics uals; limited varia-
habitat quality low; grossly different to tion in age struc-
high level of distur- those of the res- ture; sparse
bance; accessibility toration site
difficult
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Required Seed Collection Range

Assessment of the environmental benefits of the revegetation and the condition of the seed
collection site are then combined to determine the required collection range for native seed
(table 10.2). The collection range should be narrow where both the value of the seed collec-
tion and revegetation sites is high. Conversely, a regional seed collection might be accept-
able if the collection sites are of low quality and the selected restoration localities have low ge-
netic integrity. 

Individual Species Characteristics

These are important in determining an acceptable collection range (table 10.3). They are
not intended to provide prescriptive boundaries, rather that local knowledge should add de-
tail where appropriate. For example, pollination characteristics or flowering times may be
important where local fauna and flora have specific requirements. 

Determination of Risks

Risk scores can be derived from the combined assessment of the revegetation and collection
sites (table 10.2) and the assessment of species characteristics (table 10.3). Where the pre-
dicted collection range (table 10.2) matches the assessment of species characteristics (table
10.3), a risk score (range 0–1) can be obtained. An identical match will result in a score of 0,
a moderate match a value of 0.5, and a complete mismatch with a value of 1. 

Net Economic Benefits of Reseeding

Techniques for valuing ecosystem services that flow from natural capital are still in their in-
fancy, yet, as in ecology, the principles of economics can be applied in a context of uncer-
tainty and lack of information. Knowing what benefits and costs are relevant, having infor-
mation about specific costs associated with the reseeding, but limited quantification of
benefits, may be sufficient to make decisions. Here, a threshold test, which asks how high the
benefits would have to be in order to justify the costs of reseeding, would be appropriate.
Judgment can then be applied as to whether the benefits will exceed the costs.
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table 10.2

Determination of the required collection range for native plant seed 
Natural capital benefit of the restoration

Quality of the seed 
collection site Very high High Medium Low

High Narrow Narrow Intermediate Intermediate 
Medium Narrow Intermediate Intermediate Regional 
Low Intermediate Intermediate Regional Regional 

Note: Based on both expected natural capital benefits at the restoration site and the quality of the seed collection site. 
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The relevant categories of benefits and costs, which should also account for the goods and
services generated by natural capital, go beyond a traditional economic analysis (Clewell and
Rieger 1997). The natural capital lost is routinely ignored when native ecosystems are devel-
oped or managed to meet primary production expectations. These lost products can include
genetic material, timber, pasture, wildlife habitat, and recreation, while the associated
eroded services comprise maintenance of soil hydrology (e.g., combating salinity), prevent-
ing desertification, as well as storage of excess carbon dioxide. Restoration of these values can
help determine the viability of restoration efforts to planners and policymakers. The revege-
tation costs, to compensate the natural capital loss for low or moderate risk scores, can be de-
ducted from the development profits. 

Applying the Risk Framework 

If the risk score is high, then the restoration proposal should proceed only if it involves seed
from within the acceptable collection range and it can be justified on economic grounds.
Seed from outside the limit is unacceptable as it is likely to result in a loss of biodiversity as-
sets that are critical natural capital. Their loss may be irreversible or considerable uncertainty
could exist about the effects of introducing new genetic material (Ekins, Simon, et al. 2003).
In this case, the decision to protect the restoration site from possible genetic pollution or mal-
adapted seed sources is consistent with strong sustainability (chapter 2), and the onus is on
the restorationist to prove that using seed from outside the collection range is acceptable in
terms of the restoration project goals and risks to neighboring natural capital stocks. 

Where the risk is moderate, the net economic benefits need to be significant to use seed
from outside the acceptable collection range. For example, use of such seed should enhance
the restoration site without causing irreversible damage and biodiversity losses. Although
some loss in noncritical natural capital may occur, this should be compensated by the resto-
ration effort. If the risk is low (no loss in natural capital), revegetation can take place with
seed from any source, provided that this is soundly based on economic grounds.

In the proposed framework, the onus is placed on the restorationist to ensure that reseed-
ing will not damage critical natural capital. Development bonds are inadequate in these cir-
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table 10.3 

Determination of acceptable seed collection ranges based on species characteristics 
Acceptable 
collection Reproductive Morphological 
range Longevity system variation Genetic variation Species range 

Narrow Long Selfing High, unknown High, unknown Discrete
Long Selfing High, unknown High, unknown Discrete

Intermediate Long–medium Selfing or mixed Unknown Unknown Discrete or 
mating continuous 

Short–medium Selfing or mixed Unknown Unknown Discrete or 
mating continuous 

Regional Short Outcrossing Limited Limited Continuous 
Short Outcrossing Limited Limited Continuous 

Source: Adapted from Mortlock 2000.
Note: A narrow collection range reflects a high degree of required precaution; a low degree is required for regional collections. 
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cumstances, because the costs associated with loss of critical natural capital involve much
more than potential damage repair. Assurance bonds, as proposed by Costanza and Perrings
(1990), may be more relevant. Hence, the bond needs to be high enough to induce the
restorationist to undertake or commission the necessary research and development. Only
then will this give confidence that irreversible losses are unlikely and that reseeding can go
ahead without jeopardizing the bond.

Contribution

The decision-making tool presented here weighs the benefits of using local versus other
sources of plant genetic material against the ecological risks and economic costs. It considers
the environmental benefit of the revegetation activity, the condition of the seed collection
site, and individual species characteristics. Consideration of these factors can aid the deter-
mination of an appropriate collection range within which native seed can be “safely”
sourced, enabling the restorationist to modify seeding proposals to obtain the best outcome.
This decision-making process is for a single reseeding proposal, but it can be adapted for mul-
tiple potential revegetation projects, which should always compare risk scores, net economic
benefits, and other relevant decision criteria. 

A key feature of the risk framework is defining an acceptable collection range, compara-
ble to the concept of safe-minimum standard (Bishop 1978). The SMS rule allows decisions
in favor of development if the social protection costs were judged to be very high relative to
the costs for endangered species. A practical risk framework for guiding the assessment of the
genetic integrity of seed sources is imperative given the current and forecasted expansion of
efforts to restore natural capital in an increasingly human-dominated world.
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Chapter 11

Restoring and Maintaining Natural Capital in the
Pacific Northwest, USA

Andrew Carey

The Pacific Northwest is renowned for its magnificent forests, the biological diversity they
contain, and the Pacific salmon that breed in their streams. These forests supply essential
ecological services of cooling, clean air and water, flood amelioration, and waste assimilation
while offering recreational and spiritual opportunities. In the recent past, they provided im-
portant regional economic activity from timber, fish, and game, as well as related employ-
ment that supported rural communities. Overexploitation of these resources and consequent
reductions in environmental quality caused a precipitous diminution in economic activity.
Conflicts among stakeholders regarding access to the dwindling resource base became acri-
monious to the point of intractability for responsible public entities. With the intent of avoid-
ing impasse, the state of Washington and the federal government jointly issued a request to
develop a regional management plan that would restore lost biodiversity, recover threatened
species, provide a sustainable flow of wood products and ecological services, reinvigorate de-
clining industries and local communities, and thereby satisfy all stakeholders. In other words,
was there a way to restore and maintain the natural capital associated with forests? In re-
sponse to this request, a group of forest ecologists, myself included, and scientists from other
critical disciplines was assembled and commissioned as the Washington Forest Landscape
Management Project. 

Only the collective goals of sustainability and intergenerational equity seemed to bring all
stakeholders together around the concept that the forest landscapes would be restored and
thereafter managed to retain desirable levels of natural capital indefinitely for the benefit of
this and future generations. The project developed a novel approach that expanded the tradi-
tional bounds of forest management and incorporated multiple social, economic, and envi-
ronmental values (Carey, Lippke, et al. 1999). We called this approach Active Intentional
Management (AIM) for multiple values, a title that emphasized social dimensions such as
collaborative learning and management. As it turned out, the approach of AIM was really a
prototypical application of the concept of restoring natural capital, as described in this vol-
ume. In this chapter, the AIM approach and experience are described as exemplary of restor-
ing natural capital. 
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The AIM Approach

AIM addresses multiple spatial scales, including ecological reserves at regional and smaller
scales, riparian protection at landscape and smaller scales, and active management of forest
vegetation at both landscape and smaller scales (from hectares to square meters) (Carey,
Lippke, et al. 1999; Carey 2003). Vegetation management includes timber harvesting, seed-
ling planting, thinning to maintain biodiversity while obtaining wood products, long rota-
tion times between major felling, and other techniques to promote healthy, adaptive for-
ests (Carey 2003). The strategic approach of AIM invokes deliberate attempts to do the
 following:

1. Address multiple values, including wood, water, wildlife, and naturalness.
2. Incorporate multidisciplinary science in a systems approach to ecosystem and land-

scape management.
3. Involve people from various sections of the community in collaborative learning and

management.
4. Address issues of environmental, economic, and social sustainability in an equitable

manner. 

This approach is fully consistent with restoring natural capital with respect to the augmenta-
tion of flows of natural goods and services for use and benefit of all stakeholders and to an in-
crease in the social awareness of—and respect for—the importance of natural capital, as dis-
cussed in chapter 2. 

Consensus Building

Achieving consensus among stakeholders is essential for AIM, which can be attained only
with the assurance that management decisions reflect the breadth of current ecological, soci-
ological, and economic knowledge. Adoption of an AIM program by stakeholders requires
improvement in public awareness about ecosystems. Four propositions were developed in
this regard:

1. To change the public perception of an ecosystem and its development from that of
outward appearance of the vegetation to that of ecological processes and an apprecia-
tion of the biological complexity that contributes to an understanding of ecological
processes (Carey, Kershner, et al. 1999)

2. To develop an appreciation of the need for ecosystems to be resilient in the face of
ever-changing environmental conditions and for ecosystems to be adaptive and ever
evolving if they are to persist (Holling 2001) 

3. To develop an understanding of how local forest ecosystems are adapted for resilience 
4. To develop awareness regarding the processes of self-organization that lead to biocom-

plexity, adaptiveness, and stability in a dynamic sense. This awareness should be cou-
pled with an understanding that biocomplexity is fundamental to the capacity of an
ecosystem to satisfy diverse values and user requirements by modern pluralistic
 societies.
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Validation and Evaluation of AIM

AIM techniques were implemented on state and federal lands and proved instrumental in
giving stakeholders insights into these four propositions. This led to reconciliation among
stakeholders in collaborative management groups, who were formerly strongly in opposition.
In order to broaden this awareness and validate the importance of AIM as an effective man-
agement program for restoring natural capital, the following procedures were proposed:

1. Develop illustrative models that can be used to contrast management outcomes of the
AIM approach with (a) no management (or benign neglect), (b) conventional timber
management (the most convenient benchmark), (c) alternative ecosystem manage-
ment approaches (additional benchmarks), and (d) highly resilient, biologically di-
verse, natural forests (i.e., an old-growth baseline).

2. Simulate alternatives and compare results.
3. Conduct field experiments.
4. Evaluate results with third-party criteria, such as those presented in the SER Primer

(2002).
5. Allow independent analyses by other organizations that confirm the validity of 

modeling.

Develop Models
With respect to the first item, three illustrative models of Pacific Northwest forest ecology
were prepared. The first model concerns the role of birds as agents in the biological control
of insect pests, the second considers roles of soil fungi in ecosystem functioning, and the third
incorporates a “keystone complex,” or ecosystem framework, that includes Douglas-fir, spot-
ted owls, three squirrel species, and ectomycorrhizal fungi (see Carey, Lippke, et al. 1999;
Carey 2003).

Simulate Alternatives
Our group assembled an interagency, multiuniversity, multidisciplinary team to build com-
puter models that simulate potential landscape management alternatives for the Olympic
Peninsula, Washington (Carey, Lippke, et al. 1999). We were fortunate to have access to de-
tailed landscape data, including empirical growth and yield models for timber, timber prices,
market distances, costs of alternative methods of silviculture and harvest, and road construc-
tion expenditure. Additional information included quantitative descriptions of forests and
streams, published, expert-based, wildlife habitat–relationship tables, and data-based models
for selected wildlife populations and communities. After much debate, our team of experts se-
lected five standard criteria that could be quantified as measures of economic output to make
comparative evaluations of forest management alternatives. The selection of these criteria was
crucial if a compelling case for the AIM alternative was to be made. As it turned out, the crite-
ria provided a quantitative basis for assessing the value of natural capital for each alternative:

1. Ability of a forest ecosystem to support wide-ranging old-growth species, based on area
estimates of older, complex forests required to support one pair of spotted owls
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2. Capacity of a forest ecosystem to support vertebrate diversity based on published ac-
counts of the habitat requirements of 130 species, evaluated as the percentage of the
maximum possible

3. Forest-floor function, defined as the biotic integrity of the forest-floor, small-mammal
community, which represented the top of the forest-floor food web and part of the
prey base for weasels, foxes, coyotes, bobcats, owls, and hawks

4. Ecological productivity of a forest ecosystem, as indicated by the biomass (kg/ha) of
three squirrel species and as representing the system’s production of truffles, mush-
rooms, fleshy fruits, and tree seeds (consumed by squirrels) and the capacity to sup-
port their medium-sized predators (weasels, owls, and hawks)

5. Production of black-tailed deer and Roosevelt elk, taken to represent the system’s ca-
pacity to support large predators, such as wolves and mountain lions, as well as subsis-
tence hunting by indigenous peoples and sport hunting

The simulations showed that simply protecting second-growth forest (the benign neglect
option) caused the landscape to undergo successive stages of forest development (Carey,
Lippke, et al. 1999). Measures representing the five standard criteria yielded unsatisfactory
results in the first stages, which reflected degraded watershed conditions and oversimplified
forests. A much longer time (ca. two hundred years) would be required for these forests to
achieve biocomplexity, even with the assumption that this would happen without the inclu-
sion of legacies (some large, old trees, alive, dead, and fallen) and in an impoverished land-
scape. On the other hand, timber management with minimum constraints (the conventional
timber management option) produced a landscape inhospitable to >20 vertebrate species
and allowed no recovery of degraded streams. The sustainability of this landscape was uncer-
tain, but its net present value was maximal. Timber management with wide, no-entry ripar-
ian buffers, drawn to comply with federal guidelines, produced narrow, well-separated strips
of older forest in the long term, which were unlikely to function fully because of their con-
tinued adjacency to clear-cut and young forests. In fact, clear-cutting was intensified in
nearby uplands due to removal of streamside forest in accord with normal management prac-
tices. In contrast, a forest that received AIM produced significant ecological benefits, includ-
ing supporting a pair of spotted owls, maintaining the capacity to sustain vertebrate diversity,
achieving near-potential, forest-floor function and ecological productivity, while promoting
deer and elk numbers comparable to the timber management regime (table 11.1). Surpris-
ingly, costs of the AIM alternative were relatively low—only a 15% loss in net present value
compared to maximizing the net present value of timber extraction (table 11.2). 

Assuming increased riparian protection was mandatory (and it later became mandatory)
and eliminating costs of improved management of riparian and landslide-prone areas, AIM
caused only a 6% decrease in net present value whereas other economic values increased:
decadal revenues rose by 150%, forest-based employment quadrupled, and the wood prod-
ucts manufacturing sector diversified with greater reliance on high-quality wood products
and value-added manufacturing. The final landscape mosaic maintained >50% older, com-
plex forests and <15% in recently harvested areas in any decade, resulting in a landscape fully
permeable to dispersing old-forest species. Two recent analyses, one of state trust lands in
western Washington and one carried out by a timber investment organization, confirmed the
economic feasibility of AIM.
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Conduct Field Experiments
An experiment near Olympia, Washington, evaluated an essential AIM technique to induce
heterogeneity in secondary-growth forest canopies (creating a fine-scale mosaic) by variable-
density thinning to increase biocomplexity. In addition, the canopies of secondary-growth
forests were manipulated in two ways: the first employed a conventional, intensive forest
management practice that consisted of multiple thinnings to induce equal spacing between
trees of the same size and species, with defective trees removed. The second involved the re-
tention of legacies from the preceding old growth, followed by benign neglect, as described
further by Carey (2003).

Both conventional thinning and benign neglect–legacy management produced imbal-
anced small-mammal communities, with some species being low or absent that are common
in natural forests. Canopy mosaics, as prescribed by AIM, had immediate positive impacts on
forest-floor mammals. In particular, planting of shade-tolerant midstories apparently restored
the biotic integrity of the small-mammal community. Flying squirrels, a key species in the
ecology of Pacific Northwest forests, remained rare in the previously thinned stands, perhaps
due to dense understories promoting excessive chipmunk abundance. These dense under-
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table 11.1 

Measures of ecological performance and landscape health 
Ecological measure Timber (NPV) AIM

Habitat for spotted owls No Yes
Numbers of cervids (deer/elk) 423/134 401/200
Vertebrate diversity (% of maximum possible) 64 100
Forest-floor function (% of maximum possible) 12 100
Ecological productivity (% of maximum possible) 19 94
Landscape health (mean of the above %) 32 98

Source: Adapted from Carey, Lippke, et al. 1999.
Note: From the last 100 years of 300 years of simulated management of a 6,828-hectare forest area in
western Washington, USA, in the last 100 years using maximizing net present value (NPV) of timber
and active, intentional management (AIM) to produce ecological services and economic goods. Land-
scape health is defined as the mean of the capacity to support vertebrate diversity, forest-floor function,
and ecological productivity.  The last 100 years represents steady-state sustainable outputs; the first 100
years constituted a conversion to steady state.

table 11.2

Wood production and values 
Economic measure NPV AIM

Cumulative wood volume (106 m3/ha) 1.6 1.4
Tree quality (cm) 36.0 76.0
Net present value (106 $) 70.4 57.9
Decadal harvest (103 m3/ha) 50.0 48.7
Decadal revenues (106 $) 26.0 42.5

Source: Carey, Lippke, et al. 1999.
Note: Landscape management for maximizing net present value (NPV) and active, inten-
tional management (AIM) for multiple values for a 6,828-hectare landscape in western
Washington, USA. Decadal averages are for the last 200 years of a 300-year simulation.
Tree quality is defined as diameter at 1.5 m above ground at rotation age.
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stories apparently impeded foraging for truffles by flying squirrels. Decreased canopy con-
nectivity following equal-spaced thinnings may inhibit travel through the canopy, while large
foliage-free gaps between the shrub layer and canopy, in accord with AIM recommendations,
likely increased exposure of squirrels to predation.

Canopy mosaics also increased numbers of wintering birds. However, cavity-excavating
birds remained low in abundance, as is the norm in younger forests where decay in live and
standing dead conifers is rare compared to old forests. Nevertheless, it appears that promotion
of deciduous trees early in stand development can offset this deficiency by providing short-
lived trees that will decay from within and expedite cavity excavation. Consequently, atten-
tion should be paid to intentional management for decadent deciduous trees and conifer
trees (decay allows cavity excavation by birds) to stimulate the pest-controlling function of
these birds.

Conventional thinning produced species-rich understories, but these contained numer-
ous exotic plant species that were frequented by only a few highly abundant native bird
species. Legacy management with substantial regeneration of conifers and benign neglect
consistently produced depauperate understories. Induced canopy mosaics produced under
AIM techniques markedly increased diversity and the abundance of native species in both
conditions, yet they also encouraged numerous exotics, with some persisting for ten years. It
may not be possible to promote native diversity without fostering concomitant exotic diver-
sity. The exotics that persisted, however, did not occur in large enough numbers to displace
native species and may disappear with time. Importantly, canopy mosaics produced by AIM
techniques, and the associated spontaneous establishment of native species among under-
planted tree seedlings, are leading to increased spatial heterogeneity.

Healthy forest soils in the Pacific Northwest are dominated by fungi, rather than bacteria.
Near-surficial fungal mats in all experimental plots were apparently destroyed by mechanical
disturbance, which caused the replacement of originally occurring fungi (Hysterangium and
Gautieria) by another fungus (Melanogaster). Loss of mats that reduced fungal diversity is pu-
tatively important to soil fertility. In addition, Gautieria is a favored squirrel food. By creating
canopy mosaics through AIM, truffle diversity increased to a degree rivaling that in natural
old-growth forests. Although the negative impacts of experimental thinning on truffle pro-
duction (as opposed to diversity) was noticeable, it was of brief duration. Other observations
revealed an increase in mushroom diversity and abundance and a reduction of some uncom-
mon plant species in response to the development of dense understory. Hence, the retention
of both thinned and unthinned patches in mosaics would be advisable to conserve fungal
mats and rare plants.

In summary, inducing heterogeneity into homogeneous, closed canopies had positive ef-
fects on diverse biotic communities even in the short term (<5 years) in stands managed
with conventional thinning or solely legacy retention. Therefore, managerially induced 
disturbance at the proper scale and intensity can function much the same way as small- to
intermediate-scale natural disturbances in promoting biological diversity. Simulation and
experimental results both provide support for AIM. However, both used criteria that were
chosen by the modelers and scientists involved in the project, and the objectivity of the out-
comes needs independent verification to fully validate these apparent benefits of the AIM
approach.
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Validate Results with Third-Party Criteria
The results of AIM were evaluated for compliance with ten attributes of restored ecosystems
that were developed by the Science and Policy Working Group of the Society for Ecological
Restoration International (SER) and presented in the SER Primer (2002). Ecological restora-
tion of degraded ecosystems, as conceived in the Primer, is one way to assure the restoration
of natural capital, according to its definition  in chapter 1 of this volume.  Here we compare
AIM’s results with each of the SER attributes:

1. The ecosystem contains a characteristic assemblage of species that occurs in reference
ecosystems. Many second-growth forests lack the characteristic species and assem-
blages found in old-growth and other naturally complex forests (Carey, Kershner, 
et al. 1999; Carey, Lippke, et al. 1999; Carey 2003). However, it appears that the
AIM technique of inducing heterogeneity into homogeneous canopies also pro-
motes the establishment of a characteristic assemblage of species in the reference
ecosystem that consists of old-growth forests. Computer simulations suggest that 
AIM has the capacity to restore not only the presence of key species but also the
structure of biotic communities in forest ecosystems that have been degraded by 
past mismanagement.

2. The ecosystem consists of indigenous species to the greatest extent practicable. Experi-
ments suggest that AIM can promote native species diversity with minor additions of
exotic plant species, which commonly are generalists adapted to open sites and none
of which are expected to persist. These same exotic species colonize natural forests
as well.

3. All functional groups necessary for continued development and stability are repre-
sented. Experimental results suggest that AIM can maintain diverse functional
groups (including truffles, mushrooms, soil bacteria, soil nematodes, and litter
arthropods). In addition, restoration of small-mammal communities indicates that
the establishment of diverse, functional food webs, at least when variable-density
thinnings incorporate small patches of undisturbed soil to ensure the continued per-
sistence of certain rare plants and matt-forming fungi.

4. The physical environment is capable of sustaining reproducing populations of the
species necessary for continued stability or development along a desirable trajectory.
Simulations support AIM as a strategy to promote development of complex forests
that contain all keystone (species especially important to ecosystem functioning) and
flagship (species emblematic of an ecosystem type) species and keystone complexes
(Carey, Lippke, et al. 1999; Carey 2003). However, experiments and managerial im-
plementation of AIM have been in place for too short a time to evaluate population
viability, and this uncertainty emphasizes the need for continuing monitoring and, if
necessary, adaptive management.

5. The ecosystem functions normally for its ecological stage of development; signs of dys-
function are absent. The AIM experiment began with two historic conditions show-
ing marked signs of dysfunction, including root rot, lack of shade-tolerant regenera-
tion, absence of large-cavity trees, and low populations of cavity-excavating birds. In
addition, there were incomplete and imbalanced small-mammal communities, in-
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cluding low densities of arboreal rodents as well as either reduced plant-species di-
versity or high plant-species diversity with abundant exotic species. Much of this dys-
function has been ameliorated, within a remarkably short time, using a single AIM
technique.

6. The ecosystem is suitably integrated into a larger ecological landscape. A major com-
ponent of AIM is integrated landscape management; AIM integrates healthy forests
into natural-cultural mosaics (Carey, Lippke, et al. 1999).

7. Potential threats to the health and integrity of the ecosystem from the surrounding
landscape are reduced as much as possible. AIM strives to maintain sustainable natu-
ral-cultural mosaics.

8. The ecosystem is sufficiently resilient to endure normal periodic stress events. Two test
sites for AIM techniques have shown early resiliency to windstorms and ice storms,
which provide experimental evidence that AIM produces resiliency. In spite of these
early test results, additional observations will be needed over a longer period of time
to determine if AIM ecosystems can endure normal or unusual stress events. AIM
draws upon historical forest management, forest ecology, and disturbance ecology to
apply treatments promoting resiliency to normal periodic stresses and future “sur-
prises” (Holling 2001). 

9. The ecosystem is self-sufficient to the same degree as reference ecosystems—and it may
evolve. AIM restores to second-growth forests the biocomplexity characteristic of
long-lived, resilient, natural forests. In fact, modeling suggests that the endpoints for
AIM forest ecosystems should be relatively stable for long periods. The use of shift-
ing, steady-state mosaics maintained through “creative destruction” provides oppor-
tunities for adaptation to changing environments and suggests AIM has potential to
satisfy this criterion.

10. The ecosystem provides specified natural goods and services for society in a sustainable
manner, including aesthetic amenities and accommodation of activities of social con-
sequence. This is a major component of AIM.

These ten comparisons with attributes of restored ecosystems do not offer conclusive evi-
dence that AIM produces restored ecosystems and thus restored natural capital, but they are
highly suggestive of that possibility.

All evidence leads to the conclusion that AIM successfully leads to ecological restoration
and ultimately to restoration of natural capital. Economic modeling data present a com-
pelling case for adopting AIM in the Pacific Northwest in order to restore natural capital and
to resolve acrimonious stakeholder disputes over resources lost to exploitation. Less than two
decades ago, conservation biologists argued the merits of single large reserves versus multiple
small reserves and of the need for conserving genetic diversity and restricting active manage-
ment. Simultaneously, forest managers focused their attention on plantation management,
transportation networks, and watershed restoration. Now it is recognized by both groups that
active management is required to restore degraded ecosystems and to produce fully func-
tional forests outside of reserves. Research on AIM techniques has shown that reserves can be-
come self-fulfilling prophecies of highly isolated “islands” of diverse forests within depauper-
ate second-growth forests and developed areas, while conventional timber management can

11. Restoring and Maintaining Natural Capital in the Pacific Northwest, USA 101

ch11:IP_Aronson  5/14/07  10:14 AM  Page 101



oversimplify forest stands to the detriment of ecosystem health and landscape function. As
human demands grow, intentional systems management will be necessary to conserve the
biodiversity of natural-cultural landscape mosaics and the ecological services and goods they
provide (Carey, Lippke, et al. 1999).

AIM does not seek to restore any particular pre-Columbian ecosystem state. Rather it
strives to restore ecosystem function, resilience, adaptiveness, biotic integrity of vertebrate
communities, and diversity of vascular plant communities and other functional groups. In
this sense, restoration trajectories initiated by AIM are intended to produce adaptive ecosys-
tems of the future rather than to reconstruct the past. The approach is dynamic and allows for
self-organization, “creative destruction,” and ecological innovation, and it absorbs ecological
surprises.

Contribution

AIM is an approach for the restoration of natural capital that satisfies the conflicting desires
of stakeholders. Carefully conceived computer models demonstrate its economic worth in
terms of sustainable, high-quality natural capital and the capacity to generate social capital in
terms of steady employment and stakeholder satisfaction, with only a slight (6%) decrease in
profits that would be expected from current, short-term, forest exploitation. AIM un-
abashedly seeks to serve human needs, such as providing clean air and water, recreational
and spiritual experiences, wood and other forest products, economic activity, and employ-
ment. AIM works within the knowledge that we are attempting to be just and moral to one
another, to future generations, and to other species, as we restore ecosystems and their natu-
ral capital.
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Chapter 12

Restoring Natural Capital Reconnects 
People to Their Natural Heritage: 

Tiritiri Matangi Island, New Zealand

John Craig and Éva-Terézia Vesely

The most irreplaceable natural capital of New Zealand is biodiversity, namely its unique
plant and animal species and their habitats. However, like much of the New World, New
Zealand has an ecosystem management approach influenced by colonial values (Pawson and
Brooking 2003), with ecosystems divided into either productive or protected areas. The pro-
ductive landscapes are dominated by introduced (alien) species, managed mostly for short-
term societal returns (see also chapter 31). In contrast, protected landscapes have been estab-
lished to preclude common forms of extractive development and are largely held in public
ownership, often managed with “benign neglect” (chapter 11). There are no indigenous
mammals (except bats) in New Zealand; however, the universal presence of introduced
mammals (such as rats, deer, cats, and stoats) is continuously eroding natural values in all
ecosystems (DoC/MfE 2000), making the so-called management appear more akin to “wan-
ton neglect” (Craig et al. 2000).

New Zealand’s first State of the Environment Report (MfE 1997) describes the ongoing
decline of indigenous biodiversity—loss of native species, genetic diversity, and the support-
ing habitats and ecosystems—as the country’s most pervasive environmental issue. The pub-
lic realization of this trend has led to an increasing commitment to restoration, with govern-
ment agencies concentrating efforts on secluded areas and islands, where control and even
eradication of introduced pests is more easily achieved. Many of these efforts have grown out
of programs focused on rare species. The consequence is that urban New Zealanders, who
make up more than 80% of the population (PCE 2002), are increasingly separated from their
natural heritage. This means that biodiversity and functioning ecosystems, the building
blocks of natural capital, are not recognized by most people in their everyday lives (Pyle
1993; Stewart and Craig 2001). In a country where biodiversity management is dependent on
political largess, the problem becomes self-perpetuating (Craig 2006); each generation of ur-
ban dwellers sees less native species and expects and demands less (Kahn 2002). 

To counteract this trend, there has been an increasing effort by some individuals and
community groups to restore habitat for native species close to their homes. For many people,
this has meant moving to peri-urban areas, where remaining fragments of native ecosystems
still exist; others have adopted nearby public lands and initiated restoration programs in part-
nership with government agencies. Similarly, schools and other groups have turned their at-
tention to their own properties.
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Funding these restoration programs is problematic. Costs of controlling or, in the few sit-
uations where it is possible, eradicating pests are large. As access and entry to government-
controlled areas is free, it is difficult to obtain ongoing revenue from any restoration area.
This is because New Zealand societal values hold that the benefits of indigenous biodiversity
restoration should be free to everyone. Where monetary value is not associated with native
species and public lands are available at no charge, private investment is rare. Market pres-
sures arise only where international buyers are seen to put a premium on the products of sus-
tainably managed lands. This is beginning in the dairy industry and is leading to the fencing
of waterways (PCE 2004).

The disconnection of the majority of New Zealanders from native biodiversity, in asso-
ciation with the ongoing decline in native birds, reptiles, and invertebrates, makes the resto-
ration of this form of natural capital difficult. The social attitude of apportioning value 
and potential income to introduced species in production landscapes, while not assigning
value to native species, along with the failure to recognize the importance of ecosystem ser-
vices, means that restoration and conservation remain peripheral activities that function
largely through welfare (PCE 2001). The focus of government action on rare species and
more secluded areas further reduces the chances of building public support for wider scale
restoration. 

Restoring natural capital requires the concomitant construction of social capital through
enhancing the lives of, especially, urban New Zealanders, by providing tangible experiences
of their own natural heritage. Hence, restoration is needed where urban people can connect
with their natural heritage and where the benefits can be easily demonstrated, while addi-
tional work continues in more distant areas. In this chapter we describe just such a restoration
approach for Tiritiri Matangi Island. Here a public-led and cofunded program is restoring
the biodiversity capital and generating educational, recreational, and other biodiversity-based
products that people want. 

The Natural Capital of Tiritiri Matangi Island 

This island was an ideal candidate for restoration, having escaped invasion by most intro-
duced animal and plant pests. With an area of 220 ha and located in the sheltered waters of
the Hauraki Gulf, Tiritiri Matangi Island is only 4.5 km from the nearby Whangaparaoa
Peninsula and only 25 km from Auckland, the largest city in New Zealand with 1.2 million
people. Settled by indigenous Maori people after AD 1500, who introduced the Pacific rat or
kiore (Rattus exulans), the island was partly cleared for living areas and agriculture. When
British colonists arrived, it became government owned and was farmed for over a century. It
was also the site of an important lighthouse. Despite almost total forest clearance, some na-
tive species survived, including the bellbird (Anthornis melanura), a pollinator and seed dis-
perser that became locally extinct on the nearby mainland in the 1860s. In 1971, on the ad-
vice of the botanist Allan Esler, the government terminated the grazing lease and left the
island to regenerate “naturally.” Prior to the restoration program, Tiritiri Matangi Island re-
ceived about three hundred visitors a year, who were mainly private boat owners landing for
summer picnics. 

University research began on the island in 1974, when it was largely covered with grass,
with only small forest patches surviving in gullies, the largest of which was 4 ha (Mitchell
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1985). Seedling and seed dispersal research was undertaken to investigate the likelihood that
unassisted forest regeneration would occur. This work rapidly showed that when tree and
shrub seeds fell into the grass, lack of light and high grass density prevented germination
(West 1980). In addition, some of the tree and shrub species had been reduced to very small
numbers, while data revealed that the two avian honeyeaters, the tui (Prosthemadera novae-
seelandiae) and the bellbird were severely food limited for many months of the year (Stewart
and Craig 1985; Craig and Douglas 1986). The partial loss of a major winter-food tree, Vitex
lucens, during a cyclone demonstrated the precarious status of the resident bellbird. Clearly
“natural” or unassisted regeneration would not be fast enough to save these bird populations
or restore forests within the lifetime of current human generations.

A restoration plan was developed that would result in planting much of the island in local
trees and shrubs, which would provide food, especially for the honeyeaters. The focus on
birds was an acknowledgement that the presence of the kiore would preclude the introduc-
tion of reptiles or large invertebrates. After considerable consultation the restoration plan,
which had been developed with three key goals, received mixed support (Craig et al. 1995).
Public conservation groups were supportive, government agencies were either supportive or
cautious, while scientists were strongly negative. The scientists consulted by the government
argued that the replanting would not work, that long trials were needed first, and that it
would not be possible to mix the general public with rarer species (Craig et al. 1995). The
goals were, as follows: (1) that the island would be replanted in forest starting with species
supporting selected, rare bird populations; (2) that selected bird species would be reintro-
duced; and (3) that the public, especially Aucklanders, would have access to the island to ex-
perience their natural heritage. The overall vision was to recreate the forest of the coastal
Auckland region as a functioning ecosystem, fill it with the birds and reptiles living there
prior to human arrival, and ensure that people could experience this. Plant species chosen
were those known to occur or thought to have been on the island. Hence, linking the build-
ing of both social and natural capital was seen as the key to success.

Restoring the Natural Capital of Tiritiri Matangi 

The restoration plan matched the strong preservationist ideals generally held by New
Zealand ers at the time. The nation had a social climate where the government subsidized
clear felling of indigenous forests for timber, as well as native vegetation clearance, including
wetlands drainage, to allow “more productive” use as agriculture. In addition, biodiversity
management and conservation was spread across multiple government agencies. In fact, rare
species programs for some critically endangered species, such as the kakapo, were shelved for
lack of finance. Against this background, a plan to restore an island to a functioning forest
ecosystem and simultaneously increasing rare bird populations, while ensuring public ac-
cess, was unusual. 

In contrast to its other attitudes, the government offered a 2:1 subsidy for any donation to-
ward conservation, which was clearly only a small financial liability in the social climate of
the time. In 1982, a grant from World Wide Fund for nature (WWF), along with the govern-
ment subsidy, provided the necessary start-up funding for the restoration of Tiritiri, which in
the intervening decade of unassisted restoration had produced few changes, affirming the
value of intervention. One and a half full-time staff initiated on-site planning, established a
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nursery, and prepared approximately 25,000 plants for each of the ten years of public plant-
ing that began in 1984. Initially progress was slow, but within four years planting by commu-
nity groups and schools became a regular feature through the winter and early spring
months. In fact, people paid to go to the island and plant, prepare hiking trails and access
roads, and work in the nursery. Local commitment grew into an organization, Supporters of
Tiritiri Matangi (SoTM), which is now the major player in the ongoing management and
funding of the island restoration.

The deliberate attempt to restore to a past ecosystem required concept changes for rare-
species management. The government attitude at this time (and currently) was dominated by
ensuring human exclusion from rare-species locations, as anthropogenic activities were
deemed the greatest threat. An ambitious plan to reintroduce ten nationally and locally rare
birds was part of the restoration program. The first, the tieke or saddleback (Philesternus
carunculatus), an endemic wattle bird previously restricted to a single, closed island, was in-
troduced in 1984 at the start of the planting program. Thus, the rewards for the volunteers in-
cluded immediate access to observe species not seen by the public elsewhere. In addition,
resident species such as the bellbird were found only here in the Auckland region. Annual re-
leases of other species, including the critically endangered takahe (Porphyrio hochstetteri),
greatly enhanced the rewards. Indeed, volunteer numbers increased to such an extent that it
was necessary to ration the number of trees available for each individual to plant. 

The volunteers’ group, SoTM, began in 1987 and raised additional funding for equip-
ment and materials. They also organized building of trails, upgrading accommodation, and
any other assistance needed by the resident government staff. SoTM is now the largest funder
of the island and has a formal cooperative management agreement with the government
agency (see also chapter 32 for voluntary financial mechanisms to restoration).

In addition to these volunteers, scientific research has been an ongoing activity, which,
initially driven by Auckland University, included staff and graduate students (Craig et al.
1995). Besides exploratory research, the dynamics of most of the newly introduced bird pop-
ulations and of the replantings became the focus for graduate students (e.g., Dawson 1994;
Cashmore 1995; Armstrong 1995; Baber 1996; Girardet 2000; Jones 2000). Subsequently,
Massey University has taken on an increasing role, with research questions broadening from
an ecological focus to investigate people’s perceptions, their effects on the wildlife, and the
economics.

Representatives of present and potential stakeholders in the restoration project—SoTM,
the Department of Conservation, the Hauraki Maori Trust Board, the University of Auck-
land, and Massey University—are aware of the range of strengths, weaknesses, opportunities,
and threats (SWOT) associated with the project, as shown in table 12.1. 

Measuring the Success of Restoring the Natural Capital

Restoration success can be measured in a range of ways, though the most logical approach
would be to evaluate the outcomes against the original three goals. 

The original ten-year program was completed on time with over 260,000 plants being
raised and planted. Subsequent planning required the planting of some other small areas, but
the nursery has now been dismantled and over 60% of the island is forested. Twelve locally or
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nationally rare birds, and a nationally rare reptile, the tuatara (Sphenodon punctata), have
been reintroduced to provide the most faunally diverse forest ecosystem in the region (see
table 12.2). Visitor numbers have reached 35,000 per year and continue to grow, with the ma-
jority coming from Auckland. Hence, the original goals have been met.

Another approach to measure the success of the restoration project is from a natural capi-
tal perspective. The term refers to the capacity of the stock, that is, the ecosystem, to provide
goods and/or services (Ekins, Simon, et al. 2003). The natural capital perspective encom-
passes the multifaceted nature of an ecosystem’s functions, such as regulation, production,
habitat, and information, and the various dimensions involved—ecological, economic, and
sociocultural (Chiesura and de Groot 2003). The impact of natural capital restoration can be
measured by an assessment of the changes in the natural capital stock, the associated flows,
and the values created. 

Using Tiritiri Matangi Island, an island ecosystem, as a form of natural capital, it can be
shown that an extensive transformation has occurred due to the restoration effort. The forest
cover has increased from 5% to 60% (and pasture decreased from 95% to 40%). Approxi-
mately 140 ha are now covered in forest, with the remainder maintained as grass, either as
bird habitat, or to provide views for visitors, or to allow unassisted regeneration. With the ex-
ception of one formerly grass-covered valley system, which has become colonized by New
Zealand flax (Phormium tenax), the majority of these areas have changed little in the last
thirty years. In addition, populations of twelve rare species have been translocated to the is-
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table 12.1 

Strengths, weaknesses, opportunities, and threats associated with the Tiritiri Matangi restoration project 
Strengths Weaknesses

• Inspiring vision • No financial planning for a long time
• Personalities of the rangers present • General approach initially was ad hoc
• Specific local focus • Bureaucratic slowness
• Good opportunities for people to get involved and • Occasional management rigidity

realize passions
• Networking capacities of some of the people involved 
• Establishment of the Supporters of Tiritiri Matangi 
• Early volunteer rewards from endangered species 

translocations 
• Credibility from scientific research
• Links with educational institutions 
• Management trust

Opportunities Threats

• Future species translocations, such as native frogs, • Invasion of predators
giant weta, and snails • Fire

• Improved visitor management • Overexposure and/or overshooting the 
• Addition of a marine reserve in surrounding waters carrying capacity
• The development of a historical perspective • Other islands copying the model without 
• Enhanced education and research opportunities differentiation

• Personality and vision incompatibility 
between different stakeholders

Source: J. Brown, J. L. Craig, M. Galbraith, C. Hayson, B. Walter, and R. Walter, 2002, personal communication.
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land and are increasing in size. These changes to the island translate into new flows and ser-
vices and their associated values being provided (see table 12.3). These include the recre-
ational experience of a native island ecosystem, educational uses, research opportunities,
rare-species conservation, and other ecological services. Decreased flows include the grazing
service provided for cattle and sheep, which have been removed from the island.
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table 12.2 

Wildlife reintroduced to Tiritiri Matangi, their ecological service, 
and initial and current numbers, as of 2006.

Species reintroduced Ecoservice Number released Current numbers

Birds
Red-crowned kakariki Seed control 60+ 200+
Saddleback Seed disperser, pest control 24+ 300+
Brown teal Pest control 19+ 8+
Whitehead Pest control 30+ 1000+
Takahe Pest control 8 18
Robin Pest control 24+ 190
Little spotted kiwi Pest control, soil formation 16+ 30+
Stitchbird Pollination, seed dispersal, pest control 37+ 188
Kokako Seed dispersal, pest control 7 14
Fernbird Pest control 19+ 25+
Tomtit Pest control 32+ 20+

Reptiles
Tuatara Pest control 60+ 50+

table 12.3 

Restoration-induced changes in service flows and their associated functions and values, 
from Tiritiri Matangi Island 

Change in Associated 
Natural flows after environmental 
capital Flows of services restoration functions Associated values

Functions of

Conservation of increased Habitat Ecologic, social, and eco-
native species nomic (nonmarket)

Water purification increased Regulation Ecologic and economic 
(nonmarket)

Restored 
Carbon sequestration increased Regulation Ecologic and economic  

Tiritiri
(potentially market)

Matangi Functions for
Island

Recreation increased Information Social and economic 
(nomarket)

Education increased Information Social (potentially 
economic)

Research opportunities increased Information Ecologic, economic, and 
social

Grazing decreased Production Economic (market)

Note: See O’Connor (2000) and Chiesura and de Groot (2003) for detailed explanations of terminology.
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Flows of Natural Capital and Their Associated Values

The involvement of local people in the restoration of natural capital, including the reestab-
lishment of indigenous species, removal of alien species, and return of aspects of a function-
ing pre-settlement landscape, has generated a range of new values for the island. 

Conservation of Native Species
The translocation of species has created flows of seed dispersal, pollination, seed control, pest
control, and soil formation services, with a contribution to endangered species’ conservation
rated as 0.15 in terms of Conservation Output Protection Years (COPY) (Cullen et al. 2005).
This is the sum of gains in the threatened species’ conservation status on a quadratic scale
from 0.00 (extinct) to 1.00 (not threatened). While the overall population size of many of the
translocated species is small, they are important when considered as part of a networked
metapopulation. Consequently, the insurance value of newly established island populations
against loss of other wild populations is highly appreciated by ecologists (Girardet 2000;
Jones 2000). 

Furthermore, the public has perceived the restoration of the island as very valuable. In
fact, the benefits that the Auckland region population derive from maintaining conservation
activities on the island have been estimated by contingent valuation at NZ$7.7 million per
year (1 NZ$ = 0.5397 US$ [1993]) (Mortimer 1993).

Water Purification and Carbon Sequestration
The restored forest provides a range of ecosystem services, including water purification and
carbon sequestration. The extensive forest cover ensures that the water flowing into the sur-
rounding sea has minimal nutrient and pollution loads. In addition, the newly planted forest
has a carbon sink capacity potential of fifteen tons per hectare (Whitehead et al. 2001). Be-
sides the ecological value, this latter ecosystem service has a potential market value, as almost
half of the forested areas were established post-1990 and would qualify for “Kyoto” carbon
credits. 

Recreation
The flux of recreational services provided have increased significantly after restoration, with
visitor numbers rising from several hundred a year to 35,000 in 2004 (Lindsay 2004). In par-
ticular, the island has been largely set up for day visits to see birds, with two walks available
through patches of more mature forest, as well as replanted areas. So the SoTM provide
trained volunteer guides to explain the history, as well as plant and bird information, and ap-
proximately 80% of the visitors pay for this service. On a day trip, the majority of visitors
would have little difficulty in seeing at least six of the reintroduced rare species, along with
the more common birds. Basic overnight accommodation is available for up to fifteen peo-
ple, and these visitors have the opportunity to see nocturnal species, including the iconic kiwi
(Apteryx oweni). With the development of better quality trails and an informed guiding op-
tion, 80% of visitors in 2003 were “extremely satisfied” with their experience (Lindsay 2004).
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By using average consumer surplus values from nonmarket, recreation-valuation studies
carried out in New Zealand and the United States (Kaval 2004), the value of recreation en-
joyed by the 35,000 Tiritiri visitors in 2004 is estimated to be between NZ$0.9 and NZ$2.3
million (1 NZ$ = 0.6294 US$ [2004]). 

Education
As Cessford (1995) explains, one of the main justifications for allowing public access to spe-
cially protected islands is that the visitors can understand the conservation issues associated
with the sites. This may foster reevaluation of their attitudes and promote greater involve-
ment.

Many visitors indicated that their island experiences had changed the way they thought
about conservation, with almost 50% previously nonvolunteers showing an interest in partic-
ipating in some volunteer work (Cessford 1995). 

Increased voluntary participation has ramifications for conservation and restoration proj-
ects, as this labor source is often a significant share of the total investments. In addition, Stew-
art and Craig (2001) found that frequent visitors to the island held stronger environmental
views than first-time visitors. The former were more proactive in promoting conservation and
participation, while believing taxes should provide a major funding source. 

Research
Scientific information has been gained from different aspects of the restoration project, in-
cluding ecology and conservation management. From investigating the revegetation ecology
on Tiritiri (Cashmore 1995), these findings have been subsequently applied to a restoration
project on the nearby Motutapu Island. In addition, research associated with native bird
translocations—Dawson (1994) and Baber (1996) on the takahe; Armstrong (1995) on robins
(Petroica australis); Girardet (2000) on the little spotted kiwi (Apteryx oweni); and Jones
(2000) on the kokako (Callaeas cinerea wilsoni)—has advanced the understanding of these
previously little-studied species. There has also been considerable research on other species,
as well as on visitor issues

Contribution

Colonial attitudes combined with current short-term economic reasoning and a public atti-
tude not sufficiently valuing native species have ensured the decline of indigenous biodiver-
sity and their habitats and ecosystems in New Zealand. There is increasing awareness of the
need to restore native ecosystems, but there remains little perception that such systems are a
form of capital adding to human health and well-being. The restoration of Tiritiri Matangi Is-
land is an example of a public-led and -funded program that has restored an island ecosystem,
and which produces associated flows that are in increasing demand. 

The project manager from the Department of Conservation ranked the success of Tiritiri
out of a possible 100 as, restoration of ecosystem (99); endangered species conservation (90);
and advocacy and education (100) (Cullen et al. 2005). Conversely, when comparing six
New Zealand projects from a threatened species conservation-outcome perspective using the
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Conservation Output Protection Year (COPY) indicator, Cullen et al. (2005) found Tiritiri
to have performed poorly. Having the smallest project area, Tiritiri cost thirty times more per
hectare per year than did the project with the largest area, and it produced one of the lowest
COPY values for one of the largest investments. This is because by managing low though in-
creasing percentages of the total populations of threatened species, only minor contributions
were made to the species’ conservation status. However, Tiritiri was envisioned as generating
a much wider range of benefits, and, as shown, this successful restoration project has gener-
ated flows with associated social, economic (nonmarket), and ecologic values. Consequently,
decisionmakers need to be aware of the range of outcomes and how they balance when mak-
ing performance assessments in relation to restoration programs.

Increasingly, other restoration programs are in progress as New Zealanders demand
greater access to their natural heritage. While there is a general belief that these restoration
programs deliver value, especially through recreation and tourism, the quantification and
balance among the created ecologic, economic, and social values remain fertile areas for fu-
ture enquiry.
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Chapter 13

Restoring Forage Grass to Support the Pastoral
Economy of Arid Patagonia

Martín R. Aguiar and Marcela E. Román

Arid Patagonia, in southern South America, includes grass- and shrub-dominated ecosystems
(steppe), with precipitation occurring mainly in autumn and winter (May–September), and
totaling generally less than 350 mm per year. Despite the short history of pastoralism (ca.100
years) compared to other ecosystems in temperate South America, the impact has been
highly damaging and extensive, with no relicts of precolonial rangelands remaining by the
1950s (Soriano 1956). 

Today there is no reference site for the original structure, composition, and functioning 
of these ecosystems. The most common restoration recommendation is reduced domestic-
herbivore stocking rates. This management approach erroneously assumes the spontaneous
natural recovery of threatened species, when in fact there is an urgent need to experiment
with different restoration procedures that actively facilitate their recovery.

In this chapter we present a plan to restore the forage-grass populations that are the natu-
ral capital in grazing-degraded Patagonian rangelands. In particular we propose to recover
Bromus pictus, a native perennial grass that is heavily grazed by both domestic and native her-
bivores. This plan is based on information gathered since 1999, relating to the establishment
of new plants and forage production. It has four elements: first, the current grazing system
has been investigated for its role in natural capital erosion of the Patagonian steppe; second,
the biophysical constraints are identified for natural capital restoration in grazing rangelands;
third, a “low-input” grazing management intervention is described for restoring natural capi-
tal; finally, the model is evaluated from a combined biophysical and economic perspective. 

Utilizing the Natural Capital on the Patagonian Steppe

Agroecosystems need to be analyzed from three different perspectives: biophysical, produc-
tive-technical, and socioeconomical. Although these three perspectives are complementary,
most productive-technical decisions are based on the socioeconomical perspective. Manage-
ment decisions are often based on the biophysical attributes of the animals (i.e., tolerances
and requirements) and rarely on the biophysics of the resource base (i.e., plant population
dynamics and soil characteristics). The historical management of the Patagonian arid steppe
provides a good example of this lack of complementarity, while shedding light on its trajec-
tory to the current state. 
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The Patagonian steppe evolved as an arid ecosystem since the Tertiary, when the Andes
formed (Soriano et al.1983), creating a rain shadow, with westerly Pacific winds losing their
moisture as they climbed inland over the mountains. The vegetation is dominated by peren-
nial tussock grasses and low shrubs (Soriano et al. 1983; Ares et al. 1990) with aboveground
primary production limited in winter by low temperatures (<2°C in July) and after October
by water availability (Jobbágy and Sala 2000). Many large herbivores grazed on the steppe
until the Pleistocene extinction, about 10,000 years ago (Markgraf 1985), after which the
only large herbivores remaining were the guanaco (Lama guanicoe) and the lesser rhea 
(Pterocnemia pennata), a large flightless bird (Bucher 1987; Baldi et al. 2001). Two major fea-
tures in recreating the functioning of these original grazing systems hinges on understanding
(both extant and extinct) herbivore plant selectivity and migration patterns. Native herbivores
would have selected their diet at spatial scales ranging from regional to individual plants (fig-
ure 13.1a), while the grazing regime (i.e., frequency, intensity, forage composition) was prob-
ably controlled by biophysical attributes, such as macroclimate, local climate, landscape to-
pography, plant community composition, and individual plant status (Bailey et al. 1996). In
addition, vegetation composition and the quantity of biomass consumed at different times of
the year would have been controlled through a network of feedbacks, such as increased her-
bivore consumption causing plant population decreases followed by grazer population de-
clines. Reduced forage availability would also have forced animals to move to other grazing
areas or regions. The arrival into this ecosystem of hunter-gatherers started around 12,000
years ago (Markgraf 1985). Even in low numbers and with or without climate change they
may have played a major role in causing rapid extinction of most of the megafauna (Markgraf
1985). Unfortunately, few archaeological deposits or early colonial documents are available
for analyzing the productive-technical and socioeconomical perspectives of this precolonial
ecosystem, although pollen records and preserved plant macroremains provide useful data
for reconstructing the vegetation from these early periods (Markgraf 1985).

With the advent of sheep husbandry, early in the twentieth century, a new ecosystem de-
veloped. Humans increased in importance as consumers and land managers and also devel-
oped an economic market (figure 13.1b). As there are only a few historical records of man-
agement in the region (e.g., Texeira and Paruelo 2006), the current understanding of grazing
impact is derived from vegetation studies under different herbivore densities. Although the
nature of precolonial grazing pressure is difficult to estimate, the significant difference be-
tween the two systems was most likely the impact of animal distribution in space and time.
With the introduction of domestic herding, fences and water points became the main con-
trollers of grazing distribution over the landscape, impacting greatly on patch and plant se-
lectivity (figure 13.1b). In some cases, natural pastures are allocated either to winter or to
summer grazing, though generally grazing occurs throughout the year (Soriano 1956; Gol-
luscio et al. 1998). The consequence of the continual selection by livestock for palatable
grasses is a decrease in reproduction and an increase in mortality of these grasses resulting in
their reduced abundance. This in turn causes unwelcome changes to the vegetation of the
arid Patagonian steppes (León and Aguiar1985; Ares et al. 1990; Perelman et al. 1997). A
modeling exercise indicates cascading effects on ecosystem function, as decreases in the
grass/shrub ratio promote changes in water dynamics that ultimately reduce primary produc-
tion and herbivore biomass (Aguiar et al. 1996). The decline in sheep stocks during the last
fifty years is therefore the result of a continuous demographic process rather than a change in
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management decisions (Texeira and Paruelo 2006). In other words, the biophysical charac-
teristics of the system in conjunction with the grazing (technical) management are con-
straining its productive output, with little possibility of sustaining yields over time. Although
credits, subsidies, and/or tax exceptions are utilized to restore sheep stocks, generally after
major climatic events, this financial buffering will only enhance the continual degradation
and the biophysical constraints limiting the stock of palatable plants and species. 
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Figure 13.1. Conceptual model of pre- (a) and post-settlement (b) grazing systems on Patagonian
steppe. In pre-settlement grazing systems, native herbivores were able to select plants freely (block ar-
row). Post-settlement grazing is dominated by sheep in constrained areas and controlled by humans.
Humans are an active component of the system as consumer, land manager, and a part of the market.
Land managers determine animal densities, fences, and waterwheels, which in turn control animal
distribution.
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Curiously, compared to plant-grazing management, animal management is more devel-
oped (Golluscio et al. 1998). For example, for sheep this includes sanitary considerations and
a husbandry calendar advising optimal dates for breeding, marking, weaning, and shearing.
From the socioeconomical perspective, the Patagonian region investigated here, the western
portion of Chubut province of Argentina (from 42° to 46° S latitude), includes four counties.
According to the most recent available National Agricultural Census (INDEC 1988), ~67%
of the farms possess <2,000 sheep (figure 13.2), whereas ~9% of the farms have >6,000 sheep,
which accounts for almost half of the area (figure 13.2 inset) and regional sheep population.
Included in the category “<2000 sheep” is the social group with <500 sheep that has the most
precarious living; this category includes the communal lands occupied by indigenous peo-
ple. From the biophysical and social perspectives, these units represent extreme poverty (Al-
varez et al. 1992; Golluscio et al. 2000). 

Restoration of palatable grasses appears to be essential for the overall sustainability of
these agroecosystems. From the biophysical perspective, diversity at the species (i.e., genetic)
and plant community level needs to be maintained. From the productive-technical perspec-
tive, restoration has the potential to increase wool production and make sheep husbandry
economically sustainable. This is an important goal also from the socioeconomical perspec-
tive since it is desirable to enhance livelihoods in rural areas rather than facilitate the human
migration to shantytowns. 
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Figure 13.2. Size class distribution of sheep farming enterprises in the Chubut province of Ar-
gentina (n=815), expressed in terms of the number of sheep in the farm. Inset: total area occupied by
each farm size class. 
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The Biology of Bromus pictus

A perennial tussock grass native to Patagonia, Bromus pictus reproduces by large seeds
(14.4±0.4 mm in length and 7.2±0.4 mg in weight), as well as by tillers. Seed viability is
>90% (Rotundo and Aguiar 2004), with seedling emergence occurring in the cool wet season
(April through September). It is economically important because it is a highly palatable
species that sheep graze preferentially. On average, plant density in exclosures occurs at 
6 plants m–2 and decreases to between 1 and ~0.6 plants m–2 in grazed and heavily grazed
rangeland. In heavily grazed rangeland, Bromus finds refuge beneath shrubs or is mixed with
nonpalatable grasses (Oesterheld and Oyarzábal 2004). 

Seed production during a normal year is directly related to the size of the plant, though,
on average, adult plants produce 128 seeds/plant/year (Aguiar and Rotundo, unpublished
data). Flowering and fruiting occurs as the season progresses, and dispersal starts in midsum-
mer and extends for a month (Aguiar and Sala 1997). Most seeds are wind dispersed and ac-
cumulate close to natural barriers, such as other plants or litter (Aguiar and Sala 1997). In
natural conditions, emergence takes place as soon as rain season starts (May) and is con-
trolled by burial depth rather than horizontal seed distribution (Rotundo and Aguiar 2004);
hence grazing can increase emergence rates because sheep promote seed burial (Rotundo
and Aguiar 2004). It has been demonstrated in grazing exclosures that the emergence rate is
10% of available seeds in a microsite, whereas in grazing paddocks this is increased to 20%.
Nevertheless, 7% of emerged seedlings survive (Aguiar and Sala 1997), and survival is not sig-
nificantly affected by grazing.

Restoring Patagonia’s Heavily Grazed Natural Capital

The target envisaged was to increase the density of Bromus tenfold from 0.6 to 6 plants m–2,
yet still manage sheep grazing. This was considered achievable by eliminating grazing during
most of the year, but especially during the spring and summer growing season (August to De-
cember) to allow plant growth, accumulation of plant reserves, and flowering and seed pro-
duction. In early January, grazing is resumed until the forage accumulated in the growing
season is consumed. Meanwhile, grazing at the end of the growing season fosters seed disper-
sal and burial (Rotundo and Aguiar 2004), and as summer is a critical period for ewes and
lactating lambs, better nutrition increases lamb survival and growth after weaning. Since Bro-
mus forage is of high quality, this grazing management should lead to recovery of the grass
populations and growth of the sheep flocks. Presently, the growth rate (λ) of flocks is around
0.9, which is sustainable only with the addition of new sheep from elsewhere (Texeira and
Paruelo 2006). 

Grazing experiments take many years to establish and complete. For this reason we used
the best available ecological data to simulate recovery times for forage-grass populations and
then analyzed the economic feasibility of restoration for various types of pastoral enterprises.

Simulated Restoration of Grass Populations
To estimate the grass seedling establishment through time for rangeland under this manage-
ment, the following equation was used:
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Seedlings/m2 = (plant density × seed production plant–1) × (emergence × survival), 

where plant density is expressed in plants m–2; seed production is the number of viable seeds
produced and dispersed per plant; emergence is expressed as a proportion of dispersed seeds,
and survival as a proportion of emerged seedlings. Three assumptions were made: first, a
starting plant density of 0.6 plants m–2; second, those seedlings that survived one year are con-
sidered established; last, new plants begin to produce seeds in the third year after emergence. 

We simulated the restoration dynamics for a range of initial plant densities (from 3 to
0.0001 plants m–2). Recovery time (target density of 6 plants m–2) varied between one and six-
teen years, respectively (figure 13.3a). Experimental data indicate that Bromus population
dynamics are controlled mostly by intraspecific rather than interspecific competition. As Bro-
mus density in old exclosures is ~6 plants m–2; it is considered that this is the species-carrying
capacity in this ecosystem, and population growth should slow down as density approaches or
exceeds this threshold. However, this particular restoration density dependency was not
 simulated. 

Other simulations indicated that recovery dynamics had different sensitivities to interan-
nual variability in seed production. Reducing seed production and emergence rates by 20%
each had the greatest combined effect at the lowest population density but also slowed down
the recovery dynamics for 0.1 and 0.6 plants m–2 (figure 13.3b). 

Increments in forage production and consumption during the restoration were also esti-
mated. An average value of green and recently dead biomass of 1.5 g/plant was used (Ro-
tundo and Aguiar, unpublished data), while assuming a requirement of 1 kg dry forage bio-
mass/sheep/day (Rodolfo Golluscio, personal communication). Restored rangeland would
thus produce a maximum of 90 kg ha–1 of forage or maintain three sheep ha–1 month–1. 

After the grazing capacity is restored, sheep should be rotated to promote accumulated
plant reserves, flowering and seeding, and seedling emergence. Rotational grazing might also
benefit guanacos, since sheep are stronger competitors (Baldi et al. 2001). Guanacos and
rheas can move over or through sheep fencing. It can be confidently concluded that this
management approach can be sustained under a scenario of 20% individual plant mortality
due to grazing. 

Economic Analysis of Forage-Grass Restoration
Farming enterprises of three sizes were considered in the economic analysis. The relative in-
fluences of the different variables were evaluated from an economic perspective rather than
predicting the likely outcome of the management. Based on the farming enterprise size dis-
tribution in western Chubut province (figure 13.2), farms carrying 1,000 (type A), 4,000 (type
B), and 15,000 sheep (type C) were investigated. Total sheep numbers included different cat-
egories (ewes, lambs, hoggets), with an assumed 43% proportion of ewes in the three farm
sizes. Type A farms are the most common size in the region. Type B is representative of the
economic unit (economic units are farms that support one family, and their size depends on
primary productivity and relative local and international prices) (H. Bottaro, personal com-
munication). Finally, type C represents farms occupying most of the land area under analy-
sis. In addition, the three farm types differ in supplies consumed and use of labor and capital,
the data for which were obtained from earlier studies (Román et al. 1992; Bendini and Tsak-
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oumagkos 1993; Román 1993; Golluscio et al. 2000). Prices were provided by regional and
national sheep producer associations (Corporación de Fomento del Río Chubut [CORFO]
and Federación Lanera Argentina) and represent the average between 1980 and 2003. These
are expressed as the December 2003 values (in US dollars), which include all the federal
taxes discounted from the producers’ income. It was assumed that the three farm types had an
initial 60% marking rate (an index of pregnancy, miscarriage, and lamb survival at two
months), 10% lamb mortality and 7% ewe mortality, and that the personnel in type A were
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Figure 13.3. Simulated trajectories of plant density recovery of Bromus pictus. In panel (a) each
solid line represents a trajectory starting with a different plant density. In panel (b) simulations con-
sider a concurrent variation of +/-20% in both “number of seeds produced per plant” and “emergence
rate.”
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only the family; in type B, the family and one shepherd; and that type C employed three
shepherds. 

In terms of financial evaluation, it is considered that the farm, regardless of size, should be
divided into four management units or sections. One section sequentially is closed to grazing
from August to January. During three years, sheep graze the other three sections most of the
year, except in January and February, when they return to the “in restoration” section and re-
main as long as forage is available. This four-section approach represents a way to implement
rotational grazing and to analyze the viability of the project in an economically and ecologi-
cally heterogeneous region. A unit is considered restored when Bromus density reaches 6
plants m–2. To implement this plan it is necessary to invest in fences and water points in the
farm types A and B (US$20,637 and $11,646, respectively), while the considered costs of
technical advice during the first four years of management are as follows: first year, ten days
($417); second and third years, three days ($174); fourth year, one day ($104). It was also as-
sumed that during the first six years economic yields would decline because of reduced graz-
ing area, while subsequent restoration would generate direct economic benefits because of
increased forage availability. After twelve years, the Bromus density should have recovered
and the restoration goal has been achieved. In addition, marking rate would increase gradu-
ally from 60% to 65%, with wool production expanding from 4.2 to 4.4 kg sheep–1 during a
period of seven to thirteen years. These may appear to be moderate increments, yet in time
they can promote an increase in total sheep numbers. It was decided to maintain constant
sheep numbers on the farms and consider that the surplus was sold as wool and meat. 

As restoration is inherently a slow process, an economic analysis spanning twenty years
was applied. This period includes climatic extremes, though in the first attempt to evaluate
this restoration project, climate was assumed to have had no influence (figure 13.3b). The
economic indicators used were the net benefit (NB in $), net present value (NPV in $), and
the internal rate of return (IRR) (%) (Gittinger 1983) with a discount rate of 4%. This is rea-
sonable rent for money invested in other forms of extensive production farming comparable
to wool production. The recovery time for capital invested was also calculated, while esti-
mating the switching values of the NPV assessed the sensitivity of the project to changes in
productivity indices. The switching value indicates the increment (%) in the index necessary
for a negative result to turn into a positive one, or the reduction (%) required to get to zero if
the NPV was positive. Two biological productivity indices (marking rate and wool produc-
tion per animal), and two economic productivity indices (lamb price and percentage of the
investment needing to be subsidized) were also tested. 

The analysis indicates that net benefits in farm types A and B decrease during the first year
because of the investment required for fences and water points. After year one, net benefit
(NB) recovers slowly, with minimum increments occurring after year five. Type C main-
tained a positive NB for two reasons: (1) investments were not necessary; and (2) after year
two, NB begins to increase slowly. In the twentieth  year, the NPV and the IRR were as fol-
lows: type C > type B > type A. Farm types A and B do not recover their initial investment in
fences and water points with an opportunity cost (i.e., discount rate) of 4% (table 13.1).
Whereas the IRR in type C reached almost 9%, in types A and B, the IRR remained negative.
The larger farms recover the investment in year seventeen, whereas the other two types did
not during the twenty years considered in the analysis. Indeed, types A and B did not reach
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the IRR of 4% even under a scenario of free technical advice and no income tax payments.
The addition of fences to type C did not affect the NPV, and investment was recovered by
year twenty. Switching value analysis indicates that biological parameters are not realizable
for types A and B. Conversely, type C switches to nonviable with changes of 61% and 4.1 kg
sheep–1 in the marking rate and per capita wool production, respectively. Farm types A and B
results are not sensitive to changes in economic parameters (switch price is not reasonably
achieved), whereas type C can tolerate a 47% lamb price decrease. In general, type A results
need to be discussed in different terms since conventional evaluation criteria fail to capture
nonmarketable benefits, such as subsistence (Ayalew et al. 2003). The analysis of the increase
in net benefits (%) between years zero and nine appears more realistic, although subsistence
consumption is still not accounted for. Nevertheless, this indicator suggests that financing the
initial investments has a long-term impact on all farm types. 

Contribution

Sheep husbandry is a key component of the Patagonian economy and society yet a major
cause of natural capital degradation; without restoration efforts, negative sheep population
growth rates will continue. Our restoration plan focuses on helping one forage species to re-
cover, but other species (plants and animals) will also benefit. Guanacos compete with
sheep, and the establishment of a rotational system will open grazing opportunities for them
as well. This technology should now be tested with field trials before passing it on to farmers.
It was assumed that managers of the three farm types would be willing to invest in restoration,
though analysis of the financial and economic impacts indicates that only the larger farms are
best suited to adopt this technology. Type B farms will probably need financial support to
make the transition, although it is expected that this group could initiate a restoration pro-
cess. Contrary to other subsidies that are paid continually (for unemployment or wool prices)

120 restoring natural capital:  experiences and lessons

table 13.1

Economic results of the Patagonian restoration process during twenty years of analysis 
Farms

Variables Type A Type B Type C

Initial investment (US$) 11,645,5 20,636.8 0
Years with negative net benefits 1 1 0
Years with incremental net benefits 9 9 7
Net present value (NPV) (year 20) ($) (–11,097) (–15,519) 15,482
Internal rate of return (IRR) (%) Negative Negative 8.8
Result with no cost for assistance (%) Negative Negative 9.1
Result with no income tax (%) Negative NA (exempt) 9.0
Result with no cost for assistance and no income tax (%) NA (exempt) 1.98 9.3
Recovery time of investment (years) > 20 > 20 17
Switching values for NPV
Marking rate (%): original value 60% 99 81 61
Wool production (kg): original value 4.2 kg/sheep–1 6.7 5.6 4.1 
Lamb price ($): original value $15/lamb–1 181 40 8 
Subsidy to initial investments (%) 92 77 NA

Note: Type A = farms with 1,000 sheep; Type B = farms with >4,000 sheep, which is the economic unit; and Type C = farms with 15,000
sheep. 
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a restoration subsidy is paid for a limited time, yet it represents a long-term benefit. Smaller
farms (type A) are of the highest concern since they cannot economically support a family in-
definitely, and the short-term pressure forces management to be opportunistic and generally
environmentally destructive. The planning horizon should be widened so that sheep hus-
bandry is not the sole economic activity, or farmers could implement changes cooperatively
to reduce the negative effects of small farm sizes. Although restoration costs exceed the ben-
efits in farm types A and B, the increase in natural capital will be enjoyed by future genera-
tions beyond the twenty-year analysis. 

From the government perspective, the good news is that the analysis indicates that grazing
restoration is viable in much of the area (i.e., type C farms). The bad news is that most of the
farms are too small to undertake restoration without financial support. Moreover, these farms
have more limiting inputs, such as land, sheep, and operational capital. This is not a new
dilemma, and free market solutions such as land abandonment followed by land concentra-
tion under a single ownership will probably increase social problems. Whereas ethics guide
individual behavior, policy guides societal behavior. It is necessary to develop an agreed-
upon policy that tackles “investment in natural capital” (Ekins, Folke, et al. 2003). The focus
of our analysis was marketable products, yet other ecosystem services will be provided by re-
stored ecosystems. Hence, it appears necessary to start long-term negotiations encompassing
both socioeconomical and biophysical perspectives to achieve a holistic view of agroecosys-
tems. An analysis that includes marketable products will increase farmer support for a policy
that promotes natural capital restoration and its maintenance. 
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Chapter 14

A Community Approach to Restore Natural
Capital: The Wildwood Project, Scotland

William McGhee

Whereas the previous three chapters dealt with technical approaches to restoration, this
chapter and the next two focus on various approaches to community-based restoration proj-
ects. This chapter’s focus is on the context, challenges, and some of the outcomes of such a
community-based restoration project in Scotland. This restoration has been inspired,
planned, and executed by a community group called the Wildwood Group of Borders Forest
Trust. The Borders Forest Trust Wildwood is establishing a mosaic of seminatural woodland
and associated habitats in a discrete catchment in the Southern Uplands of Scotland. Semi-
natural woodland is defined as native woodland established by planting and regeneration
with little or no management after establishment.

The Context

Since the postglacial colonization Scotland’s forest cover has declined from an estimated
75% of the land area, to less than 4% by the seventeenth century (Ray and Watts 2003) and
2% by the early twenty-first century (Stiven 2005), mainly as a result of increased agricul-
ture, as will be discussed later. The loss of natural forest, its fragmentation and associated
species loss has occurred in a number of other European countries, notably Ireland, the
Netherlands, and Denmark, although probably not on the same scale as woodland frag-
mentation in the Scottish Borders (Badenoch 1994). Afforestation in the Borders, using ex-
otic conifer plantations throughout the nineteenth and twentieth centuries increased the
forest area to 17.1% (Forestry Commission 2005) of which about three quarters is composed
of introduced species; 23% are native species including 10% native Scots pine. 

Remaining ancient seminatural woodlands (ASNW) in the south of Scotland are frag-
mented, and because of their size (generally less than two hectares) and shape (long and
thin), they do not function as woodland ecosystems. Walker and Kirby (1987) define an-
cient woodlands as having a proven continuity of woodland cover for at least the last ca. 250
years. Remnant ASNW in the Scottish Borders amount to less than 1,000 hectares and
cover some 0.13% of the land area (Badenoch 1994). Native woodlands have been absent
from the southeast of Scotland for many hundreds of years and paleoecological studies 
show that the original native woodland cover had been “utterly destroyed” by 1603 (Bade-
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noch 1994) when James VI of Scotland and I of England established the Union of the
Crowns.

Forest loss and subsequent lack of tree regeneration in Scotland throughout prehistory
and in historic periods was mainly as a result of agricultural activity (Badenoch 1994), espe-
cially arable farming in the lowlands and intensive sheep grazing in the uplands. The South-
ern Uplands of Scotland are well suited to sheep farming and are almost completely denuded
of their natural vegetation, arguably more so than any other part of the UK (Ashmole and
Chalmers 2004). Ironically, however, there may currently be more tree cover in southern
Scotland than at any time over the last two thousand years. However this tree cover is pre-
dominantly even-aged, exotic-conifer plantations of Sitka spruce (Picea sitchensis) or lodge-
pole pine (Pinus contorta).

The Political Context of Restoration

Due to the rapid expansion of plantation monoculture, commercial forestry faced hostility
from environmentalists and the general public during the 1980s (Tompkins 1989). This
phase of afforestation was fuelled by tax incentives from the UK treasury, and the widespread
perception of forestry as a tax haven for the wealthy, at the expense of landscape and habitats,
resulted in a moratorium on conifer plantations in England and conflict between environ-
mental NGOs, the state, and the private forestry sector (Ramsay 1997). Concurrently there
was a developing awareness of the threat to and decline of native woodland, specifically an-
cient woodland. The government’s conservation agency, the Nature Conservancy Council
(NCC), developed this awareness through research into the conservation and restoration of
Scotland’s native woodlands.

Individuals and groups unconnected with or disenfranchised from mainstream forestry
began taking positive action to put native woodlands back into Scotland’s landscapes and to
reconnect communities and the public with forests and trees from a less industrial and ex-
clusive perspective than was practiced by the state and private sectors. These groups in-
cluded Trees for Life (a “wild land” group with strong spiritual links) and the Loch Garry
Tree Group (a small group of individuals dedicated to establishing forests in remote High-
land sites). Throughout this evolution of social and environmental forestry in Scotland, Re-
foresting Scotland (an environmental NGO) acted as a catalyst for alternative forestry
thereby raising the profile of native woodland habitat restoration and championing the res-
toration of the “Great Wood of Caledon.” The first community-owned woodland in Scot-
land (out with Common Land holdings) was bought in 1986 by Borders Community Wood-
land, and this provided a model for developing local community involvement in woodland
ownership and management.

Restoration Through the Wildwood Group

Against this backdrop of changing attitudes and perceptions against commercial forestry, a lo-
cal group called Peeblesshire Environment Concern (PEC) was established in 1986. It com-
prised people with varied background and skills who were concerned that large tracts of hill
land in southern Scotland contained only a small portion of its former biodiversity. They also
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believed that campaigning in the developed world to halt tropical deforestation in develop-
ing countries was hypocritical in the absence of practical action to restore native forests in the
United Kingdom. 

The conceptual basis of creating a wildwood grew out of a conference held in the Scottish
Borders in 1993 (Ashmole 1994) and crystallized in 1995 with the formation of a Wildwood
Group. In 1995 the Wildwood Group initiated a search for a suitable area of land. There
were four criteria for site selection: (1) the site should constitute a discrete visual and ecolog-
ical entity; (2) it should be on the order of eight hundred hectares (two thousand acres) in ex-
tent; (3) it should rise to at least six hundred meters; and (4) it should not contain large
conifer plantations or intrusive human-made structures. As a response to large-scale funding
from the National Lottery, the Millennium Forest for Scotland Initiative (MFSI) was created
in 1995 to disburse monies to organizations and local groups. Borders Forest Trust (BFT) was
created in 1996 to act as a conduit for the MFSI funding and to bring together groups and in-
dividuals whose objectives were the re-creation of a woodland culture through community
and habitat restoration projects (Jeanrenaud 2001). The Wildwood Group was a founder
member of BFT and has retained a distinctive and devolved position within the organization.
The Wildwood Group’s mission is set out it the Carrifran Wildwood Policy Statement, 30
March 2005: “The Wildwood project aims to re-create, in the Southern Uplands of Scotland,
an extensive tract of mainly forested wilderness with most of the rich diversity of native
species present in the area before human activities became dominant. The woodland will not
be exploited commercially and human impact will be carefully managed. Access will be
open to all, and it is hoped that the Wildwood will be used throughout the next millennium
as an inspirational and educational resource.”

The Wildwood Site
The Wildwood Group investigated approximately ten sites within the Ettrick Forest area in
detail, and Carrifran Valley was selected on the basis of its availability and suitability. Car-
rifran valley lies in the west of the Moffat-Tweedsmuir Hills in the central Southern Uplands
of Scotland. These hills form the western part of the area traditionally known as Ettrick
 Forest. 

Carrifran is a spectacular U-shaped valley, carved by glaciers out of the Ordovician-
 Silurian rocks of the Tweedsmuir and Moffat Hills. It straddles the marches of Dumfriesshire
and Peeblesshire (Scottish county boundaries). The valley extends to 670 hectares (~1650
acres), rising from 180 meters near the Moffat Water to the 821-meter summit of White
Coomb, one of the highest points in the area. It lies entirely within the Moffat Hills Special
Area of Conservation (SAC) site, which is scheduled under a European Union Designation
for its geomorphological interest and for the arctic-alpine plants. These rare plants survive
mainly on the highest crags and ledges, while the lower part of the valley was almost entirely
denuded of its natural vegetation. Instead of a wide range of native woodland, montane
scrub, and heathland habitats, the valley contained impoverished grassland, overgrazed
heather, and eroded bare ground, with only a few relict trees to indicate that woodland ex-
isted in the past. 

Negotiations with the landowner, a businessman and farmer, concluded with an option to
buy the valley. This would represent approximately one-third of the farm at a price equivalent
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of £388,000 (US$720,083). This money was raised by the Wildwood through private sub-
scription. No public (government) money was used in the land purchase, and six hundred in-
dividuals, as Wildwood “Founders,” contributed sums of £250 ($474) to £35,000 ($66,323)
per person. A further eight hundred individuals donated smaller sums (< £250 [$474] per
person) with the result that the Borders Forest Trust Wildwood Group took possession of Car-
rifran on the first day of January 2000. 

The discovery in 1990 of a bow, the Rotten Bottom Bow, found on peat hags (Rotten Bot-
tom) at a height of 660 meters, is significant. The bow is the oldest found in the UK, dated to
the Early Neolithic (4040–3460 BC) and was broken and presumably discarded by a hunter.
The bow is on display in the new Museum of Scotland in Edinburgh. As a result of this dis-
covery, an analysis of the fossil pollen at Rotten Bottom was conducted by Tipping (1998),
providing the longest unbroken sequence known from any upland British site, recording
plant assemblage data back to the end of the last ice age, some 10,000 years ago. The discov-
ery of the yew bow and the subsequent palynological work contributed to understanding
woodland composition in the Neolithic era and provided the Wildwood project with guid-
ance for woodland restoration.

The Restoration Approach
The objectives in creating a wildwood can be interpreted as restoring the land within Car-
rifran Valley to a state of natural woodland. Defining which type and state of natural wood-
land that could or should be developed in Carrifran valley was the subject of much academic
and practitioner debate. In the Scottish Highlands, southern England, or much of Continen-
tal Europe there may be no need to plant trees to establish new native woodland. Trees will
regenerate naturally as has been the case on abandoned agricultural land in northern Italy
(Conti and Fagarazzi 2005). In a regeneration scenario, local seed sources and pioneer tree
species such as birch and alder could be supplemented with colonizers of gaps and open
ground (e.g., oak). Restoring the natural capital of a site, which for millennia has been devoid
of its natural cover, presents a number of practical challenges; asking ecologists, botanists,
foresters, and geneticists to agree on a strategy for such a restoration added considerably to the
challenge. A conference held in the Royal Botanic Gardens of Edinburgh (Newton and Ash-
mole 1998) considered the merits of different ecological restoration paradigms to assist with
decisions. Various issues were discussed, such as the most appropriate tree species to be
planted, genetic considerations in tree provenance selection, the native woodland types to
mimic, the patterning and stocking of trees in the valley, the potential for reintroductions of
plants and animals, and the management of associated habitats. The restoration of native
woodland can take various forms, and the approaches are arranged approximately in de-
scending order of naturalness (after Hunt 2003):

1. Nonintervention (apart from control of grazing animals)
2. Expansion of existing seminatural woodland by encouraging natural regeneration

(through fencing, burning, scarification, and bracken control) 
3. Improving conditions of seminatural woodlands by active intervention (exotic conifer

removal, restructuring, and wetland restoration)
4. Expansion or species diversification of existing seminatural woodland by planting
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5. Conversion of Plantations on Ancient Woodland Sites (PAWS) to native species 
6. Conversion of other plantation woodland to native species
7. Creation of new native woodland by planting on bare land

Of the above approaches, only the last, “planting on bare land,” was a realistic option for
the Wildwood. The typology of natural woodland that could potentially be restored at Car-
rifran was outlined by Tipping (1998) and Peterken (1998), using UK-specific terminology
and knowledge of past woodlands. It consisted of (1) “past natural,” the woodland that would
have been on the site if people had never influenced the valley; (2) “present natural,” the
woodland occurring in the region at present; or (3) “future natural,” the woodland that would
develop if people left the site to natural processes. 

The establishment of new native woodlands is difficult due to a lack of knowledge and un-
derstanding of past woodland composition, structure, and function (Tipping 1998). The use
of present natural woodland is equally fraught, with many arguing that there are no surviving
woods in southern Scotland that can be usefully used as models (or reference sites) to mimic
ancient woodlands. It was decided that elements of all three woodland “states” would inform
the choice of woodland to be established at Carrifran. The original woodland (>6,000 BP
year before present) proposed by Tipping (1998) was dominated by hazel accompanied by
oak and elm on the drier glacial drift mounds and on the well-drained vegetated scree slopes.
Alder, birch, and willow would occupy the damper soils and stable alluvium, and Scots pine
may have occupied the colder east-facing slopes at higher elevations (tree line on poor soils).
Mid-elevations would have been occupied by hazel, birch, ash, rowan, holly, aspen, black-
thorn, and wild cherry. On the plateaux, juniper would have persisted with subalpine scrub. 

The Wildwood project opted to take a pragmatic approach to selecting woodland type
and tree-establishment techniques. The accessibility of recent palynological work from Car-
rifran and from sites nearby, combined with description and analysis of different woodland
communities provided by Rodwell (1991) as part of the National Vegetation Classification
System (NVC), allowed the project to develop a framework with which to plan woodland
species composition (Rodwell and Patterson 1994), spatial distribution, and structure.

The Restoration 

To date (September 2006) the Wildwood project has planted over 450,000 trees on approxi-
mately 280 hectares of land below 500 meters. Woodland types include birch woodland, up-
land oak-birch woodland, upland broadleaved woodland, and juniper woodland. The tree-
planting techniques, the stocking densities, and the random tree spacing have been done in
such a manner as to approximate natural woodland species composition and distribution and
was executed with minimal disturbance to soil and vegetation. 

The planting has been staged over a number of years with the first trees planted on 1 Jan-
uary 2000 and the major phase of valley bottom tree planting is due for completion in
2007–2008. 

Voluntary Effort

Much of the day-to-day management of the Wildwood site has been and is carried out by
paid BFT staff, and local contractors have carried out most of the physical work. It is notable
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that the Wildwood project comprises a large voluntary effort with respect to the planning,
fund-raising, management, and physical work. This voluntary effort has been coordinated
through the Wildwood Steering Group on behalf of the Wildwood Group, and it is this
group that has driven the restoration effort.

Voluntary contributions to the project can be measured in person hours of time con-
tributed by unpaid staff. Since 2000 there has been a volunteer day on the third Sunday of
each month, which can attract between six and thirty volunteers who contribute to site-based
tasks for up to six hours. Volunteers also assist in site management on a weekly basis, with an
average of five individuals attending for up to eight hours. There is a volunteer deer-stalking
rota of a dozen individuals who are prepared to carry out deer control at least four times a
year. There are also volunteer “boundary wardens” who are organized on a rota to ensure that
the high-elevation perimeter fence and internal fences are checked on a monthly basis. 

Taking the site-based input of volunteers and combining it with the thousands of hours it
takes to plan tasks, attend meetings, collect seed, organize conferences, represent Wildwood
at seminars, and contribute articles to journals, the voluntary input to Wildwood from a rela-
tively small community group is impressively large. The success of the project is the result of
this large-scale voluntary effort, a characteristic shared by various other conservation and res-
toration projects across the UK but not often on the scale of the Wildwood project.

Funding

As of June 2006, Wildwood had raised a total sum of £700,000 (US$1,328,660) from private
donors and trusts with contributions from approximately 1,800 individuals, of whom 615 are
Wildwood Founders and 233 are Wildwood Stewards. This level of fund-raising and the large
number of donors toward a relatively modest project in a small valley in the south of Scotland
is due to a number of factors: (1) the dedication and effort of the Wildwood Group and many
associated individuals and groups; (2) the visionary nature of the project; and (3) the assis-
tance from others in the sector, such as the John Muir Trust, who allowed BFT Wildwood to
fund-raise through their membership newsletter.

Challenges

The practicalities of creating a “wild” forested area in a highly artificial and intensively man-
aged landscape have posed a number of challenges. Like many forestry projects, getting trees
to grow in a hostile environment is not easy without a highly interventionist and mechanistic
approach. Conditions are aggravated by the fact that the removal of grazing stock facilitates
rapid grass and bracken growth, which compete with tree saplings. Wildwood has had to con-
tend with feral goats, sheep, roe deer, hares, and voles. The low-key “ecological” approach to
restoration adopted by the Wildwood group differs from mainstream forest establishment; the
cost of such an approach has been high tree mortality due to deer browsing and competition
from vegetation and, subsequently, slower establishment of trees. 

The physical challenges of the Carrifran site have been exacerbated by anthropogenic in-
fluence. The decision to remove all feral goats from the valley by the Wildwood Group
prompted an intense and vociferous local campaign against the Wildwood in 2000. Cam-
paigns against the removal or the management of wild, feral, and domestic animals are not
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uncommon in relation to restoration efforts in the UK. The arrival in the south of Scotland of
foot-and-mouth disease in 2001 meant delayed planting, negatively affecting some 30,000
trees and resulting in the exclusion of all management from the site for the better part of a
year. This exclusion of management resulted in high tree mortality from browsing roe deer
and unchecked weed competition. Muir burning, to remove rank grass and heather, is a fea-
ture of upland management in the UK, and in spring 2003 a fire set by the neighboring
farmer ran out of control and killed 10,000 trees. 

In spite of these challenges, trees planted in the valley are growing and the woodland is
progressing well. The establishment of trees in the valley will take a number of years and the
goal of minimal human intervention is not envisaged until post-2020. It is hoped that by that
time the valley will contain enough woodland to give the appearance and feel of a wildwood.

Contribution

The Wildwood project is an expression of the wider realization that in areas where natural
ecosystems have almost completely disappeared, conservation of surviving relict fragments
needs to be complemented by restoring natural capital through the establishment of habitats
that function without the intervention of humans. The Wildwood name and the Wildwood
ideal have provided an inspiration to people who wish to be associated with “wildness.” Many
of the people who donate to the Wildwood may never see or set foot in Carrifran valley but,
like those who contribute to saving rain forests and whales, they believe that an area of wild-
wood should exist. Donations to Wildwood are a response from many individuals in the UK
who wish to see an area of wild land restored in the British Isles. 

Dogged determination and self-belief in the “ecological cause” has characterized much
of the Wildwood Group’s efforts, and the project has shown that a community group can un-
dertake the large-scale restoration of natural capital and provide inspiration to many.
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Chapter 15

An Adaptive Comanagement Approach to
Restoring Natural Capital in Communal 

Areas of South Africa 

Christo Fabricius and Georgina Cundill

South Africa’s communal areas are home to the majority of its rural population (Shackleton
et al. 2000), many of whom rely heavily on natural ecosystem services (Cavendish 2000). For
some inhabitants the income from natural resources comprises up to 35% of their household
income (Rangan 2001). This “invisible economy” (Campbell and Luckert 2001) often forms
the backbone of people’s livelihoods in remote rural areas where jobs are scarce. Indeed, nat-
ural capital is an important buffer against economic, ecological, and political change
(Shackleton and Shackleton 2004a). Nowhere is the interdependent relationship between
people and natural capital more evident than in communal areas where traditional knowl-
edge, local institutions, management practices, and ecosystem services and functioning are
intertwined (Fabricius et al. 2004). To rural communities this connection is obvious, as eco-
systems form part of their identity by providing ancestral links, “shopping centers,” and
sources of spiritual inspiration. In many traditional societies, local knowledge systems have
coevolved with ecosystems, and complex sets of local rules have developed around the man-
agement and maintenance of ecosystem services (Berkes 1999; chapter 16). 

Many of southern Africa’s communal areas have, however, suffered from social, institu-
tional, and ecological degradation (Ainslie 1999; Hoffman and Ashwell 2001). The reasons
are complex and relate to the following factors:

1. The high human population density in communal areas resulting from forced re-
movals and other forms of social engineering during the apartheid era (Hoffman and
Ashwell 2001)

2. Weak tenure security in communal areas, where land belongs to the state and local
communities have use rights but not ownership (De Wet 1995)

3. The complexities of common pool resource management when infrastructural and
local management capacity are weakly developed (Oström et al. 1999)

4. The virtual collapse of local institutions, such as traditional leadership structures and
their accompanying codes of conduct, in South Africa’s communal areas (Manona
1998)

5. The legacies of political and economic policies and interventions, which precipitated
the collapse of local institutions and undermined customary land management prac-
tices (Ainslie 1999)
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6. Weak technical and financial government support, for example, a collapse of agricul-
tural extension services following decades of heavy-handed intervention in rural agri-
culture (Cundill 2005)

In addition, land degradation makes people vulnerable to change, consumes time, and
decreases material well-being (iKhwezi 2003). Clearly, the restoration of natural capital
could mitigate land degradation and associated social problems. However, high population
densities, lack of security of tenure, and low income levels frustrate individual initiatives. It is
therefore important for communities together with government and nongovernment institu-
tions to develop policies and strategies to restore natural capital in communal areas, as failure
to achieve this will negatively affect the well-being of millions of South Africans.

The aims of this chapter are to provide a rationale for natural capital restoration in com-
munal areas by documenting its importance for human well-being and to provide a frame-
work for natural capital restoration. We focus on the indirect and intangible values of natural
resources, as these aspects have been neglected in the academic literature (MA 2005e); ex-
amples are mainly from the Eastern Cape. Our proposed framework for intervention is qual-
itative, based on experience and lessons learned during scores of case studies conducted over
more than a decade in southern Africa’s communal areas (e.g., Fabricius et al. 2001, 2004).

Is Natural Capital Important to People in Communal Areas?

In most communal areas, “off-ecosystem” sources of income—for example, money sent by
family members working in cities, and from social grants and jobs—contribute the lion’s
share of formally recorded household incomes (Palmer et al. 2002). It might therefore appear
relatively easy to discount the role of ecosystems in rural livelihoods on the basis of their com-
paratively small contribution. Records of household incomes, however, do not take into 
account the value of “free” services, and they disregard the important nonfinancial services
provided by ecosystems at critical times (Campbell and Luckert 2001). Economists, policy-
makers, and planners therefore undervalue ecosystem services in communal areas (Cousins
1999).

The Direct Economic Value of Ecosystem Services
The direct value of ecosystems in the form of fuelwood, building materials, medicinal plants,
implements, and food is well documented for communal areas (Rangan 2001; Cocks et al.
2004). These “everyday” or “informal” resource uses (Shackleton and Shackleton 2004a;
chapter 17) are often central to the livelihoods of the very poorest rural people. The value of
everyday resources is conservatively estimated at US$550–$600 per household per annum,
equal to or exceeding that of an old-age pension or disability grant (Shackleton and Shackle-
ton 2004b). 

Livestock is another important form of capital in many southern African communal areas
(Cousins 1999). The value of 7,670 cattle units in a rural settlement in the Eastern Cape was
calculated at more than $3 million (iKhwezi 2003). Cattle and other livestock are integral to
communal-area management, institutions, and traditions. They function as a “bank” while
also providing food, traditional medicines, fuel (from dung), and traction to plough fields.
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Buffer Resources During Crises
Although certain resources may have a low direct-use value, as they are infrequently used or
not part of daily livelihood strategies, they may nevertheless be critical during crises. For ex-
ample, natural stream usage is declining due to substitutes such as piped tap water (Shackle-
ton et al. 2000), and it may be easy to discount their current value. However, when municipal
water supplies periodically fail, people return to natural water resources. Similarly, when
households cannot afford electricity or paraffin, they use fuelwood for heating and cooking.
Livestock are another key buffering resource in rural livelihoods in South Africa; their
slaughter or sale is reserved for food crises, financial crises, and ancestral rituals (Rhodes Uni-
versity et al. 2001). For this reason the condition of the rangeland ecosystem in communal
areas is important to local people. 

At Mount Coke State Forest, communities participating in a forest monitoring program
listed twenty items supplied by the forest’s natural capital (including building materials,
bushmeat, fungi, and fruit, as well as religious and cultural values) that were vital to their
livelihoods. Many of these products were infrequently used and would therefore have low di-
rect-use values in standard economic analysis. In fact, the local people considered that cer-
tain products, even infrequently utilized, were as important as those in daily usage (Rhodes
University et al. 2001). People use a wide variety of food sources, and in times of scarcity even
eat insects, seeds, and leaves not normally included in human diets (Madzwamuse and Fabri-
cius 2004). In addition to obtaining food from the wild or buying it, surveys at Mount Coke
indicated that 94% of households maintained home gardens, cultivating thirty-three types of
crops (Cundill 2005). 

Strengthening Social Capital Through Customs and Traditions 
Local traditions, such as ancestral veneration, initiation ceremonies, traditional healing, and
rituals, are difficult to value but are essential for maintaining social cohesion and a sense of
identity (Berkes 1999). Natural ecosystems are vital for providing the basis of these traditions,
with most rituals directly linked to ecosystem services. 

Natural ecosystems also provide a “sense of place” to local communities. In the Kat River
valley, for example, wild olive trees and the complex landscapes associated with them were so
highly prized that the local people were unwilling to be relocated or sacrifice these trees (H.
Fox, personal communication). 

Diversifying People’s Livelihoods
Rural people in communal areas engage in diverse livelihood strategies (Scoones 1998;
Campbell et al. 2002), enabling them to be flexible and to cope with the risks associated with
living in a communal African area (Ellis 2000). Natural resources such as fuelwood, building
materials, food, and artifacts obtained from ecosystems make a major contribution to liveli-
hood diversification (Shackleton et al. 2000), as do livestock and crops (Timmermans 2004).
At Nqabarha, for example, 79% of the fifty-eight tree species were identified as having some
use, and 28% had multiple uses (McGarry 2004). For this reason, a landscape mosaic of old
fields, pastures in different successional stages, and dense forest patches provide a rich array
of goods and services. 
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How People Are Affected When Natural Capital Becomes Degraded 

Despite households relying on many different income sources and livelihood strategies, eco-
system degradation can have severe consequences, as people lose access to essential renew-
able natural resources of substantial financial value. For example, in the Eastern Cape’s
Emalahleni District, land degradation has lead to major livestock losses (iKhwezi 2003). Fur-
thermore, land degradation can affect social capital as local institutions weaken or strengthen
in response to the condition of the natural resource base. 

When natural capital is lost, people are forced to invest more time collecting fuelwood,
medicinal plants, and construction materials. At Pikoli in the Peddie District, the density of
preferred fuelwood species (sneezewood and sweet thorn, Acacia karroo) decreases linearly
with distance from the edge of the village (Biggs et al. 2004). Hence, women, who have the
role of collecting fuelwood, have to walk long distances and complain that it is more difficult
to find than in the past (Ainslie 2003). Another effect of forest degradation is reduced ground-
water recharge, with participatory workshops revealing that natural spring water availability
in the communal area has decreased over the past three decades, relative to that in the state
forest (Rhodes University et al. 2001). Food security in rural areas is also compromised by
crop failures, wildlife scarcity, and stock losses, resulting in greater reliance on home gardens
than on pastures and large fields. At Macubeni, people commented that medicinal plants
had become so scarce that it was not possible to treat their livestock, let alone people (Fabri-
cius, Matsiliza, et al. 2003). 

Other more indirect impacts of land degradation are emigration of economically active
people from the community; loss of pride, identity, and traditional ecological knowledge; in-
stitutional collapse; and, ultimately, rural stagnation and poverty. The combination of these
negative impacts can allow a degraded rural area to enter into a self-perpetuating cycle of in-
stitutional neglect and reduced government support. 

Interventions Can Restore Natural Capital in Communal Areas

Land use in the communal areas of South Africa is embedded within a history of state inter-
vention, subsequent political isolation, and more recently in improvements in basic service
delivery (Cundill 2005). An understanding of the history of dispossession and alienation of lo-
cal people from their daily utilized resources should guide the search for appropriate inter-
ventions and strategies for resource management. 

Despite South Africa’s complicated history of communal areas, it is possible to halt or
even reverse natural capital degradation. No single organization such as an NGO, however,
has the capacity to achieve this, nor is it conceivable without the cooperation of the people
who use and interact every day with the natural resources. The answer lies in adaptive co-
management, that is, a partnership between local communities, government, municipalities,
technical advisors, and funders. 

An Adaptive Comanagement Approach to Restoring Natural Capital
Adaptive comanagement, defined as “an inclusive and collaborative process in which stake-
holders share management power and responsibility” (Carlsson and Berkes 2005, 73), is based
on the principles of cooperative governance, with direct community involvement in decision
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making (Olsson et al. 2004). The incentives for adaptive comanagement are (1) the realization
by local people that natural capital is becoming scarce, as a result of overuse of resources by lo-
cals and outsiders, reduced government capacity to provide technical assistance, and climatic
change; (2) local concern about insecure land tenure arrangements in communal areas. 

At this time there is the potential to capitalize on the lessons learnt from more than a de-
cade of participatory natural resource management, including community conservation
(Hulme and Murphree 2001), social ecology (Fabricius 2003), integrated conservation and
development (IIED 1994), community wildlife management, and community-based natural
resource management (Fabricius et al. 2004). These initiatives often appear to be discredited
for lack of delivery to communities and poor biodiversity conservation track records
(Magome and Fabricius 2004). However, adaptive comanagement holds promise to improve
on conventional community conservation interventions, mainly because it is community
driven, focuses on the capacity of ecosystems to produce goods and services rather than on
biodiversity conservation per se, draws on the knowledge and capacity of support networks at
different levels, and relies on adaptive learning and monitoring rather than a blueprint ap-
proach. The two examples that follow show how rural communities and other institutions
combined forces to restore the natural capital, resulting in improved benefit flows to com-
munities from clean water and tourism-based livelihoods.

At Macubeni in the Eastern Cape, local communities have mobilized themselves around
a vision of sustainable natural resource use and ecosystem restoration, articulated as “a better
life for all, by managing our natural and manmade resources sustainably, in order to improve
our livelihoods, health, education, and economy, while still maintaining our traditional cul-
ture and values, so that there will be a brighter future for the people of Macubeni” (Fabricius
and McGarry 2004). A land use planning steering committee has been formed, overseeing
the development of a long-term land use plan. Local people are organizing themselves to re-
store the severely degraded watershed around the Macubeni dam with the assistance of a
project steering committee, comprising twenty-eight community representatives, two local
municipalities, and local government departments concerned with agricultural, environ-
mental, health, and economic issues. In conjunction, a university research program is help-
ing with fund-raising and facilitation, technical support, capacity development, and lobbying
for resources.

On the Wild Coast of the Eastern Cape, community action has led to the formation of a
community tourism organization, a community-based conservation plan, and emerging part-
nerships with the private sector. A community trust and three institutions created by the local
community, that is, a forest management committee, a craft production committee, and a
medicinal plant user’s group, fall under the umbrella of the Nqabarha Development Trust.
They have zoned their land to register a conservancy; formulated rules and penalties for 
community-based law enforcement; and developed strategies for income generation, fund-
 raising, and training. The community has also established a vegetable and medicinal plant
nursery and a craft workshop, with plans to put certain tourism opportunities out to tender to
private investors. The local municipality, Rhodes University, the national government, and
the German agency for technical cooperation, Deutsche Gesellschaft für Technische
Zusammenarbeit (GTZ), support their work. 

These initiatives are, of course, not without their problems, including high turnover of of-
ficials, weak capacities of all stakeholders to participate meaningfully, and communication
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problems (Fabricius and McGarry 2004). There are also many unknowns, such as how peo-
ple will deal with conflicts centered on benefit flows once real revenue is generated, whether
the business side will be managed appropriately, and if efforts can be sustained when the cur-
rent intensive facilitation levels are reduced. There is, however, hope that the local munici-
palities will play a central role in sustaining these social, economic, and restoration initiatives
once their capacity has been strengthened and their roles clarified.

Guidelines for Adaptive Comanagement
Through trial and error over more than a decade of applied research and learning (Fabricius
et al. 2001; Fabricius, Matsiliza, et al. 2003), a number of guidelines for adaptive comanage-
ment of restoration initiatives in communal areas have been developed. This checklist of is-
sues to be addressed for reducing the incidence of failure is based on ten design principles: 

1. Conceptualize the system as integrated, complex, and adaptive. Social-ecological 
systems respond to feedbacks at different spatial and temporal scales, for example,
contemporary and historical political trends, policy changes, climatic fluctuations,
ecosystem shifts, and macroeconomic trends, as well as localized availability of infra-
structure, labor, and alterations in land tenure. To understand these feedbacks and
interactions it is useful to start by constructing a provisional model as an abstraction
of the complex and adaptive nature of the system.

2. Combine formal and informal sources of knowledge and information. Local knowl-
edge can make a valuable contribution to validate initial conceptual models. During
the process of collecting information, it is essential to broaden local awareness about
natural capital trends, as well as to reassure the role of local people and the value of
their traditional knowledge for restoring ecosystems. Local knowledge must, how-
ever, be validated and combined with formal knowledge. Combining low technol-
ogy methods, such as participatory mapping, with high technology computer tech-
niques, such as geographic information systems (GIS), is very useful for delineating
land boundaries, recording trends in land use, and affirming land and resource own-
ership and  access.

3. Identify stakeholders in advance and work closely with them. Adaptive comanagement
requires the development of strong horizontal and vertical social networks between
participating individuals and organizations. Strong and functional networks reduce
vulnerability through redundancy, while strengthening the resilience and stability of
comanagement initiatives. Those stakeholders who are directly affected by the out-
come of the initiative, or have claims to access or ownership, are the preferred partic-
ipants in these social networks.

4. Agree on a clear and shared vision. The participation of visionaries at all levels of the
adaptive comanagement process is essential. All stakeholders should agree on a fu-
ture vision of the social-ecological system’s condition, which should be jointly devel-
oped and reaffirmed in every document and at every occasion. A shared vision will
usually combine ecological and socioeconomic benefits, while referring to the link
between livelihoods and ecosystem management. 
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5. Ensure that the benefits are understood and shared by all stakeholders. The benefits
from restoration are mostly indirect, intangible, and long term. It is, however, vital
for primary stakeholders to experience tangible short-term benefits, such as tempo-
rary employment, poverty relief grants, infrastructural repair, or markets for ecosys-
tem products. Other rewards may include conflict reduction and newly acquired
skills provided through stakeholder participation. From the outset, however, all
stakeholders should understand and accept that the real benefits from restoration are
longer term. There is, however, a risk of creating dependence on interim benefits
such as poverty relief grants. Project managers should acknowledge this and develop
strategies to gradually reduce such dependency.

6. Identify key individuals to take responsibility for each major function. The seven key
functions in adaptive comanagement are (a) maintaining and affirming the vision;
(b) developing capacity; (c) harnessing knowledge and human resources; (d) moni-
toring, learning, and feedback; (e) maintaining the ecosystem; (f) maintaining and
administering comanagement institutions and organizational structures; and (g) fi-
nancial management and fund generation. Each of these functions should have at
least one highly motivated individual and an assistant, with the latter being able and
ready to take on the responsibility easily, if necessary.

7. Foster flexibility and diversity to reduce vulnerability and increase resilience. Most
adaptive comanagement initiatives are plagued by a lack of resilience and have of-
ten failed in their early stages due to the departure of key individuals, unexpected
changes in local and national politics, unmet expectations in relation to benefits,
or conflicts between role players. An effective mechanism to promote resilience is
to achieve human diversity and minimize the redundancy in stakeholders, develop-
ing highly motivated individuals and institutional structures while promoting a cul-
ture of learning and adaptive renewal. However, flexibility made possible through
human diversity may have disadvantages when attempting to attract large investors
who could be deterred, perceiving this necessary complexity as disorganization in
communal areas. Potential investors therefore need to be briefed in advance about
flexible strategies and procedures, while stakeholders should invest in a range of
restoration strategies and promote a variety of small enterprises. Similarly a number
of different sustainable land use options should be initiated to enhance landscape
and species richness.

8. Provide ongoing and professional facilitation. Experienced facilitators are needed to
manage conflicts before they escalate, break deadlocks, help role players with techni-
cal information, and assist with the formulation of plans and proposals, while sharing
their wider experiences. Adaptive comanagement is a complex and long-term pro-
cess, and hence facilitation should be ongoing. Although local governments are ide-
ally positioned to provide permanent facilitation services, they often lack the capac-
ity and human resources to fulfill these functions. The Emalahleni and Mbhashe
local municipalities, based in Lady Frere and Dutywa, respectively, employ only two
local economic development officers each, who have to assist hundreds of villages
with advice. A system of community development workers, intended to extend ca-
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pacity of the  municipalities at the village level, has recently been initiated and might
alleviate this problem.

9. Develop the capacity of all stakeholders to contribute meaningfully. Few natural re-
source professionals are trained to integrate economic, political, social, and ecologi-
cal processes. Their capacity to participate in adaptive comanagement must there-
fore be developed. Even more so, rural people are in greater need of engaging with
other stakeholders and capacity development, including maintaining and adminis-
tering organizational structures and funds. Local governments have only recently
been given natural resource management responsibilities and hence require much
capacity development in this field.

10. Monitor, learn, and respond to feedback. Adaptive comanagement is thus a form of
“learning by doing,” representing a perpetual cycle of action, monitoring, adapta-
tion, and response, which implies that the managers are integral to the system. Par-
ticipatory monitoring systems (Rhodes University et al. 2001) are an essential part of
any initiative, and consequently adaptive comanagement means that stakeholders
should frequently revise and adapt their plans, strategies, and approaches in response
to new information. 

Contribution

This chapter has shown that it is possible to restore natural capital in communal areas
through community-led adaptive comanagement. It is essential that participants recognize
the value of the natural capital; that is, the focus should be on ecosystem productivity and
livelihoods rather than on biodiversity conservation per se. The process should include broad
stakeholder involvement, constant monitoring and adaptation, and building and enhancing
the resilience of the social-ecological system through promoting adaptability and flexibility
in cooperative governance. Adaptive comanagement initiatives are, nevertheless, in their
early stages, and there are many unknowns, such as how communities will deal with in-
evitable conflicts caused when the material benefits start flowing; whether the social net-
works will function during economic and political setbacks, and if local government is com-
mitted to providing long-term facilitation services.
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Chapter 16

Participatory Use of Traditional Ecological
Knowledge for Restoring Natural Capital 

in Agroecosystems of Rural India

P. S. Ramakrishnan

Large areas of forest cover in the developing tropics have been converted to other uses or se-
verely degraded. These forests are the natural capital that provides subsistence livelihoods for
many people, the so-called traditional societies living close to natural resources. Of the esti-
mated 14.6 million ha yr–1 of global deforestation loss, 14.2 million ha occurs in the tropics
(FAO 2001). During 1980–1990, an estimated 15.4 million ha yr–1 of tropical forests and
woodlands were destroyed or seriously degraded, largely through agricultural expansion, ex-
cessive livestock grazing, logging, and fuelwood collection (FAO 1993). More recent evalua-
tions indicate that in tropical Asia secondary forests in various degradation levels (Chok -
kalingam et al. 2000) and a rapidly expanding plantation forestry sector (FAO 2001) are
steadily replacing the remaining primary forests. 

Globally, plantation forestry has become the most common replacement for natural
forests; the developing tropics are no exception. This is particularly significant since tropical
reforestation has not kept pace with logging (WRI 1985). Plantation forestry does have a role
to play in making productive use of degraded landscapes and meeting socioeconomic goals
(Lamb 1998; Parrotta 2001). Unfortunately, this conversion often means replacing species-
rich natural ecosystems with species-poor monocultures, usually of nonnative (or alien) tree
species. The long-term ecological sustainability and economic viability of such conversions,
particularly in the case of short-rotation, fast-growing species, remains doubtful. With alien
species, sustainability is also questionable due to possible invasiveness (Ramakrishnan 1991;
Ramakrishnan and Vitousek 1989). However, if carefully chosen, aliens can play a positive
role in catalyzing natural vegetation regeneration by improving soil conditions during the
initial phases of plantation or rehabilitation (Ewell and Putz 2004). Moving toward mixed
plantation programs that address biodiversity concerns and include multipurpose native
species traditionally used by local people can increase the value of restoration. 

These traditional societies are directly dependent upon forests for nontimber forest prod-
ucts (Patnaik 2003), and indirectly for many services to ensure food security (Ramakrishnan
2001). In many developing countries, rural forestry programs have played a vital role in sup-
plying societal needs, such as fuel, fodder, timber, and even organic residues for sustainable
agriculture. In addition, these forests provide numerous nontimber products, such as medi-
cines, spices, and lesser-known food items (Depommier 2002). It is unfortunate that at pres-
ent only a few well-known, mostly alien sylvicultural species are being planted in the name of
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agroforestry and rural forestry programs. These have little interest for rural communities be-
cause they lack options for multipurpose use, equitable distribution of benefits between rich
and marginalized farmers, or employment opportunities for the landless poor (see, for exam-
ple, chapters 15, 19, and 20). 

Thus, in a developing country context, community participation is essential during the
restoration process, particularly when involving societies with a rich traditional knowledge in-
tegrally linked to biodiversity and natural resource management. This is the context in which
traditional ecological knowledge (TEK) assumes significance for community participatory res-
toration of natural capital. TEK connects ecological and social processes when appropriately
linked with formal knowledge and can be incorporated into management systems, such as
cheap and decentralized water control. In this chapter, using case studies linked to soil fertil-
ity and water management, I will illustrate the vital role of participation in ensuring sustain-
able, landscape-level restoration of natural capital. 

Restoring Natural Capital by Integrating Various Knowledge Systems 

Many attempts to restore natural capital in India and other developing countries have been
based upon textbook ecological knowledge of ecosystem structure and function, tree biology,
and silviculture (Wali 1992; Lamb and Tomlinson 1994). Formal knowledge has been the
basis for designing restoration strategies, which implies that extrinsic actors are forcing the
changes. However, integration of formal and traditional ecological knowledge systems offers
a broader foundation for building natural capital through community participation (Rama -
krishnan 1992a, 2001).

Types of Traditional Ecological Knowledge (TEK)
Traditional ecological knowledge is largely derived through societal experiences and percep-
tions accumulated by traditional societies during their interaction with nature and natural re-
sources. While not excluding the universality of knowledge, TEK combines location speci-
ficity and a strong human element, with emphasis on social emancipation (Elzinga 1996).
The challenge is to achieve valid generalizations across socioecological systems.

There are three basic kinds of TEK: (1) economic—traditional crop varieties and lesser-
known plants and animals of food and medicinal value, as well as other wild resources; (2)
ecological/social—biodiversity manipulation for coping with environmental uncertainties,
hydrological control, and soil fertility management; and (3) ethical—unquantifiable values
centered on cultural, spiritual, and religious systems, operating on three scales: sacred spe -
cies, sacred groves (habitats), and sacred landscapes (Ramakrishnan et al. 1998). As TEK
links ecological and social processes, this discussion focuses on its relevance in soil fertility–
linked and water management–linked issues for restoring natural capital with community
participation.

Case One: Restoration of Shifting Agricultural Landscapes

For centuries, forest farmers in many tropical areas have managed a range of traditional shift-
ing (slash-and-burn) agricultural systems, including those known in India as jhum. In the
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past, these small-scale perturbations helped enhance forest biological diversity, while crops
and associated organisms benefited from the extra nutrients released. With increasing exter-
nal pressure on forest resources, larger populations, and declining soil fertility, forest cover is
rapidly being lost (Lanly 1982; FAO 1995) and agricultural cycles shortened, causing marked
productivity reduction and other negative impacts. Reduced system stability and resilience
can result in social disruption, biodiversity decline, biological invasions, increased CO2 emis-
sions, and long-term desertification. However, all current attempts for finding alternatives to
shifting cultivation have had little or no influence on farmers, and more holistic approaches
are required for tackling the complex issues involved (Ramakrishnan 1992a, 2003). 

A participatory approach was developed for finding sustainable solutions to the jhum
problem, which would contribute toward restoring natural capital. This approach was origi-
nally developed in the hill areas of northeast India, where large-scale timber extraction, in re-
sponse to external demand and increasing population pressure, has lead to livelihoods below
subsistence levels in highly degraded landscapes. 

Role of TEK in Landscape Restoration 
Natural capital restoration with community participation involves a more holistic approach,
which implies that sustainability needs to be viewed not only from a biophysical perspective,
but also from the livelihood angle in the social system. Jhum has a rich TEK embedded
within these cropping and forest-fallow practices in the northeastern hill region of India (Ra-
makrishnan 1992a). Besides the forest successional stages (climax and successional, broad-
leaved forest types, arrested bamboo and weed communities), there is a range of agroecosys-
tem types linked to jhum. These include wet-valley rice cultivation, traditional plantation
systems, and home gardens, which appear forestlike yet have been created by local people
and comprise economically important plants. Indeed, jhum is linked to forest ecosystems be-
cause slash and burn favors early successional plants. Therefore, an integrated view of natu-
ral and human-managed systems is needed if natural capital reconstruction is to be mean-
ingful to local people. Where one is seeking community participation, TEK is a powerful tool
because it links ecological and social processes and helps to design strategies for sustainable
land use.

The practices described here give some idea of the integration of TEK in this agro -
ecosystem: 

1. Jhum is a complex multispecies system with over forty crop species under longer cy-
cles and at least six to eight species under shorter ones. Based on experience, and to
optimize productivity, traditional societies plant nutrient-efficient crops higher up the
slope and less-efficient species along the bottom to match the soil fertility gradient.

2. During shorter cycles, nutrient-efficient tuber and vegetable crops are planted, while
less nutrient-efficient cereals require longer ones, which is an adaptation to soil nutri-
ent status under different cycle lengths.

3. Although all species are sown shortly after the first monsoon rain, harvesting occurs
sequentially during several months of maturation, which reduces interspecific compe-
tition. After harvesting, the remaining biomass, including weeds, is recycled into the
agricultural plot to maintain fertility. 
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4. Rather than “weed control,” jhum farmers practice “weed management.” Irrespective
of farmers’ sociocultural background or ecological conditions, about 20% of the weed
biomass is left in situ. Field trials have shown that it conserves nutrients, which other-
wise could be lost through erosion or hill-slope leaching, but it has no negative im-
pact on crop yield, 20% being below the threshold where weeds out-compete crops
for nutrients.

5. Earthworms form an important component of many traditional agricultural systems,
and farmers generally view them as keystone species and soil fertility indicators.

6. Nepalese alder (Alnus nepalensis) is conserved within the jhum system, and being
 nitrogen-fixing, it forms part of the traditional fallow-management practices. Other 
socially valued species, including bamboos (Dendrocalamus hamiltonii, Bambusa
tulda and B. khasiana), have been shown to conserve nitrogen (N), phosphorous (P),
and/or potassium (K), and locals consider such species attributes important during
forest-fallow selection.

Key Role of Socially Selected Species
The rich biodiversity in these agricultural systems contributes to system resilience and eco-
nomic productivity, yet the significance of key species has not been adequately explored. 
Certain species may be essential for managing primary and secondary forests at different
degradation levels (Ramakrishnan 1992a, 1992b) as well as increasing biodiversity in human-
managed ecosystems (Ramakrishnan, Purohit, et al. 1994). Socially selected species are often
key species, such as nitrogen-fixers, within the jhum ecosystem (Ramakrishnan et al. 1998).
For example, in many highly degraded areas, a lesser-known tuberous crop, Flemingia vestita
(Fabaceae), locally known as soh-phlong, is planted under a two- to five-year rotational fallow
system, with yields up to 3,000 kg ha–1 (Gangwar and Ramakrishnan 1989). Use of F. vestita
in the rotational bush-fallow system allows reduced slash-and-burn intensity, and the short-
ening of the jhum fallow cycle (Ramakrishnan 2001). By fixing 250 kg N ha–1 yr–1, this
legume ensures sustainability of these low-input agroecosystems under conditions of extreme
land pressure and low soil fertility. In addition, fallow management is made possible by vary-
ing organic residues and promoting earthworms (Senapati et al. 2002). 

A second example of the importance of socially valued species is the Nepalese alder used
by traditional societies in shifting agricultural plots (Ramakrishnan 1992a). Alder trees may
also be planted during the cropping and fallow phases, with an ability to fix up to 125 kg N
ha–1 yr–1, and a potential to recover 600 kg of N lost over a five-year cropping cycle; under nat-
ural fallow regrowth this would otherwise take a minimum of ten years. Besides soil fertility
improvement, during a five-year cycle alder can provide a cash income of US$100 ha–1 yr–1

(using a conversion rate of 45 rupees to 1 US$) for its timber, and up to $444 for the associ-
ated crops, compared to about $133 in its absence. There are no financial costs because the
only input needed for improving soil fertility and harvesting timber is the labor supplied by
the villagers themselves. Using this system, farmers can dispense with shifting agriculture as-
sociated with slash and burn, so that forest farming becomes sedentary. In addition, alder is
easily pollarded and agriculture can continue for up to three years before shading becomes a
problem for crop growth. 
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Participatory Jhum-Redevelopment Pilot Study
Jhum redevelopment, using participatory fallow management (Ramakrishnan 1992a), is be-
ing tested in the state of Nagaland as part of a decentralized village development plan (the
NEPED project) (NEPED and IRR 1999). Management of forest (Ramakrishnan 1992a) or
grass fallows (Lal et al. 1979), depending on the ecology, is a cost-effective alternative to shift-
ing agriculture. The major element for long-term success is that TEK and farmers’ percep-
tions of different tree species form the basis for tackling problems associated with the declin-
ing jhum cycle and natural resource degradation. Participation of local people is facilitated
by identification with such a value system.

Over a thousand villages have been organized into Village Development Boards taking
account of traditional organization of the given cultural group. Using this mechanism, the
highly mobile, shifting agricultural systems currently operating at or below subsistence level
are being redeveloped by strengthening the tree component that has been weakened because
of extreme deforestation. The basis for this natural capital reconstruction is the rich TEK of
these hill societies, with the Nagaland government aiming at augmenting traditional agricul-
ture rather than radically changing it. Indeed, alder-based agroforestry systems have been
maintained for centuries by some local tribes, such as the Angamis, which formed the impe-
tus for this initiative.

During preliminary trials about a dozen tree species were investigated in more than two
hundred test plots covering 5,500 ha. Subsequently, local-based trials have been carried out
by farmers in 870 villages, in a total area of about 33,000 ha (38 ha/village). In these plots, lo-
cal adaptations and innovations for activities, such as soil and water management, were em-
phasized, which lead to a three- to fourfold increase in agricultural productivity, in contrast
to a typical five-year forest jhum cycle ($133 ha–1 yr–1 ). It is too early to evaluate the eco-
nomic returns from timber sales, since governmental regulations forbid tree felling. A policy
revision that provides incentives for local people combining agroforestry with agriculture is
clearly needed. 

In summary, the objective of the NEPED program is to redevelop the agricultural com-
ponent (jhum system) with greater productivity and diversified cropping patterns for a better
quality of life, while accelerating forest successional processes through human-mediated,
 fallow-management procedures and improving forest biodiversity. 

Case Two: Water as an Incentive for Natural Capital Restoration

During a research agenda initiative for the Indian Himalayan region, scientists and develop-
mental agencies produced a long list of activities whereas participatory interaction with local
communities identified one critical issue, namely, dry-season water availability. Water was
identified as a key element for a community-participatory restoration program, as the annual
average rainfall of 1,200 mm could vary between 300 and 2,400 mm (Ramakrishnan 1992a).
Indeed, many of the Himalayan rural societies have traditional water-harvesting and distribu-
tion technologies (Agarwal and Narain 1997), which are unfortunately disappearing under
modern influences. 

By reviving available water-harvesting systems and capturing rainy-season surface runoff,
supplemented by subsurface seepage into rainwater tanks lined with high-density polythene
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(Kothyari et al. 1991), a variety of ecosystem restoration/redevelopment efforts could be com-
bined, which elicited enthusiastic community participation. Traditional water-harvesting res-
toration was inexpensive, as the communities had the infrastructural facilities and supplied
the labor freely, while polythene-lined tank construction was US$200. 

Participatory Bamboo-based Plantation Forestry
At higher elevations in the Kapkot region of Kumaon Himalaya, in the central Himalayas, a
number of early successional bamboo species are important for local communities (Rama -
krishnan, Purohit, et al. 1994), including Thamnocalamus apathiflorus, T. falconeri, T. jaun-
sarensis, and Chimonobambusa falcata (ringal). Due to overexploitation of wild bamboos
and lack of knowledge about cultivating them, these species were in short supply, causing
conflict among the villagers. In a short period of time, a cooperative project focused on bam-
boo restoration successfully involved over a hundred local villagers. Both pure and mixed
stands of bamboos with other broad-leaved species, occurring on private land and village
commons, were considered for social and plantation forestry. Subsequently, this effort was ex-
tended to planting bamboos along field edges. 

The four, locally available, broad-leaved tree species identified for mixed plantation sys-
tems were oak, Quercus leucotrichophora, a fodder and fuelwood tree; walnut, Juglans regia,
with edible dry fruits and of medicinal and natural dye value; horse chestnut, Aesculus indica,
a fast-growing fuelwood tree that enhances soil fertility; and ash, Fraxinus micrantha, used for
making agricultural implements and household items. An additional important component
for landscape restoration was the introduction of medicinal plants (Picrorhiza kurrooa, Orchis
latifolia, Angelica glauca, Thalictrum foliolosum, Mentha arvensis, Rheum emodi, Aconitum
heterophyllum, Swertia chirata, and Nardostachys jatamansi). 

Based on intensive interactions with local communities, water was identified as a limiting
factor for landscape restoration. As these communities lacked traditional water-harvesting sys-
tems, dugout water-harvesting tanks were constructed. As an experiment, about ten hectares
of land were “restored” in one year with voluntary local labor. The local communities gained
economic benefits (table 16.1), though the longer-term implications of this project require a
detailed cost-benefit analysis. 

Agriculture-linked Forestry Plantation in Village Common Lands
By participatory appraisal, water was identified as a key resource in short supply at Banswara
village in the Chamoli District of the central Himalayas. Most of the villagers (87% of those
questioned in 256 households) wished to be involved in the rehabilitation planning, as they
had lost confidence in the government-sponsored village council, and, indeed, mass partici-
pation is more effective for conflict resolution. By contrast to government-sponsored tree
plantations, using barbed-wire fenches and costly stone-wall trenches for protection, the vil-
lagers opted for cheaper social fencing (a community decision to recognize grazing or any
other encroachment as an offence), complemented by biofencing (use of the alien, fiber-
yielding, nonpalatable Agave americana). On the whole, community participation ensured
successful rehabilitation in a cost-effective way, in spite of fears of government annexation to
achieve its 66% target of land set aside for forest as part of the national forest policy. 
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Ten tree species, chosen by the community as a whole, formed the basis for mixed planta-
tions, and included Dalbergia sissoo, Ficus glomerata, Grewia oppositifolia, Albizia lebbek,
and Alnus nepalensis. These multipurpose tree species contrast with the Pinus roxburghii
plantations established earlier by the government (through formally elected village councils)
and which proved of little direct value to local communities. Availability of dry-season water
has improved soil fertility status under the mixed plantations (table 16.2) and increased local
economic benefits (table 16.3). 

Community Participation in Restoration Through Adaptive 
Socioecological Management

Traditional societies in the developing tropics view themselves as an integral component of a
cultural landscape that they create around them, based on the socioecological conditions in
which they operate. If the social dimension complexities in a country such as India are 
superimposed on the physical template, the issues involved become more complex. All land-
use systems within a given landscape, both natural and human managed, should be consid-
ered in any integrated management plan. Such a multifaceted and participatory manage-
ment plan obviously requires detailed knowledge of local people, their needs, and how they
interact with their environment. Developmental organizations need to be sensitized to these
approaches.

Understanding the processes operating within and between social and ecological systems
from an agricultural plot and family level up to the landscape and community level is highly
complex. This can be achieved only by an interactive, and hence participatory, process of ex-
changing ecological and social information (figure 16.1). This information provides the
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table 16.1 

Ten-year, cost-benefit analysis of plantation in the
Kapkot region of Kumaon Himalayas 

Item Total in US$

Costs
Plantation 1,666.67
Maintenance1 2,308.89
Total cost 3,975.56

Benefits
Fodder 4,066.67
Bamboos2 122.22
Medicinal plants3 800.00
Total benefit 4,988.89

Cost:benefit ratio 1.25

Source: Ramakrishnan, Purohit, et al. 1994.
Note: Rupee (Rs) values have been converted to US$ at the rate of Rs45
per US$.
1Includes expenditure for medicinal plants ($0.03/ha).
2The actual cost of the bamboo is not included; values are only the fees
that would have been charged by the forest department for collection of
bamboos from the wild; with bamboo cultivation, this resource is per-
ceived as a free commodity accessible to the farmers. 
3Returns are from only 0.03 ha area where medicinal plants were
planted.
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framework for identifying the critical catalysts and incentives to mobilize community
 restoration. 

Contribution

Traditional ecological knowledge (TEK) links ecological and social processes, catalyzes sus-
tainable management, and provides a value system for natural capital that traditional soci-
eties understand and appreciate, including participatory species selection. TEK provides
strong incentives for community participation in restoration of natural capital, as demon-
strated by two case studies. Through these South Asian case studies, we have shown that so-
cially valued plant species can be equivalent to ecological keystone species within a given
ecosystem (Ramakrishnan et al. 1998). Integration with “formal” knowledge-based ap-
proaches to forest ecosystem management, such as sylvicultural practices, is still possible (Ra-
makrishnan et al. 1982; Ramakrishnan 1992b; Shukla and Ramakrishnan 1986). Commu-
nity identification of water as a critical resource for their livelihoods is reasonable since long
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table 16.2 

Soil characteristics before and after five years of rehabilitation, Banswara village, 
Chamoli District, central Himalayas 

After rehabilitation

Characteristic (%) Before rehabilitation Irrigated system Unirrigated system

pH 6.40±0.05 6.27±0.05 6.20±0.03
Water-holding capacity 21.49±0.87 37.04±0.65 27.20±0.60
Organic carbon 0.83±0.04 1.57±0.05 1.16±0.05
Total nitrogen 0.03±0.01 0.05±0.01 0.05±0.01

Source: Maikhuri et al. 1997.
Note: Mean±standard deviation.

table 16.3 

Monetary inputs and outputs of land rehabilitation in the Banswara village, 
Chamoli District, central Himalayas 

Costs or benefits (US$)

With water Without water

Inputs
Tools and implements 37.78 39.78
Water-harvesting tank (material costs) 175.07 0.00
Labor 1,214.09 1,153.78
Other costs, including transport, insecticides 80.00 33.33
Total 1,506.93 1,226.89

Outputs
Wood and fodder 353.33 201.11
Agronomic yield 2,471.89 1,152.53
Total 2,825.22 1,353.64

Net return over five years 1,318.29 126.76
Cost:benefit ratio 1.87 1.10

Source: Ramakrisnan, Purohit, et al. 1994. 
Note: Rupee (Rs) values have been converted to US$ at the rate of Rs45 per US$.
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dry periods typify the tropical Asian monsoon climate (Ramakrishnan, Purohit, et al. 1994;
Ramakrishnan, Campbell, et al. 1994).

Institutions play a key role in ensuring effective community participation (Ramakrishnan
2001). For this reason, it is essential for the success of participatory natural capital restoration
and other development and conservation initiatives that local institutions be based on cul-
tural traditions from the very beginning. 
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Figure 16.1. Integrative socioecological system approach toward sustainable natural resource man-
agement of traditional societies.
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Chapter 17

Overcoming Obstacles to Restoring Natural
Capital: Large-Scale Restoration on the
Sacramento River

Suzanne M. Langridge, Mark Buckley, and Karen D. Holl

The floodplain forests and wetlands that are the natural capital of the Sacramento River, the
largest river in California, have been lost and damaged by deforestation, river canalization,
dam building, and water diversion. Restoration of these riparian ecosystems is a crucial goal
for improving important ecosystem services, such as water quality, fisheries, and terrestrial
wildlife habitats (Postel and Richter 2003). The Sacramento River, a critical breeding and
migratory habitat for wildlife, is essential since only 4% of the original riparian forest remains
due to hydrological changes and deforestation for agricultural development. However, the
amount and pattern of riparian restoration is shaped by competing uses of the floodplain and
river, such as water supply, flood control, and agricultural land, and restoration success is fur-
ther influenced by stakeholder perceptions and socioeconomic dynamics.

In this chapter, we discuss the Sacramento River restoration project as an example of the
biological, physical, and social barriers and bridges that can exist when attempting large-scale
riparian restoration (Gore and Shields 1995; Wohl et al. 2005). Large-scale river restoration
must take into account the complex social and biophysical interactions that occur between
different patches across landscapes. For example, stakeholders bring multiple frames of refer-
ence to restoration projects, including reasonable objections to restoration and valuing natu-
ral capital (Pahl-Wostl 2006). Although restorationists generally view restoration as having
only positive effects, many stakeholders view it as having local negative effects. Whether
these negative effects are real or perceived, large-scale restoration projects must incorporate
these concerns as part of their research and management programs. We discuss potential
methods for restoring the Sacramento River, the conflicts that have arisen due to perceived
negative impacts, and methods for resolving these conflicts. We also discuss the lessons
learned and how they may be applied to other restoration projects facing social conflicts. 

Historical Perspective on the Natural Capital of the Sacramento River

The Sacramento River originates in the Klamath Mountains of northern California (figure
17.1) and is bordered by the Coast Ranges on the west and the Sierra Nevada to the east, both
of which supply many tributaries. The river descends from the mountains into the upper
Sacramento Valley, where it flows across a broad flat floodplain. Historically, during winter
storms, the river regularly spilled over into flood basins, causing inundation up to eight kilo-

146

ch17:IP_Aronson  5/14/07  10:29 AM  Page 146



meters on either side. During major flood events, the upper Sacramento River valley filled
with sediment-rich waters that formed natural levees where riparian forest flourished. These
natural levees also prevented many of the tributary streams from entering the Sacramento
River, and instead distributed the water into extensive wetlands that filtered water and stabi-
lized river flows (Thompson 1961).

Before European settlement, the expanse of riparian forest and the heterogeneity of habi-
tats along the Sacramento River led to a diverse biota. The valley was rich in wildlife, includ-
ing predators such as grizzly bears, game animals such as antelope and tule elk, large popula-
tions of migratory birds, and extensive migrations of anadromous fish. Plant communities
included expanses of marshes, upland oak forests, and tangles of cottonwood, willow, oak,
and other species in widespread riparian forest habitat (Thompson 1961). 

Current Pressures and State of the River

In 1848, gold was discovered in the region, resulting in a rapid population increase and forest
destruction (Thompson 1961). By 1866, two-thirds of the land around the Sacramento River
was under cultivation for orchards, row crops, and perennial pasture. Riparian forest was fur-
ther removed to power steamboats and to supply domestic and industrial uses in Sacramento
and San Francisco. In 1850, a large flood event caused widespread damage to the many val-
ley towns and agricultural developments located on the floodplain. This and other damaging
floods led local communities to construct the first human-made levees, altering the natural
hydrologic systems (Kelley 1989). In addition, groundwater pumping, river channelization,
dam building, and water diversion were developed for flood control and to meet agricultural
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Figure 17.1. Orientation Map for the Sacramento River restoration project. Map shows the location
of the Sacramento River restoration project within California and the location of the Sacramento
River Conservation Area (SCRA) and adjacent properties surrounding the inner river zone of the
Sacramento River.
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and urban demand for water (Kelley 1989). By the late 1970s, over 96% of riparian forests had
been removed, with fragments surviving in an agricultural matrix under pressure from hu-
man populations (Thompson 1961; Katibah 1984). Even with major alteration of the ripar-
ian forest and natural hydrology, the Sacramento River still contains some of the most diverse
and extensive riparian habitat in California. Hence, restoration of this important river is es-
sential to conserve remaining species and ecosystem services.

Restoration Objectives, Targets, Plans, and Initiatives

In 1986, recognition of the importance of this riparian habitat to threatened and endangered
species and ecosystem services led to the passage of the State Senate Bill 1086. This legisla-
tion designated the Sacramento River Conservation Area (SRCA), a 160-km floodplain be-
tween Red Bluff and Colusa (figure 17.1), for restoration (CRA 2000). Holistic restoration of
large river systems should include the hydrogeomorphic processes causing spatial and tem-
poral habitat heterogeneity through erosion and deposition as the river channel migrates
(Gore and Shields 1995). Human alterations to the Sacramento River have changed the fre-
quency, magnitude, timing, and duration of these hydrogeomorphic processes, such as the
construction of Shasta Dam in the 1940s, which regulates water flow through the restoration
project area. Hydrogeomorphic processes have also been altered by bank revetment and lev-
ees. These changes have reduced natural river processes, including meandering, channel
and bank erosion and sedimentation, river branching, channel cutoff and oxbow formation,
which affect the associated vegetation succession, structure, and wildlife use (Buer et al.
1989). However, completely restoring these processes to their natural states is incompatible
with current human settlement patterns and appropriation of water for agricultural and
household use (Golet et al. 2006). 

Given the limitations for restoring large-scale hydrogeomorphic processes, the Sacra-
mento River project is pursuing the following reach-scale strategies: (1) acquiring land from
voluntary sellers, particularly flood-prone areas bordering remnant riparian habitats; (2)
revegetating those properties with native trees, shrubs, understory plants, and grasses; and (3)
restoring some natural river processes (Golet et al. 2006). To date, using federal, state, and
private sources, approximately 2,000 hectares have been planted with riparian species by two
main nongovernmental organizations, The Nature Conservancy (TNC) and River Partners.
The majority of the planting has been with riparian forest species, although more recently
some native grasslands have been restored to reestablish natural heterogeneity and minimize
flooding (Efseaff et al. 2003). 

Given the large scale of the restoration, the costs are substantial. These include land ac-
quisition (approximately $2,500–$10,000/ha) (Hunter et al. 1999) and site preparation,
planting, and maintenance (approximately $10,000/ha) (R. Luster, TNC, California, per-
sonal communication). Major funding has come from a state-federal cooperative program
(Calfed) aimed at restoring the San Francisco Bay–Delta and Tributaries, as well as other
state, federal, and private organizations and individuals, such as the Wildlife Conservation
Board, U.S. Fish and Wildlife Service, Ducks Unlimited, and private landowners (Golet et
al. 2006). Restoration has also been paid for by bond measures, in which California residents
vote on whether to borrow money from the state to pay for restoration. However, most of
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these measures have passed in urban counties, where voters often believe that restoration will
benefit them through clean drinking water and watershed protection, yet they have received
well below the majority vote in the counties where the restoration is being done. 

Resistance to the Restoration of Natural Capital

Landscapes are connected not only ecologically but also socioeconomically. While conser-
vationists highlight the economic and ecological benefits of restoration, many landowners in
the Sacramento River region perceive net negative impacts of restoration (Golet et al. 2006).
These transboundary influences between adjacent landscape elements can lead to tension
and conflict. In several surveys conducted in the SCRA, many members of the farming and
larger regional community perceived the restoration of natural habitat as locally providing
mostly negative effects (Wolf 2002; Singh 2004; Buckley 2004; Jones 2005). These percep-
tions of negative externalities have led to efforts by the regional community to stop or reduce
restoration. For example, in March 2002, the SCRA Board voted to reduce the SRCA from
86,000 to 32,000 hectares at a meeting where more than one hundred landowners spoke out
against the SRCA (Martin 2002). Furthermore, the county and city of Colusa, located within
the SCRA, voted in 2006 to enforce more stringent protection for private landowners when
approving restoration projects (Hacking 2006).

Farmers’ concerns associated with natural habitat restoration include the possibilities of
increased numbers of vertebrate pests such as squirrels and deer; endangered species use of
their land and consequent critical habitat designation; agricultural weeds; and the general
loss of farmland and farm culture (Wolf 2002; Singh 2004; Buckley 2004; Jones 2005). More-
over, many of the farmers have lived for generations along the river and feel strong bonds
with the land and their neighbors, while respecting the management strategies of their an-
cestors. There is also general concern that cheap agricultural imports, suburban sprawl, and
large-scale corporate farming imperil the farmers’ lifestyle. Such threats are more difficult to
influence locally than restoration activities, leaving the latter as a more accessible target for
local farming communities. The larger regional community has also voiced concerns regard-
ing security, loss of local tax revenue, and flooding.

Concerns about increased flooding are valid in some situations, as reforestation can slow
the movement of water during high-flow events due to increased surface roughness, leading
to higher flood levels (Sellin and Beesten 2004). However, the type of habitat and spatial po-
sitioning of restored areas can affect the possible flooding effects. In contrast, little research
exists to support or refute some of the negative perceptions farmers hold about restoration.
For example, weed species of concern to farmers are often found in restored or remnant ri-
parian habitat, as well as in road verges and small patches at the edges of farms, where herbi-
cides are not applied. Although weeds are not planted in the restored riparian habitats, they
often colonize these areas (Efseaff et al. 2003; Holl and Crone 2004). In fact, there is exten-
sive research on invasive species movement from agriculture to restored habitat (Fox et al.
1997), yet little research has focused on the opposite direction. Additional fears within the
wider community are the potential for increased trespassing and security problems associated
with greater recreational use of natural habitat (Jones 2005), which may require more police
activity, although these issues are largely unquantified.
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Concerns about restoration costs to the larger regional community through revenue loss
are controversial. When land is removed from private ownership and agricultural production,
corresponding agriculture revenues are lost from the local economy and tax base, reducing
available funding for community services such as education and fire protection. However,
farmers are often employed to plant trees during restoration activities and thereafter there are
potential recreational uses, which may have some local multiplier effects (Adams and Gallo
2001). Nonetheless, compensation for lost local tax revenue by state and federal governments
has not been perceived by local landowners to adequately compensate for losses from restora-
tion in the SRCA (Bharvirkar et al. 2003). 

Resolving the Conflict Concerning the Restoration of Natural Capital

The distributional differences in expected costs and benefits among stakeholders have made
implementation challenging for local restoration organizations. The Sacramento River proj-
ect, which includes several nongovernmental and governmental agencies, has used several
approaches to resolve some of the conflicts, including better communication and coordina-
tion, early and consistent local involvement in planning, and research and management to
quantify and reduce transboundary impacts. 

Communication and Coordination
The Sacramento River Conservation Area Forum (SRCAF) was established in 2000 to bring
together communities, individuals, agencies, and organizations within the SRCA to make the
restoration efforts more sensitive to the community (SRCAF 2003). The SRCAF is a locally
based, nonprofit organization overseen by a board of directors with diverse representation. It
considers itself a “voice for all interests,” and has incorporated the concerns of local landown-
ers into its guidelines (SRCAF 2003). The SRCAF includes several programs and commit-
tees that focus on specific issues to decrease conflict and increase communication. For ex-
ample, the SRCAF started a Landowners Assurances program in 2001, and through this
developed a Good Neighbor Policy that was adopted in 2003. Guidelines for the policy state
that differences exist between riparian habitat and farming, and that the “challenge is to un-
derstand the various land uses to the extent that each can be managed to remove or minimize
the negative impact on the others” (SRCAF 2006). The policy also recognizes that in situa-
tions where “conflicts and harm are unavoidable, there should be a mechanism established
to determine the extent of impacts,” as well as resources available to compensate or to find ac-
ceptable solutions to the impacts (SRCAF 2006).

Organizations that are conducting restoration along the Sacramento River have incorpo-
rated the Good Neighbor Policy into their approaches. For example, TNC proposed to erad-
icate weeds on their restored properties and to minimize flooding on neighboring lands. In
addition, River Partners found success with neighbors through integrating buffers and flood-
neutral revegetation (grasslands) planning into their projects. The SRCAF and restoration or-
ganizations have developed several specific policy actions including increased dialogue re-
garding changes in land use, consideration of buffer zones or fences between farms and
restored habitat, “safe harbor” and incidental take permits for endangered species, a griev-
ance procedure, and compensation for economic losses due to habitat restoration.
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Targeted Research
Data on both negative and positive transboundary effects are critical to resolving stakeholder
conflicts. General concerns raised about restoration have led to several surveys of landowners
in the Sacramento River watershed between 2001 and 2005 by academic, government, and
restoration groups to clarify these issues. These surveys highlighted concerns by farmers
about pest species, including mammals, weeds, and arthropods (Wolf 2002; Singh 2004;
Buckley 2004; Jones 2005), as well as general stakeholder concerns about flooding. 

To address farmer concerns, several research projects have been initiated to quantify trans-
boundary patterns and effects of pest species (S. M. Langridge, University of California, un-
published data; G. H. Golet, TNC, personal communication). However, little is known
about potentially important positive transboundary effects such as pollination and pest con-
trol (Kremen 2005), which may help to offset negative restoration effects. One study has ini-
tiated research on the possible beneficial effects of restored riparian forest providing habitat
for birds and arthropods that forage within agricultural areas and reduce pests (S. M. Lang -
ridge, University of California, unpublished data). Researchers and restoration project man-
agers are also testing means to lessen negative impacts on farms, such as adding bird or bat
boxes to reduce both mammal and insect pest damage. 

Research targeting stakeholder concerns can also be incorporated by restoration organi-
zations in their planning procedures. For example, TNC addressed flooding concerns by us-
ing hydraulic models to determine the effects of different restoration scenarios on flooding
along a proposed restoration project on 13 km of the river. TNC integrated scientific and
stakeholder information to determine the appropriate input parameters for the models (Go-
let et al. 2006). These studies engaged with stakeholders to include their observations and
knowledge of the river, leading to cooperation by stakeholders in restoration of this reach of
the river (Golet et al. 2006).

Modeling to Determine Strategies for Focusing Investment and Management
Restoration ecologists typically recognize that their projects confront various social con-
straints, such as government priorities, limited funding, and long-held beliefs (e.g., McIver
and Starr 2001). Acknowledging these limitations allows restorationists to achieve a more sta-
ble and socially acceptable outcome for specific projects and improves overall project suc-
cess. A greater degree of regional restoration might be achieved by considering social con-
straints in a systematic, strategic fashion rather than by pursuing full restoration at every local
site. While positive correlations between compromise and stable stakeholder agreements
have long been recognized, modeling methods can more precisely identify the specific issues
and criteria for voluntary and maintained cooperation. While all parties may not achieve
everything they seek, outcomes can be more desirable for all involved than would occur with-
out such agreements and can produce a more optimal overall strategy (Buckley and Haddad
2006).

One approach has been applying modeling techniques from game theory to allow 
consideration of how decisions by individuals with potentially opposing goals and beliefs
(farmers and restorationists) interact to determine outcomes (Buckley and Haddad 2006).
Respondents to a mail survey of farmers in the SRCA reported a high likelihood of carrying
out defensive investments if a restoration project were to occur adjacent to their property
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(Buckley 2004). Such defensive investments included revetment of riverbanks, removing
natural vegetation, fencing, and increasing chemical usage on their property and sometimes
on adjacent restoration sites without permission. Defensive investments might also take the
form of political activity, such as lobbying, voting, or opposition publicity campaigns, if it is
expected to be more effective than on-site activities. Generally, if restoration is perceived to
potentially elicit negative social feedbacks, then there might be certain points where restora-
tion elicits responses that offset some or all of the ecological gains (figure 17.2). Identifying
these points before they occur is critical to achieving socially desirable outcomes for farmers
and restorationists, and spatial positioning, on-site project design, and total landscape-project
concentration can all influence the magnitude of response.

Farmers will take defensive actions if they expect that the value of prevented damage to
their livelihood and lifestyle is greater than the cost of defense (figure 17.2). The best re-
sponse for the restorationist is to restore the piece of land if the net ecological gains outweigh
the financial and opportunity costs of restoration (figure 17.2). Including social planning and
maintenance efforts to remove or reduce negative transboundary effects might increase total
restoration costs and reduce on-site ecological gains. However, by preventing negative effects
that elicit defensive behavior, total regional ecological-function gains may increase the possi-
bility of reaching the overarching goal (Buckley and Haddad 2006). Directly applying these
models would require extensive parameterization and further characterization of the social
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Figure 17.2. Restorationists’ and local landowners’ defensive decisions and their ecological conse-
quences. With decisions by restorationists (black circles) from their indicated decision nodes, local
landowners (gray circles) make corresponding decisions to defend against negative impacts. At the
second decision node for local landowners, the net effect on ecosystem services can have two different
responses (indicated by black dotted oval). Overall ecosystem services could increase if the local
landowners have a minimal defensive response. If the local landowners respond with a maximum de-
fensive action, the net effect on ecosystem services could be negative, indicated by the potential for
ecosystem services to decrease below the level prior to the last restoration project (indicated by gray
dotted line).
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dynamics and marginal costs and benefits for landowners and restorationists. However, this
approach has the potential as a framework for incorporating social impacts and feedbacks
when planning large-scale restoration.

Contribution

To restore natural capital in socioecological systems, such as most large river systems, it is
necessary to build bridges among stakeholders early in the process. Restoration is generally
viewed and approached by practitioners as having only positive benefits, yet there may be
negative local effects that are not addressed when social impacts are considered. This can
lead to conflicts among stakeholders in the region that are difficult to resolve after restoration
and any potentially damaging effects have occurred. As has been demonstrated on the Sacra-
mento River, negative perceptions by landowners can ultimately reduce and hinder restora-
tion efforts. 

Some conflicts over the local effects of restoration projects are inevitable. While the eco-
logical flows (such as nutrient transport, water quality maintenance, and species migration)
from restoration of natural capital along the Sacramento River are distributed on large scales
(with possibly higher local benefits), the costs of negative externalities are locally concen-
trated. Local stakeholders also have multiple frames of reference in which they perceive res-
toration, leading to valid, unknown, or invalid objections. As part of a successful restoration
program, managers and policymakers must address these objections through mitigation, re-
search, and communication, ideally prior to implementing restoration. Hence, a socially
strategic approach, which focuses on determining and preventing negative effects that could
elicit defensive behavior, can lead to local acceptance of activities that improve regional eco-
system services and processes. 
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Chapter 18

An Approach to Quantify the Economic 
Value of Restoring Natural Capital: 
A Case from South Africa

James N. Blignaut and Christina E. Loxton

The biodiversity component of natural capital (including all living plants, animals, and mi-
crobes) supplies people with an array of environmental goods and services, including food,
clean water, atmospheric regulation, and the development and protection of soils, as well as
nutrient cycling (Nunes et al. 2003; MA 2005a). Environmental degradation has a negative
impact on biodiversity and is therefore likely to reduce the quality, quantity, and variety of
goods and services from natural areas.

In South Africa, much of the environmental degradation used to be in former “home-
lands,” that is, reserves for Black African people under the former apartheid regime (DEAT
1997; Hoffman and Ashwell 2001). Degradation occurred because people were forced to live
on marginal land with little or no infrastructure and/or means for economic survival, causing
overgrazing and unsustainable biomass harvesting for energy and construction purposes
(Hassan 2002). Although a stable democracy has replaced the apartheid regime, the majority
of people remain poor (earning less than US$1 a day) in these heavily impacted areas
(SARPN 2003). 

In this chapter we consider the question of whether community conservation, coupled
with community involvement in restoring natural capital, could be a feasible alternative to
subsistence agriculture, as carried out elsewhere (Barnes et al. 2003; Luckert and Campbell
2003). Here, we present alternative economic scenarios (with and without restoration of natu-
ral capital) for an impoverished rural community living outside a South African national park. 

Background and Discussion of the Natural Capital

The Bushbuck Ridge (BBR) District in the Limpopo Province, South Africa (31°00′ to
31°35′E; 24°30′ to 25°00′S), comprises 234,761 hectares, including 184,301 hectares of
communal land not used for cultivation or habitation but openly available to some 500,000
community members for resource harvesting. Of the communal areas, at least 43% is heavily
degraded (CSIR 1996). In 2000 the gross geographic product (GGP) per capita, or alterna-
tively, the average income earned per person in the district, was estimated at R (Rand) 3,400
(US$485) per annum within the context of a 65% unemployment rate and formal employ-
ment declining 1.2% annually between 1995 and 2000 (Limpopo Government 2002).
Hence, alternatives to alleviate poverty need to be considered. 

154
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The BBR communal area and the bordering Rooibos Bushveld zone of the Kruger Na-
tional Park have the same climate and would have shared the same vegetation and animal
life before human impact. However, the natural capital of the park area remains intact, de-
livering a wide range of ecosystem goods and services, while the communal area is becom-
ing increasingly degraded. To assess whether community conservation in the BBR area is a
viable alternative to subsistence requires a comparison between the total economic value 
of ecosystem goods and services provided by the Rooibos Bushveld area and the value of
products extracted from the communal area. Using these data, a potential value for the
communal area, but under low-impact conservation, can be calculated. This potential value
is based on the premise that subsistence agriculture could be replaced by community 
conservation, while allowing sustainable resource harvesting. Indeed, community resource
harvesting in a protected area is not uncommon and is permitted in World Conservation
Union (IUCN) Category VI protected areas that by definition are managed mainly for con-
servation of species or habitats through management intervention that allows for restricted
resource harvesting (e.g., Mulongoy and Chape 2004). In practice, this probably requires
fence realignment between the park and the communal area to incorporate part of the lat-
ter into a larger conservation zone. This extended conservation area, operated by the com-
munity as a private nature reserve, while sharing wildlife with the park, would generate lo-
cal income. 

Results and Discussion in Measuring the Value of the Natural Capital

The results from this comparative analysis between the park and the communal area will be
done by focusing on the stock of natural capital valued if all tradable species are liquidated
and sold off, and natural capital’s ecosystem goods and service (or function) values using a
range of valuation methods.

Stock of Natural Capital
Because little game exists on the communal land and no livestock survey has been under-
taken, the value of animals could not be calculated.

For the adjacent area of the park, densities of the main tradable mammal species were 
obtained from Zambatis and Zambatis (1997), with numbers adjusted to 2002/03 levels
(SANParks 2003) and weighted to reflect the relatively high animal density in the Rooibos
Bushveld area. Based on 2003 auction prices (differentiating between trophy animals and
breeding herds), the market value of the tradable mammal stock was estimated at $25.37 mil-
lion or $155.74/ha. 

A list of tradable plant species was assembled from various sources (Shackleton and
Shackleton 1997, 2000; Botha et al. 2001; Hassan 2002; Van Zyl 2003). Based on Shackleton
and Scholes (2000), Netshiluvhi and Scholes (2001), and Scholes et al. (2001), the biomass
per plant species and per hectare and for the whole Rooibos Bushveld area was calculated,
with the biomass percentage of each useful plant species specified. The estimated value of
tradable plant species, should they be harvested completely, was $481.3 million or
$2,954.70/ha (based on 2003 market prices). Though this hypothetical amount is consider-
able, it only accounts for the value of the standing biomass traded and does not incorporate
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nontraded species. Since 43% of the communal area was considered degraded, its tradable
plant stock value was taken as 57% of the park value per unit area.

Function Values of Natural Capital
Function values distinguished here are direct-use values, nonconsumptive values, and indi-
rect consumptive-use values.  Direct-use values often refer to ecosystem goods, whereas non-
consumptive and indirect consumptive-use values refer to ecosystem services.

Comparing Direct-use Values

The direct use of plants for timber, fuelwood, medicines, and livestock is very important to
the local people in the BBR communal area. If operated as a community conservation area,
with livestock removed, controlled game hunting could be exploited very profitably, while
many of these other practices could be sustainably managed (table 18.1). 

However, the park, according to the IUCN’s classification, is a Category 2 national park,
which excludes natural resource utilization, and hence the direct-use value for Rooibos
Bushveld area is zero. Despite this, the potential value of harvestable goods, if sustainable re-
source use was allowed, can easily be ascertained by examining the actual and potential di-
rect-use values from the slightly larger BBR communal area (table 18.1).

Bushbuck Ridge Communal Area: Actual and Potential 

Direct-Use Values

Various studies, based on primary household survey data, have been carried out to calculate
the actual value of resource harvesting in the Bushbuck Ridge communal area (Shackleton
1998; Shackleton and Shackleton 1997, 2000, 2002; Shackleton and Scholes 2000; Net-
shiluvhi and Scholes 2001; Scholes et al. 2001; Botha et al. 2001; Hassan 2002; Van Zyl
2003). Household heads were asked about which products they were harvesting, their harvest
rates, and the market prices, should these products be bought rather than harvested. Subse-
quently, the combined data from these studies were adjusted to 2002/03 levels using the con-
sumer price index (table 18.1). 

The direct consumptive-use value is estimated to be $220/ha ($40.63 million for the
whole study area), which implies $81.26 per person based on a beneficiary population of
500,000 (Hassan 2002). The major contributors to value from resource harvesting are the
sales of livestock, edible fruit, herbs, and vegetables, as well as thatch and fuelwood.

If the communal area was incorporated into the park and managed as an IUCN Category
6 protected area, sustainable natural resource use, mainly to support local livelihoods, would
be allowed under strict guidelines. Shackleton and Shackleton (1997, 2000) argue that the
biomass production of the area under consideration is 3% per annum, though it is not all suit-
able for economic use. The sustainable harvest was conservatively assumed to be 1% of the
biomass for fuelwood, construction timber, and branches, and, predicting more limited mar-
ket options, only 0.5% for crafts and medicinal products. Interestingly, edible fruit harvesting
comprises 50% of the full annual production. To calculate the tradable biomass volume that
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can be harvested, the biomass per species and by product was multiplied by either 1% or 
0.5% (or the production volume) and the market price.

Based on these assumptions, the potential direct use value is $611.35/ha, much of which
is derived from crafts and medicinal products having a value-added component. The total
size of the market is unclear, and though it would be possible to generate the returns indi-
cated (table 18.1), achieving these values over the whole study area is questionable because
of market saturation. No livestock value has been estimated since domesticated herbivores
would be excluded from the area and replaced by game. Trade in game (including hunting)
would be restricted to 50% of the total new births per species per year, due to reduction
through predation and other natural causes and to allow for replacement.

18. An Approach to Quantify the Economic Value of Restoring Natural Capital 157

table 18.1 

Comparison of direct-use values for the Rooibos Bushveld area of Kruger National Park and
communally owned land (BBR) 

Rooibos Bushveld BBR (Actual) BBR (Potential) Difference 
(potential 

$ $ $ less actual)
ha millions $/ha ha millions $/ha millions $/ha $/ha

Fuelwood 162 0 0 184 5.76 31.24 3.50 18.96 –12.28
904 301

Timber 162 0 0 184 2.70 14.65 4.41 24.01 9.36
904 301

Crafts 162 0 0 184 0.25 1.34 51.22 278.22 276.89
904 301

Medicinal 162 0 0 184 4.78 25.92 47.11 255.38 229.46
904 301

Edible fruit, 162 0 0 184 9.28 50.36 1.51 8.19 –42.17
herbs, and 904 301
vegetables

Thatch 162 0 0 184 7.01 38.02 0.61 3.19 –34.82
904 301

Livestock 162 0 0 184 9.38 50.88 0.00 0.00 –50.88
904 301

Rooibos Bushveld BBR (Actual) BBR (Potential) Difference 
(potential 

$ $ $ less actual)
ha millions $/ha ha millions $/ha millions $/ha $/ha

Wild 162 0 0 184 0.00 0.00 4.3 23.4 23.4
animals 904 301

Other: reeds, 162 0 0 184 1.49 8.08 0.00 0.00 –8.08
sticks, grass, 904 301
brushes, 
birds, etc.

Total direct 162 0 0 184 40.63 220.48 112.6 611.35 390.88
consumptive 904 301
use

Sources: Adapted from Shackleton and Shackleton 1997, 2000; Scholes et al. 2001; Netshiluvhi and Scholes 2001; Hassan 2002; and Van
Zyl 2003.
Note: $ = US$.
BBR: actual values under subsistence management; potential values following restoration of natural capital, as valued in 2002/03.
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Nonconsumptive Values
These values comprise those direct-use values that are nonextractive in physical terms, with
tourism providing a useful example. Currently, tourism within the communal area is zero,
and to calculate its potential value, this was extrapolated from the adjacent area of the park,
as it is assumed that tourism in the restored communal area is likely to be equivalent to that
of the protected area. 

Although the Rooibos Bushveld area comprises only 8% of the Kruger National Park, it
contains 24% of the park’s tourist accommodation facilities, and calculation of the total
tourism value for the area (table 18.2) is based on this proportion (SANParks 2003). The
number of visitors to the Rooibos Bushveld area was calculated as 254,189 per year, and the
total number of bed nights is estimated to be 213,207 per year. Indeed, the total turnover
value of visitors to this part of the park, inclusive of gate fees, overnight accommodations, and
expenditures at park stores is $8.54 million, or approximately $70 per visit. Furthermore, the
total cost of travel, which is an acceptable method to determine visitors’ willingness-to-pay for
the unaccounted amenities for a recreation site (Dixon et al. 1994), is $7.46 million; this im-
plies a total tourism value of $16 million, or $98/ha. 

Indirect Consumption Values
These values comprise (1) environmentally produced goods and services useful to people
(including livestock grazing, soil nutrient recycling, honey production, and carbon seques-
tration); and (2) option, existence, and bequest values, which capture the possible future use
of environmental goods and services from ecosystems. It was considered inappropriate to in-
clude livestock grazing, since the value of livestock sales is included under direct consump-
tive-use values in the current communal areas, whereas these activities would be excluded af-
ter restoration. No values for soil nutrient recycling were found. There are currently no
formal honey production activities in either the park or communal area, but based on an av-
erage of 20 kg/hive (Turpie et al. 2003) and one hive/5 km2 (R. Crewe, University of Pretoria,
2003, personal communication), with an average price of $4.56/kg, the potential retail value
of honey production is estimated to be $0.33 million or $0.18/ha. 

No formal market for carbon currently exists in South Africa. Carbon trading in the park
would also not be feasible given the additionality principle, which implies that the existing
biomass does not count since it does not contribute to additional carbon storage. The com-
munal area, however, has a good carbon-trading potential. Based on a carbon absorption ca-
pacity of 4 t/ha (Scholes and Van der Merwe 1996; Scholes and Bailey 1996), and an average
price for carbon of $15.7/ton or $4.2/ton CO2, the potential carbon sequestration value
amounts to $12.31 million or $66.87/ha.

Option, existence, and bequest values are estimated simultaneously since distinguish-
ing between them is seldom possible. There has been no comprehensive study estimating 
the willingness-to-pay for conservation, either by contingent valuation or conjoint analysis, 
in South Africa. Results of two regional studies by Turpie (2003) and Turpie and Joubert
(2001) indicate an average value of $60.83 ha–1, which is the value used in this study (table
18.3).
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Summary
Though it was not possible to establish an actual value for the animal stock in the Bushbuck
Ridge communal area, the value of tradable vegetation is considerably below its potential
(table 18.3). The actual extraction value of biodiversity function-related activities is $220.48/
ha, whereas the potential value is $837.48/ha. 

An alternative conservative scenario in which the estimated worth of crafts, medicines,
and tourism, and the less tangible option and existence values, have been reduced by 50%
yields an economic return of $491.32/ha. This is $270.72/ha more than the actual current re-
turn.

Contribution

The potential total economic value of the BBR communal area is considerably higher than
that of the actual land use value. This is based on the premise that the area could be incor-
porated within the Kruger National Park, though with unchanged land tenure and allowing
selective resource-use access. The actual returns from land use practices are estimated at
$220/ha, a portion of which would be benefits in kind. However, the potential total eco-
nomic value of community conservation has been estimated conservatively at $837.5/ha and
$491.32/ha. Therefore, the increased value to be gained from restoring degraded land ap-
pears to be considerable.

Unfortunately, there are five problems, any one of which has the potential to spoil the vi-
ability of the proposed scheme. First, the total economic value does not imply “money in the
pocket.” It would be necessary to introduce a national system that rewards rural communities
for providing ecosystem goods and services by creating a market for them. The second poten-
tial pitfall is that market penetration for either direct or indirect consumptive-use products
might be low. The third problem relates to management structure (see also Olukoye et al.
2003). Though it is foreseen that the protected area will be managed by a professional service
provider and the proceeds (after cost) centralized into a community-conservation fund before
local distribution, this arrangement would have to be negotiated and allow for community
buy-in, which can be a complicated process. A fourth hurdle that would have to be overcome
is that of insurance risk, uncertainty, and the resultant costs. Finally, restoration costs need to
be calculated. This was not possible, except by carrying out the management and restoration
plan under close monitoring. Nevertheless, it is expected that the long-term, wide-ranging
benefits obtained after restoration will easily justify economic expenditures.

Despite these challenges, the opportunities for community-based nature conservation are
ample and plausible given an appropriate institutional structure and the will to implement
such a strategy. The economic scenarios presented in this chapter can be used as a basis for
collaborating with local communities, government institutions, and nongovernmental orga-
nizations to develop better futures for impoverished rural communities living in proximity to
protected areas.
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Chapter 19

Capturing the Economic Benefits from Restoring
Natural Capital in Transformed Tropical Forests

Kirsten Schuyt, Stephanie Mansourian, Gabriella Roscher,

and Gérard Rambeloarisoa

According to the World Wide Fund for Nature (WWF) Living Planet Index, the tropical
forest species index declined by 25% in the last thirty years, primarily due to land transfor-
mation. Typically, agriculture initially replaces forest and later remains the preferred alter-
native to forest restoration on already degraded land. It is estimated that between 1975 and
2000 approximately 370 million hectares of natural forests were deforested in the tropics,
mostly for commercial and small-scale agricultural expansion (Kessler and Wakker 2000).
Indeed, most of the world’s oil palm, soya, and cotton plantations occur within these con-
verted areas.

Cash crops may provide a quick economic return, yet their long-term environmental im-
pact is rarely taken into account in balancing the costs and benefits of different land uses. For-
est cover loss can lead to a reduction in soil quality, lowering of water tables, and increases in
erosion and land-surface temperatures. In addition, often within a few years of intensive land
use, cash crop productivity may markedly decline and investment in fertilizers is necessary,
thus raising the overall production costs (Bickel and Dros 2003). According to the Interna-
tional Food Policy Research Institute (IFPRI) nearly 40% of the world’s agricultural land 
is seriously degraded, which could undermine the long-term productive capacity of soils 
(IFPRI 2000). 

The goods and services that flow from natural forest have a significant social, cultural, and
economic value, sustaining livelihoods and contributing to biological and genetic diversity.
For example, the World Bank (2004) has estimated that 350 million people living in or close
to forests are reliant on them for subsistence or income. In addition, people also depend on
forests for less tangible benefits, such as carbon sequestration, flood protection, and erosion
control. Therefore, sustainable management and restoration of the natural capital of tropical
forests is essential to maintain the livelihoods and quality of life for millions of people, in
both the developing and the developed world. 

This chapter argues that restoration of forest natural capital is possible within a broad
landscape context. We use four case studies from around the world to show that the restora-
tion of natural capital can be funded and promoted through marketing and holistic account-
ing methods, and through engagement of the forest-product sector in better practices and
standards that include restoration.

162

ch19:IP_Aronson  5/14/07  10:32 AM  Page 162



Long-term Benefits of Natural Capital in Forests

In the short term, forest transformation often appears to be profitable. Decisions to plant cash
crops are influenced by available markets, cheap (forest) land, and subsidies or other finan-
cial aid, while restoring or conserving forest cover is frequently not perceived to have eco-
nomic benefits. 

With increasing human pressure, restoration and protection of forests are vital to reduce in-
creasing fragmentation and to maintain forest functions (see also chapter 8). The value of a
protected area (or well-managed forest patch) can be greatly reduced if there is no remaining
forest around it. For example, in China over 50% of the panda population does not remain
within the protected-area boundaries but roams outside into forests that are severely frag-
mented (WWF/China 2005). Consequently, designating and managing protected areas alone
will not be sufficient to conserve pandas. Moreover, if the only remaining trees occur in pro-
tected areas, people with no alternative fuel sources will seek to exploit these areas as well. 

The reason that forests and many of the goods and services they provide are not recog-
nized as having economic value is that their consumption and production often fall outside
the marketplace. It is only with the decline in the quality and quantity of forests that there is
growing awareness of the economic consequences of forest loss. For example, downstream
stakeholders such as hydroelectric and water purification companies are directly impacted by
severe flooding or erosion caused by upstream deforestation. Such costs are, however, often
recognized only in the long term, when restoring the natural capital of damaged forests is ei-
ther impossible or very costly.

The key lies in making conservation and restoration of forests pay so that decisionmakers
recognize this as a serious alternative to other land uses. Tools that include economic valua-
tion of forest goods and services are increasingly applied to better understand and highlight
the economic value of forests, while the development of payment mechanisms for environ-
mental services continue to grow in importance as a way of making sustainable forest man-
agement financially attractive. For example, in 1997, $14 million was invested in the pay-
ment for environmental services in Costa Rica, which resulted in the reforestation of 6,500
hectares, the sustainable management of 10,000 hectares of natural forests, and the preserva-
tion of 79,000 hectares of natural forests, all of which are privately owned (Pagiola et al.
2002).

Forest restoration is usually on a small scale and is rarely perceived as economically ap-
pealing to a land user or society. Therefore, a broader natural capital restoration approach is
required, which includes multipurpose forests in a landscape mosaic. 

The concept of multi-functionality is more than just a fine-tuning of existing ap-
proaches to land use planning. If forests are distributed optimally in the landscape, and
if the different elements of the landscape mosaic complement one another, then the
total area of forest needed to provide a given yield of forest benefits is less. (Sayer et al.
2003) 

For the restoration of forest goods and services to be applied and widely adopted, an approach
both recognizing multiple values and allowing for economic incentives is needed that targets
multiple land users. 
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Making the Restoration of Natural Capital in Forests Economically Attractive

Forest landscape restoration (FLR) seeks to restore the goods and services that forested land-
scapes provide to both people and biodiversity and is formally defined as “a planned process
that aims to regain ecological integrity and enhance human well-being in deforested or de-
graded landscapes” (WWF/IUCN 2003). A landscape in this context is an area that is physi-
cally and socially heterogeneous, with an overall quality more complex than the sum of its
parts. WWF and the IUCN (The World Conservation Union) are promoting FLR under
their joint forest strategy since FLR considers the landscape scale that offers an optimal bal-
ance of land uses and helps to negotiate tradeoffs.

Implementing forest restoration should take account of the social, economic, and biolog-
ical context within a landscape. It does not mean planting trees across an entire landscape
but implementing strategic restoration necessary to achieve an agreed-upon set of functions,
such as suitable wildlife habitat, soil stabilization, or the provision of building materials for
local communities. In this way, FLR has both a socioeconomic and an ecological dimension,
with local people as the stakeholders engaged in improving the state of their landscape. Res-
toration can sometimes be achieved simply by removing whatever caused forest loss, such as
perverse incentives and overgrazing. However, unless the causes are clearly identified and re-
moved, any restoration effort will be in vain. 

FLR opts for a package of solutions, as there is no single restoration technique; each ap-
proach must be determined by the local conditions. The FLR package may not only include
practical techniques, such as agroforestry, enrichment planting, and natural regeneration at a
landscape scale, but also embraces policy analysis, training, and research. It will involve a
range of stakeholders in planning and decision making to achieve a solution that is accept-
able and more likely to be sustainable. Setting the long-term restoration target should in-
clude representatives of different interest groups in the landscape. If a consensus cannot be
reached (as can often be the case), interest groups will need to negotiate and agree on what
may seem like a less-than-optimal solution if taken from a single stakeholder perspective; that
is, it may be necessary to make tradeoffs. 

FLR places the emphasis on both quantity and quality of forest. All too often forest quan-
tity is what decisionmakers think about when considering restoration, yet improving forest
quality can yield greater conservation benefits for a lower cost. Because FLR aims to restore a
range of forest goods, services, and processes, it is not just the trees themselves that are im-
portant, but all attributes of healthy forests, such as nutrient recycling; soil stabilization; plant
products, including medicines; and species habitat. The focus on these functions helps to di-
rect the restoration response (techniques, location, species, etc.), as well as allowing for more
flexibility in tradeoff discussions with stakeholders by providing a diversity of values.

FLR therefore targets multiple land users and recognizes the economic value of forests in
addition to their sociocultural and ecological values. Hence, it provides the optimal approach
to make forest restoration economically attractive by (1) recognizing the economic value of
forests (beyond timber), and (2) allowing for the use of economic incentives in restoration ac-
tivities. Both are necessary if restoration is to be perceived as a viable option for landowners,
land managers, and society as a whole. Recognition of the economic values of forests lets land
users incorporate these into their decision-making processes.

Economic values of forests are derived from the numerous functions delivered in terms of
provisioning, regulating, and providing cultural services to people (UNEP and IISD 2004).
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In India, for example, the value of forests in regulating river flow is estimated at US$72 bil-
lion/yr, while nontimber forest products generate approximately $4.3 billion/yr. Once the
economic benefits of forests are recognized and taken into account in decision-making
processes, sustainable forest management may become an economically viable option. In
West Africa, on Mount Cameroon, a study (Yaron 2001) has shown that the total economic
value of sustainable forest management amounts to $2,570/ha/yr, as opposed to $1,084/ha/yr
for conversion to oil palm or $2,114/ha/yr from small-scale agriculture. 

Recognizing the economic value of forests facilitates the application of economic incen-
tives for forest conservation, including restoration. One such mechanism is payments for en-
vironmental services (PES), which has the basic principle of rewarding those who provide en-
vironmental services, such as carbon sequestration, watershed protection, landscape beauty,
and biodiversity conservation. Four case studies show how different economic incentives
have been used to promote forest restoration.

Case Study 1: Economic Incentives for Forest Restoration in Malaysia 

WWF/Malaysia and the Sabah Wildlife Department have been collaborating since 1998 to
establish the Kinabatangan Wildlife Sanctuary in the floodplain of the Kinabatangan River
Basin. This area contains forest fragments rich in wildlife, including orangutans, elephants,
and proboscis monkeys, but much of it has disappeared due to agricultural impact, particu-
larly oil palm cultivation. As a result, animal movements, such as those by elephants, are
problematic since the elephants must pass through oil palm plantations to reach the forest
remnants. 

The philosophy of this program is built on the identification of options that create link-
ages between conservation and development. Commercial partners, who are aware of the po-
tential benefits yet are prepared to collaborate and make the necessary investments to satisfy
the different stakeholders, have subsequently been sought. Based on an action plan for estab-
lishing a connected forest landscape along the lower Kinabatangan, several parcels of land
have been identified as critical corridors. In collaboration with oil palm companies, through
memoranda of understanding, various tree-planting schemes are being implemented on pri-
vately owned land. Indeed, some companies have taken the initiative to restore forests in
flood-prone areas to reduce the negative impact of flooding on their estates. This action is
driven not only by the need to protect their plantations but also by the potential and real mar-
keting motive at a time when buyers are becoming more selective. The government-owned
company Sawit Kinabalu Berhad has established a tree nursery and set aside more than one
thousand hectares of land for forest restoration, having failed to cultivate it owing to floods.
This area is an important link for wildlife and is large enough to demonstrate better than
small fragments could the economic benefits of forest restoration.

Another example of collaborative restoration on a smaller scale is a reforestation program
by the company Borneo Eco Tours that enables tourists to participate in tree-planting activi-
ties along the Lower Kinabatangan River. As of 2005, sixty-four hectares of riverine forest re-
serve area have been adopted for this purpose. Unfortunately, few of the planted trees at that
time survived due to compacted soil conditions and the destruction caused by elephants.
While these efforts are praiseworthy, larger areas of restored natural forests are needed so that
the total wildlife habitat available in Kinabatangan increases. Asian elephants for instance
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are known to range over 200–400 km2. Though small-scale restoration efforts may help other
species, the long-term sustainability of the Kinabatangan elephants is not guaranteed. WWF,
in cooperation with the Sabah Foundation, is considering how the critical elephant sites can
remain connected by natural forest corridors through land-use planning interventions within
the mosaic of oil palm plantations and forest patches. Information on elephant movements,
based on radio tracking, should make it possible to establish oil palm plantations in such a
way that conflict is reduced and vital corridors are not blocked. 

Simultaneously, economic incentives for catalyzing these types of environmental initia-
tives are also being provided on the demand side. Consumer awareness in Europe is growing
with regard to the adverse impact of oil palm expansion at the expense of natural forests. As a
result, retailers are responding by requesting more sustainably produced palm oil from their
suppliers. An example is the Swiss supermarket chain Migros, which has developed its own
criteria for sustainable palm oil. The company pays a higher price for this product but does
not pass on this extra cost to its customers. Instead, the company appreciates the public rela-
tions benefits and uses sustainable palm oil as a “green” marketing argument. Economic in-
centives on both the demand and the supply sides provide a solid basis for increasing sustain-
able forest management, including substantial forest restoration activities. 

Case Study 2: Economic Incentives for Forest Restoration in Mexico

Starbucks Coffee Company and Conservation International (CI) collaborate on this pro-
gram to promote the sustainable production of coffee in the endangered cloud forest of Chi-
apas, Mexico, which includes the El Triunfo Biosphere Reserve, considered extremely im-
portant to the conservation of global biodiversity. The program helps conserve traditional
coffee farms and provides ecological benefits to the reserve by supporting coffee production
under the protection of a shade-tree canopy, which creates and maintains a forested buffer
zone. 

In this region, CI works with cooperatives and producer organizations representing hun-
dreds of families for whom coffee contributes most of the annual household income. CI pro-
vides farmers with technical assistance in the growing, processing, and marketing of high-
quality coffee. An issue arising, while defining best practices with the stakeholders, was the
possible expansion of plantations as a consequence of better prices. Conservation coffee best
practices are socially and environmentally sustainable practices that reward farmers econom-
ically and benefit the biodiversity that surrounds their farms. As a best practice, the coffee
farmers are encouraged to increase the plant density per hectare in conjunction with restor-
ing lands degraded due to other crop production, such as maize. Participating farmers also
have to maintain any forest they own when entering the conservation coffee program. 

In 2005, conservation coffee practices were well established in the communities of Puerto
Rico and Colombia participating in the program. In 2004, participating cooperatives re-
ceived and repaid more than $330,000. This was made possible through the establishment of
a financing mechanism in Chiapas called Eterno Verde, which provides credit to farmers to
finance their crop. CI’s own investment fund, Verde Ventures, and Ecologic Finance, a
credit fund based in Cambridge, Massachusetts, provided the loan, which was 100% repaid
each year over a period of three years under Eterno Verde. Farmers producing shade-grown
coffee received a 44% price premium over local prices for their product. In 2005, there were
694 farmers and almost 2,200 hectares involved in the program. The combination of credit
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access to farmers adopting coffee conservation practices and a premium-paying market pro-
vides powerful incentives. 

Starbucks is promoting shade-grown coffee in its stores. As a marketing tool, the packag-
ing bears such comments as “Starbucks and CI have made a difference in farmers’ lives with
the sale of this exceptional coffee” and “By paying a premium price for this shade grown cof-
fee, Starbucks improves the well-being of coffee farmers and encourages them to preserve the
forest environment.” Furthermore, the company has developed an interactive online experi-
ence entitled “On Good Grounds” that brings the region of Chiapas to life. Internet users
everywhere are able to watch, listen, and learn about the people and animals living in this
unique protected area. In October 2003, Starbucks committed an additional $1.5 million
over three years to support the replication of the project in Costa Rica, Panama, Peru, and
Colombia. This partnership proves that a leader in a commodity industry such as coffee can
integrate conservation and restoration of natural capital into its business, creating a net ben-
efit for the environment.

Case Study 3: Economic Incentives for Forest Restoration in China

In 1998 and 1999, China experienced serious river flooding resulting in thousands of deaths,
probably caused by a combination of climate change and insufficient forest cover in the up-
per watersheds. Forest-cover loss meant that the functions of water and soil retention per-
formed by these forests were significantly reduced, which in conjunction with excessive rain-
fall produced major flooding and landslides. Subsequently the government decreed a logging
ban and drew up a legal framework to support reforestation. To encourage farmers to engage
in restoration activities, the government, under the Grain for Green program, donates tree
seeds and seedlings, as well as between 1,500 and 2,250 kg of grain for every hectare of forest
planted, and pays $37.50 per year for each hectare returned to the forest. Indeed, it was esti-
mated that, in 2000, over two thousand hectares were reforested. 

However, the Grain for Green program has shown mixed results (Perrin 2003). Positive ef-
fects were accelerated afforestation and reforestation and natural forest protection. Further-
more, households were provided with the opportunity to diversify out of agriculture into
other income-generating activities, and in some cases soil erosion decreased. Negative side
effects include a focus on a few marketable species (particularly those providing fruits) for af-
forestation and reforestation, which has resulted in saturated markets for these products, as
well as the creation of relatively homogeneous tree cover rather than a diverse forest. In addi-
tion, the program may have created a culture of dependence on government handouts.

The important lesson from this case study is that perhaps the will of a government or de-
cisionmaker to achieve restoration, coupled with an incentive program, can bring back
forests on degraded land in the short term. Hence, some basic ecosystem functions can be re-
instated, such as increasing soil and water retention, but this is not the same as ensuring long-
term restoration of natural vegetation or providing sustainable livelihoods for local people.

Case Study 4: Economic Incentives for Forest Restoration in Madagascar

Between 2000 and 2005, Madagascar lost four million hectares of forest due to slash-and-
burn crop cultivation, one of the highest deforestation rates in the world (FAO 2005). This
ancient practice is an important cause of poverty in the country and creates a vicious cycle
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(Programme Dette Nature 2003). Forest loss to plant rice (the staple food) causes soil degra-
dation and sedimentation on the rice fields, necessitating further deforestation.

In northeastern Madagascar, the expansion of vanilla plantations was one of the driving
forces of forest loss. Vanilla is the most important export crop of Madagascar, and its planta-
tions attract an increasing number of farmers. Since 1996, the Malagasy government has
fought against the extension of vanilla plantations into the forests. 

In traditional vanilla plantations, forests are generally cleared except for a small number
of large trees that are used to shade vanilla plants. Using this method, 4,000 to 5,000 vanilla
vines are planted per hectare, with each vine producing three hundred grams of vanilla per
year. In fact, this destructive approach is also temporally shortsighted, with each plantation
lasting only six to eight years before the producers need to move to another forest parcel (An-
driatahina 2003). With the support of the European Union and a Malagasy development re-
search center, the Malagasy government has stimulated the application of a new technique of
vanilla production outside forests. This “semi-intensive” technique, applied in nonforested
areas, uses the planted tree species Gliricidia maculata as shade for vanilla plants. The result
is a rise in vanilla production with up to 1,500 grams per vine, and although only eight hun-
dred vanilla vines are planted per hectare, these plantations can be sustained for more than
twenty years if well managed, thereby reducing the pressure to clear natural forests (Union
Européenne 1998). 

The economic benefits of this new system of vanilla production are substantial for pro-
tecting primary forests and promoting the livelihoods of local communities. Furthermore,
with farmers having productive plantations closer to their homes, they suffer fewer logistical
problems and attain greater security from vanilla thieves.

Contribution

In the tropics, large forest areas have been converted to cash crops, such as soya, sugar, cot-
ton, or oil palm, driven by anticipated short-term financial returns. However, after conver-
sion, a range of problems appear related to the loss of forest-related goods and services, such
as lack of timber and nontimber forest products, increased landslide vulnerability, negative
soil-structure changes, habitat disappearance, and reduced water quality. In the long run,
these constitute major costs to society. However, the short-term financial arguments for cash
crops versus the long-term, less economically tangible benefits of forest-cover restoration
make it difficult to reverse the status quo of increasing land degradation without clear eco-
nomic incentives to counter this trend. 

The key lies in recognizing and capturing the economic value of forests, thereby making
landscape restoration more financially competitive with alternative land uses. Restoration of
forests can be possible within a broader landscape context using strategies such as marketing,
quantification of real benefits from plantations and small-scale farming, and engagement of
an entire sector in better practices and standards that include restoration. The common de-
nominator in all of these strategies is the utilization and better representation of economic in-
centives for restoration in decision-making processes on land use.

The integration of economic incentives and restoration requires an approach that recog-
nizes the economic value of forests and links conservation and development, such as in forest
landscape restoration. Economic arguments and incentives should make restoration attrac-
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tive. The case studies presented here, from Malaysia, Mexico, China, and Madagascar, illus-
trate the various levels of success achieved to date but also represent pilot studies for making
restoration economically competitive with cash crops. The next step is large-scale recogni-
tion of the economic value of forest goods and services, by both developed and developing
countries, and the implementation of economic incentives that will allow forest restoration
activities to compete with other land uses. More generally, the issue of better representation
of the economic arguments for restoration options in decision-making processes needs to be
addressed.
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Chapter 20

Restoring Natural Forests to Make Medicinal Bark
Harvesting Sustainable in South Africa

Coert J. Geldenhuys

Africa’s forest resources provide many useful products and services, including timber, con-
struction and fencing poles, fuelwood, traditional medicines, foods, craft wood and fibers,
household goods, and implements. In South Africa, for example, the forests include 568
woody plant species, of which 365 species (64%) are economically used in one or more ways
(Geldenhuys 1999a). In addition, South African forests have many indirect values (McKen-
zie 1988). However, little information is available on the relative use-value of the various
species or the impact of harvesting natural resources. Recognizing the values of forest prod-
ucts and the effects of their extraction on forests could play a major role in reducing conflict
in land use options.

This chapter focuses on just one form of natural capital in South Africa’s forests, namely,
tree bark used for traditional medicine, and the implications of its current extraction rates
and methods for future yields. The shift from subsistence use to commercial trade of medici-
nal plants has led to increased harvesting from wild habitats (Mander 1998). Although the
bark of many species is used, only a few are in high demand commercially.

This is a first attempt to quantify the capital and flows of bark harvesting in South Africa’s
limited, natural, evergreen forests. Overexploitation of this resource is identifiable by its im-
pact on the natural environment, society, and economy. However, restoration is achievable
by simulating the natural disturbance-recovery processes and applying adaptive research and
management in collaboration with resource users.

Rationale and Concepts for Utilizing and Restoring Natural Capital 

The practices of utilizing and restoring natural capital require understanding the flows of the
capital during natural disturbance and recovery processes, and during resource use, for suc-
cessful implementation in sustainable rural development. 

Natural Capital and Its Flows in Natural Forest
The natural capital of a forest comprises the sum of the physical (substrate and atmospheric
environment) and biotic components (plants and animals). However, it is flows from this cap-

170

ch20:IP_Aronson  5/14/07  10:33 AM  Page 170



ital that provide the values to the environment, society, and individuals. The forest environ-
ment is nested within the larger natural environment, which is itself inside or part of the
larger human-made environment. Here, the forest capital is considered separately from the
capital of the larger natural and anthropogenic environments.

The interactions between the forest components (such as disturbance, recovery, nutrient
cycling, and reproductive processes) represent internal flows within the forest capital. The
forest also interacts with the natural and anthropogenic environments, and these represent
external flows, such as seed dispersal to nearby nonforest habitats or the sale and utilization of
harvested forest products. Invasive alien plants can also arrive through seed dispersal, while
fires generated externally can have a major impact. Furthermore, forests play a major role in
absorbing carbon dioxide and releasing oxygen.

Disturbance and Recovery Processes
Natural disturbances (e.g., fires, tree falls, lightning, landslides, browsing by wild animals) or
stress events (droughts, frosts, flooding, chemical extremes) can disrupt ecosystem, commu-
nity, and population structure and change resources and substrate availability, as well as other
aspects of the physical environment (Hansen and Walker 1985; White and Pickett 1985).
Areas receiving more than 800 mm of rain per annum (that is, ca. 7% of South Africa) are po-
tentially suitable for forests, but fires appear to have been a major factor in fragmenting and
confining them to refuge sites (Geldenhuys 1994). Indeed, indigenous high-canopy forests
are limited to less than 0.1% of the country—much as they have been for the past four hun-
dred years. When areas are protected from fire, invasive alien trees are usually the first to be-
come established (Geldenhuys et al. 1986). Nevertheless, like pioneer tree stands, they nurse
the establishment of more shade-tolerant and diverse indigenous forest stands. Inside the re-
maining afrotemperate and mistbelt forests, natural disturbances generally cause relatively
small gaps, although heavy storms can create larger openings. However, browsing and seed
consumption by insects, birds, and antelope limit species recruitment and recovery. 

The disturbance regime (frequency, intensity, seasonality) of forest resource-use practices
should preferably simulate natural processes determining the floristic and structural compo-
sition of a particular forest development stage. Appropriate disturbance-recovery regimes for
various forest plant species may be determined through forest grain analysis (relative abun-
dance of canopy tree species regenerating) and stem diameter distributions of key canopy tree
species (Midgley et al. 1990; Geldenhuys 1996). In a fine-grained forest canopy, species re-
generate in the shade of established trees, whereas in a coarse-grained forest, canopy domi-
nants are shade-intolerant and regenerate episodically in disturbed sites. 

Sustainable Rural Development
The sustainable utilization of natural capital from forests requires integrating four compo-
nents (Geldenhuys 2004): (1) ecological, to maintain the composition and processes of the
natural forests; (2) social, to satisfy the sociocultural and livelihood needs of all stakeholders;
(3) economic, to provide direct and indirect potential benefits; and (4) policy, to provide a le-
gal framework and empowerment to the relevant institutional structures established. 
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Four other concepts are important for successful and sustainable rural development
(Geldenhuys 2004). 

• Diversified and integrated development is needed to satisfy the interdependent and di-
verse needs and interests of the rural community and to buffer failures in any one type
of development. For example, a focus on tourism will satisfy only one component of
community interest, and interests in traditional medicines, fibers, wood for crafts, and
fruits for juices and jams need to be considered. 

• A business concept has to be developed, step-by-step, to assist people to improve their
business skills and master associated technology for producing higher investment re-
turns. Introducing technology for development at a level above the skills and afford-
ability of the rural entrepreneur will lead to failure, despite good intentions.  

• Resource-use needs should be matched to resource availability, and developers should
be aware that urbanization of rural communities increases pressure on forests through
unsustainable commercialized activities such as bark harvesting. 

• Alternative resources or products should be developed if the natural resource is in
short supply or cannot recover from the harvesting rates and practices. 

Use of Bark for Traditional Medicine

Despite legislation, uncontrolled resource-harvesting practices continue. Lack of research
coordination and effective resource management prompted the formation of the Commer-
cial Products from the Wild Consortium (CPWild 2003), funded through the South African
Innovation Fund. Following a country overview, development projects were implemented
involving fibers for crafts; fruits for juices and jams; and roots, bulbs, herbs, and bark for tra-
ditional medicine. 

Bark use for traditional medicine affects species, ecosystems, and the future business of
the bark traders. An integrated action plan for sustainable business was developed through
adaptive management research (Geldenhuys 2004). Four evergreen forest-tree species
(Ocotea bullata, Curtisia dentata, Rapanea melanophloeos, and Prunus africana) were se-
lected on the basis of their diverse use values, observed resource-use impacts, available infor-
mation, and success likelihood. 

The case used here focuses on the Umzimkulu forest patches in South Africa and ad-
dresses the process and key issues in developing sustainable practices for harvesting medici-
nal bark. In 2000, the forests and populations of certain nationally and internationally pro-
tected species were severely impacted. The resources could not supply the large market
demand for bark, and bark stripping had wasted valuable timber. 

Definition of the Product
The user (medicinal plant trader or herbalist) determines the species and the type of product
used (fresh or dried bark, from old or young trees, leaves or roots), the volumes required, and
the timing of harvesting. The product also influences the harvesting technique and the im-
pact on the resource. In this study the people selling bark at the Durban Herbal Market indi-
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cated that they preferred fresh bark from live trees, as bark from dead trees is difficult to re-
move and process.

Size, Condition, and Value of the Resource: The Capital
Forest surveys were conducted in May and June of 2000 to determine the location and extent
of forests harvested and the condition and size range of target tree species. The Umzimkulu
forest patches vary between one hundred and eight hundred hectares and occur on steep
slopes in fire refugia outside the fire zone of grasslands. Surveys in thirteen forests using 388
circular plots (0.04 ha each) indicated that bark was harvested from thirty-six of the ninety-
five species, and 6.2% of the 7,280 stems recorded. Although this impact was relatively small,
some species were severely stripped: Curtisia dentata (50 stems recorded, 60% harvested);
Ocotea bullata (359 stems, 57.4%); Prunus africana (10 stems, 70%); Pterocelastrus rostratus
(29 stems, 86.2%); Rapanea melanophloeos (124 stems, 38.7%). On average, 20% to 40% of
the bark was removed from the main stem of the most intensively harvested species. Of these,
stem diameters of O. bullata, P. africana, and R. melanophloeos showed strong bell-shaped
distributions, suggesting episodic seedling recruitment, particularly noticeable in O. bul-
lata, with no trees smaller than 15 cm diameter. P. africana seedlings germinated below 
the canopy of parent trees but did not become established due to insufficient light. In 
R. melanophloeos, typically a forest margin species, there were no saplings inside the forest.
Within these species, bark had been harvested from most of the trees >30 cm DBH (diame-
ter at breast height). When such trees die as a result, over 60% of the bark on each main stem
and all the bark on the branches is wasted. 

The potential value (in U.S. dollars) of the bark and timber capital was calculated for the
Malowe and Nzimankulu forests (total area of 1,114 ha), for four selected bark-harvested tree
species (table 20.1). In 2003, timber (auction prices from the Southern Cape, or general esti-
mates) and bark value (retail prices per bag at the Durban Herbal Market), respectively, were
as follows: Cryptocarya myrtifolia ($91/m3, $106/bag); O. bullata ($304/m3, $121/bag); 
P. africana ($152/m3, $121/bag); R. melanophloeos ($76/m3, $106/bag).

The estimated timber volume for the four key bark species ≥30 cm DBH from the two
forests totaled 57,957 m3 (76% O. bullata) with a potential timber value of $15.17 million
(88% O. bullata). Estimated bark volume for trees ≥10 cm totaled 254,604 bags with 35
kg/bag (79% O. bullata) and a potential bark value of $30.53 million (80% O. bullata), that
is, a much higher value than the timber. However, only an estimated 63,519 bags, worth
$7.61 million (85% O. bullata), were harvested. Unfortunately, the illegal nature of the trade
and loss of bags in the forest results in not all the harvested bark reaching the market, while
the destructive collecting methods cause much of the capital to be lost. In fact, many of the
trees were already dying at the time of the survey in May and June of 2000. A resurvey of the
two forests in January 2004 showed that one of the nine harvested trees of P. africana died
with no coppice regrowth. Of the 126 O. bullata trees recorded, 80 were harvested standing
and a few were cut; 66 of the standing trees were dead, of which only 34 (51%) showed signs
of basal sprouting (root system still alive). Hence, by allowing dying trees to die without cut-
ting, all the remaining bark on a tree was lost, together with the timber, as well as halving the
population of this legally protected species within the forest.
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Impacts of Uncontrolled Bark Harvesting on Tree Populations
Collectors generally peeled small pieces of bark but removed large sections from species in
high demand, often ring-barking to heights of 2–10 m. Sometimes trees were felled to harvest
bark from the upper parts, but the timber was not used. Occasionally neighboring trees 
were even felled onto standing trees to enable harvesters to climb higher. The degree of ring-
barking had a greater negative effect on crown condition than the total percentage of bark re-
moved from the stem; trees with <40% living crowns were considered to be dying.

O. bullata was observed to quickly develop coppice shoots at the base of the stem (basal
sprouts) or around the debarked wound (stem sprouts), though the coppice shoots were heav-
ily browsed. If severely debarked, the tree and its coppice shoots, particularly stem sprouts,
died. In 2000, most standing debarked trees in Nzimankulu and Malowe forests were dying,
and by January 2004, 82.5% of these were dead, with more than 50% developing no vegeta-
tive regrowth. However, if such trees were cut down, they developed vigorous coppice re-
growth from the stump (i.e., from an established root system). Debarked P. africana trees rap-
idly regrew bark through cambium development on the wound and also developed coppice
shoots. However, R. melanophloeos and C. myrtifolia did not easily develop basal or stem
sprouts or callus tissue around debarked wounds. 

Regulating the Use of Natural Capital and Associated Practical Measures
The production rate of a resource determines how much can be used sustainably. Like the
interest rate on invested capital, if the amount used exceeds this, the invested capital is
eroded and future benefits decline. For sustainable bark harvesting, both tree growth and
bark recovery rates are important considerations. Information on mean growth rates (stem di-
ameter or plant height) within a specified time period, the range in rates and causes of rate
fluctuations are not yet known for the Umzimkulu forests (Geldenhuys 1999b). Bark-harvest-
ing experiments in South Africa, Malawi, and Zambia will soon provide baseline data on
rates of bark regrowth on wounds caused by removal of vertical strips of bark 5–20 cm wide
and 1 m long  (Vermeulen and Geldenhuys 2004). It was also noted that marked O. bullata
stumps produced multiple coppice shoots of 3–4.5 m height in eighteen months, that is,
within the range reported by Lübbe (1990). Such regrowth offers the potential for future ro-
tational harvesting of individual stems.

Sustainable harvesting practices require an understanding of the ecological processes op-
erating in a natural habitat. Observations during the forest surveys, combined with other in-
formation and knowledge, indicated how management could be improved. For most tree
species, the best practice is to remove bark in long, vertical strips about 10 cm wide, with a
thin, flexible blade such as a bush knife, without lifting the bark edge. Subsequent applica-
tion of “tree seal” prevents the wounded wood from drying out, but it does not appear to pre-
vent insect boreholes or fungal development on the wound, or to facilitate bark recovery,
though responses varied among species (Vermeulen and Geldenhuys 2004). Species for
which bark does not readily recover should be selectively felled as part of a regulated system,
so that all the bark (and the timber) can be used. The forest margin tree R. melanophloeos
could easily be managed in this way, while also facilitating stand development toward mixed
forest.
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It has been proposed that species with the ability to coppice, which are dying due to ex-
cessive bark harvesting, should be felled where to do so does not endanger other trees. This
would enable the remaining bark to be harvested, processed, and stored for gradual release
into the market. The main-stem timber (for high-quality furniture) and branches (for tourist
industry wood crafts) would provide an additional income source to local entrepreneurs.
Management of the coppice regrowth could ensure future productivity. Such an interim, 
holistic-harvesting approach would have enabled the gradual establishment of a regulated
system for extraction, based on tree and bark production rates. Sadly, the resource managers
did not implement this suggestion, and the capital value of the timber and bark was lost
(table 20.1). 

A simple and practical approach to protect coppice shoots against cattle and browsing
wildlife was to stack branches from the cut tree or other fallen dead trees over the stump, or
around developing coppice shoots at the base of a debarked tree.

Development of Alternative Natural Capital Resources
Alternative resources have to be developed if natural resources cannot satisfy the demand.
When planning supplementary planting of indigenous species, it is necessary to consider
finding planting stock that will not cause genetic pollution in the natural environment. 

Planting Stock

Resource management to increase yields can reduce harvesting pressure on limited natural
resources that usually have low productivity (Geldenhuys and Delvaux 2002). Besides cop-
pice management, techniques include the establishment and protection of seedlings and the
planting of mixed stands of high-demand species. These economically important species can
be planted close to the villages or home gardens as live fences, without impacting on existing
grazing and crop land. Otherwise, they could be planted in small open areas (mainly in ri-
parian zones) within timber plantations or other productive land use systems.
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table 20.1 

Estimated volume and potential value of timber and bark in Malowe and Nzimankulu forests,
Umzimkulu District (June 2000) 

Timber
Bark

Estimated Harvested 
Volume Value, volume volume Value, Value, 

Species m3 $ (bags) (bags) total ($) used ($)

Cryptocarya myrtifolia 2.59 235.79 9.73 0.85 1,034.96 90.41
Ocotea bullata 39.85 12,112.96 182.09 48.58 22,139.16 5,906.30
Prunus africana 7.12 1,082.56 21.08 1.96 2,563.40 238.30
Rapanea melanophloeos 2.47 187.34 15.64 5.63 1,664.04 598.86
Total 52.03 13,618.65 228.55 57.02 27,401.56 6,833.89

Sources: Calculations based on bark-yield data in Geldenhuys et al. (2002) and Geldenhuys and Rau (2004). 
Note: US$1 = SA Rand 6.58 [31 December 2003]; one bag of bark weighs 35 kg.
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Alternatives to bark harvesting include the less destructive collection of leaves from
planted trees, and their use in pharmaceutical production of medicines, which would be 
a long-term solution provided that they are affordable for the rural poor (Mander et al. 
2006).

Seedlings of several bark-harvested species in the Umzimkulu forests that lacked regener-
ation were found naturally occurring in the adjacent timber plantations. Birds dispersed
seeds over considerable distances away from the forest margin into the plantation. A survey in
the twenty-one-year-old Pinus patula stand adjacent to Nzimankulu forest recorded between
6,250 and 6,380 seedlings per hectare of twelve forest species (Geldenhuys and Delvaux
2002). These seedlings were strong and grew fast because of the better light conditions. This
plantation was used as a nursery. Traditional healers from the nearby Cancele village col-
lected seedlings for planting inside the fence around their primary health care center. Forest
managers transplanted seedlings to rehabilitate forest gaps and margins. 

Genetic Variation and Active Ingredients of Harvested Species

Many of the forest species investigated here have widely distributed but disconnected popu-
lations, resulting in distinct provenances (Von Breitenbach and Von Breitenbach 1995). The
genetic differences in O. bullata (Van der Bank 2000) are reflected in its external morphol-
ogy (leaf shape and size, growth habit) and growth variability (vitality of seedlings and vege-
tative regrowth) across its geographical range (Geldenhuys 2004), therefore, as a precaution-
ary general rule to maintain genetic integrity, cultivation of a species from the wild, in the
wild, should use local material and not import this from elsewhere. 

The active ingredients in the bark associated with healing are also present in the leaves,
but in lower concentrations (Drewes and Horn 2000). The leaves can therefore be used for
the same healing purposes as the bark. However, this requires an attitude change in the tradi-
tional healers, some of whom were willing to try this alternative.

Monitoring and the Adaptive Management of Natural Capital
In the development of sustainable bark-harvesting practices there are many unknown vari-
ables. The least favorable option was to implement research and wait for results, because in
the meantime the resource may be lost. The better option was to apply an adaptive manage-
ment approach, using conservative harvesting practices based on available information in
conjunction with research and monitoring. Harvesting methods can then be adapted as new
information becomes available. 

In the bark studies, much information was obtained during the resource survey. Some dy-
ing O. bullata trees were cut, with some of the stumps experimentally covered with branches.
This showed that the assumptions were correct from the survey observations regarding vigor-
ous sprouting of cut trees and the need for protection against browsing. The experimental
bark studies also provided refinement of the initial observations of bark recovery responses,
and thus this monitoring and reevaluation will be continued as an integral part of adaptive
management. 
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Institutional Structures for Participatory Forest Management
A participatory, rather than a top-down, approach was used to resolve the issue of uncon-
trolled bark harvesting. Following the bark-resource survey, discussions were held with a
group of twelve bark harvesters from the Umzimkulu District selling their products at the
Durban Herbal Market. The harvesters were largely willing to participate in discussions for
seeking a solution, if it allowed them to continue earning a living. They were mostly women
from the Umzimkulu District, and they depended almost entirely on bark harvesting and
trade for their livelihoods. 

In all meetings, resource managers of the Department of Water Affairs and Forestry
(DWAF), the state department responsible for forest management in the area, were present to
facilitate open discussions, shorten administrative procedures, and assist both groups in
reaching a common understanding. Meetings were held at the Durban Herbal Market to
clarify the intentions and objectives, and in Nzimankulu forest to identify and discuss the
harvesting issues. The harvesters were assisted to form an association through which an agree-
ment could be negotiated with the DWAF, and follow-up meetings were held to maintain
regular communication. 

The Sizamimpilo Association for medicinal plant harvesters was formed as a legal entity
to interact with the DWAF. The members, with the assistance of an external facilitator, par-
ticipated directly in drafting their constitution. The key components, in terms of sustainable
resource management, were (1) to develop the business skills of members; (2) to train them
in bark-harvesting techniques that would ensure sustainable tree use; and (3) that all mem-
bers sign an agreement between themselves and the association that bound them to a set of
agreed objectives, standards, and rules (Geldenhuys 2004). 

DWAF granted permission to the Sizamimpilo Association for harvesting bark under
guidance of the management plan for natural forests in the Umzimkulu District. Practical
training sessions were organized with the forestry and nature conservation authorities and the
bark harvesters. Each member carried a visible identification tag with her or his name and
the association logo. Membership grew from the initial twelve in 2000 to over two hundred
by the end of 2003.

The Umzimkulu Forest management plan provides guidelines for sustainable resource
use and stipulates the arrangements between the DWAF and the Sizamimpilo Association.
Guidelines distinguish between immediate action in degraded areas and long-term manage-
ment. In terms of immediate action, the purpose of tree harvesting was to salvage damaged
and dying trees. By contrast, the long-term management is for sustainable timber and bark
harvesting, based on natural turnover, the recovery rate of the debarked wounds and cut
stumps, and the development of alternative resources. The monitoring program that aims to
provide longer-term information feeding into sustaining the bark-harvesting practices com-
plements this. 

Contribution

The partial capital value for timber and bark of selected tree species in Malowe and Nzi-
mankulu forests is large: $40,000/ha. Assessment of the size and condition of the capital has
shown that much loss occurred through wasteful, illegal-harvesting practices. The external
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flow of bark, from the forest to the market, was much higher than the production and recov-
ery rate of bark inside the forest. This damaged the remaining trees as the source of bark and
also destroyed the remaining bark through the death of harvested trees and their inability to
recover by vegetative regrowth. The root causes were a lack of control by state authorities;
commercial bark-harvesting practices that ignored traditional conservative practices; and a
lack of understanding of the species-specific ecological processes that maintain the natural
capital, namely tree growth, bark regeneration, and tree recruitment.

However, the study showed that the forest is not necessarily a “museum object” but a dy-
namic system. Analyses of the forest survey data showed that the target species had popula-
tion structures typical of tree species requiring some disturbance and more light for their
seedlings to become established. Disturbance seems to be necessary but has to be controlled
and managed. Recommended restoration practices include the felling of dying tree species
that coppice and the translocation of seedlings to the available canopy gaps. Fire exclusion
and protection from browsing are necessary for securing the investment in species restora-
tion. Even for species with poor bark recovery there are options for harvesting them sustain-
ably, if their requirements for recruitment and bark recovery are understood.

Human needs can be harmonized with the potential of natural capital production in
forests through sustainable resource-harvesting practices. The women of the Sizamimpilo As-
sociation showed that they are willing and keen to adapt to the new practices and to become
part of the forest management action, including the control of illegal bark harvesting from
these and other forests. An adaptive research and management approach, combined with the
participation of local traditional resources users, should be considered by resource manage-
ment agencies. This study has shown that forest natural capital can potentially be restored
through an integrated approach focusing on sustainable business development, with short-,
medium-, and long-term strategies to address critical issues, and through involvement of all
relevant stakeholders from the start. An appropriate survey of the bark resources and harvest-
ing impacts provided insight that improved resource management practices. Working with
the bark harvesters, who had vested interests in finding a solution, rather than with the com-
munity at large, facilitated good collaboration. However, this collaboration between the re-
source managers and bark harvesters needs further development and frequent discussions to
maintain the best working relationship. Training of bark harvesters and resource managers
was part of the exercise from the start. A legal framework within which the bark harvesters
could operate facilitated the establishment of a management and monitoring program. This
integrated approach should have a more positive long-term effect on the flows of medicine
bark and the forest natural capital than forest protection by exclusion and prosecution of
 harvesters. 
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Chapter 21

Assessing Costs, Benefits, and Feasibility of
Restoring Natural Capital in Subtropical 

Thicket in South Africa

Anthony J. Mills, Jane K. Turpie, Richard M. Cowling, 

Christo Marais, Graham I. H. Kerley, Richard G. 

Lechmere-Oertel, Ayanda M. Sigwela, and Mike Powell

South African subtropical thicket, a tall thorny shrubland, is the principal form of natural
capital in the southwestern part of the Eastern Cape (ca. 33°S, 25°E). Numerous benefits ac-
crue from this vegetation. It supports an exceptionally high natural diversity and abundance
of large browsing mammals, such as black rhinoceros (Diceros bicornis), elephant (Lox-
odonta africana), and antelope (Skead 1987; Kerley et al. 1999); is often intensively harvested
by local people for wood, fruit, and medicines (Cocks and Wiersum 2003); can sustain ap-
propriately managed goat pastoralism (Aucamp 1976; Stuart-Hill and Aucamp 1993); is the
center of a growing tourism industry (Kerley et al. 2002); and, for a semiarid region, stores an
unusually large quantity of ecosystem carbon (Mills et al. 2005).

The subtropical thicket is composed of succulent (e.g., Portulacaria afra) and spinescent
shrubs (e.g., Azima tetracantha, Gymnosporia polyacantha, Putterlickia pyracantha, Rhus
longispina), as well as small trees (<5 m) (e.g., Pappea capensis, Euclea undulata, and
Schotia afra). Despite a long association with large, indigenous herbivores (Midgley 1991;
Kerley et al. 1995), the thicket is surprisingly sensitive to injudicious goat pastoralism (Stuart-
Hill 1992). Heavy browsing by goats can transform the dense, closed-canopy shrubland into
an open savanna-like system (figure 21.1), a process that can occur possibly within a decade
(Hoffman and Cowling 1990b; Lechmere-Oertel et al. 2005a). Of the 16,942 km–2 of solid
(unbroken canopy) thicket (with a P. afra component), 46% has been heavily impacted and
36% moderately impacted by domestic herbivores, while only 1.8% and 0.5% have been
transformed by cropping and urbanization, respectively (Lloyd et al. 2002). 

Excessive goat browsing in this ecosystem depletes natural capital by reducing species di-
versity (Moolman and Cowling 1994; Johnson et al. 1999; Lechmere-Oertel et al. 2005a),
above- and belowground carbon stocks (Mills et al. 2005), soil quality (Mills and Fey 2004),
and plant productivity (and hence livestock stocking capacity) (Stuart-Hill and Aucamp
1993). Differences in plant productivity between transformed and intact thicket are espe-
cially apparent during drought years (Stuart-Hill and Aucamp 1993). Transformation also re-
duces the availability of wood, fruit, and medicines for local communities, with a potential fi-
nancial loss of approximately US$150 per annum per household (Cocks and Wiersum
2003). In this chapter, we discuss proposed methods for restoring the natural capital of sub-
tropical thicket, the ecological thinking underlying these methods, and the economic viabil-
ity of restoration at a landscape scale.
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Restoring Degraded Natural Capital in the Eastern Cape

Unlike indigenous browsers, such as black rhinoceros, elephant, and kudu (Tragelapus strep-
siceros), which prune the shrubs from above, goats browse from within and below the shrub
canopy (Stuart-Hill 1992). Goats are able to select leaves among the thorns and appear to be
less affected by the thorny defenses of the thicket plants than are larger indigenous mammal
species (Wilson and Kerley 2003). Unfortunately, rapid restoration (achieved within a hu-
man lifetime) is not as simple as just removing the goats. Regeneration in formerly heavily
impacted thicket is slow or nonexistent (Stuart-Hill and Danckwerts 1988), being primarily
hampered by a lack of shrub recruitment (Sigwela 2004). 

Restoration, therefore, requires active intervention to establish shrubs; yet there is no con-
sensus on the most practical and effective methods. Sowing seeds is unlikely to be effective
(Todkill 2001), as the harsh microclimate of the exposed soil in transformed thicket appears
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Figure 21.1. A fenceline contrasts semiarid thicket transformed by goat keeping (left) with intact
thicket (right).
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to limit seed germination and also prevents seedling recruitment of thicket plant species that
normally establish in protected microsites beneath the shrub canopy (Holmes and Cowling
1993; Sigwela 2004). 

A potentially cost-effective, practical restoration method is planting cuttings of the succu-
lent shrub P. afra (spekboom) (Swart and Hobson 1994). This shrub is dominant across large
areas of the thicket biome (Vlok et al. 2003), especially in arid and valley thickets. It propa-
gates vegetatively from branches that reach the ground at the canopy edge or those broken off
by large browsing mammals (Stuart-Hill 1992) and is able to switch between C3 and CAM
photosynthetic pathways (Guralnick et al. 1984a, 1984b), an unusual and useful adaptation
to arid conditions. The use of C3 photosynthesis when soils are wet probably enables P. afra
to be more productive than succulents that use only CAM. Several land managers have used
P. afra cuttings to restore the shrub cover of transformed thicket. At Krompoort (between
Uitenhage and Steytlerville), for example, cuttings were planted in 1976 at 1–2-m intervals.
By 2005, a thicket composed of shrubs over 2 m high covered 90% of the experimental site
(Mills and Cowling 2006).

Subtropical Thicket Restoration Project 

Initiated by the Working for Water program of the South African government, the Subtropi-
cal Thicket Restoration Project aims to demonstrate the logistical and practical feasibility 
of restoring thicket at a farm scale (i.e., hundreds of hectares); to provide quantitative in-
formation on biodiversity gain and carbon sequestration rates in restored sites; to quantify
the financial costs of restoration; and to establish the protocols and methods for sourcing
funding that will initiate restoration on a landscape scale (i.e., thousands of hectares) (figure
21.2). 

Currently, cuttings of P. afra and other easily propagated succulent taxa typical of sub-
tropical thicket (e.g., Crassula, Aloe, Euphorbia, and Cotyledon spp.) are being planted in
various densities (1–3-m intervals) and patterns (e.g., clumped or scattered) at a farm scale.
Exclosures have been constructed to determine the effect of browsing by indigenous herbi-
vores on plant establishment; and pioneer shrubs are being propagated in a nursery. Pioneer
shrubs are relatively resistant, being the last component to disappear under heavy goat brows-
ing (Hoffman and Cowling 1990b; Stuart-Hill 1992), and are likely to create suitable mi-
crosites for establishment of larger shrubs or trees (e.g., E. undulata, P. capensis, and Siderox-
ylon inerme) (Cowling et al. 1997). It is anticipated that pioneer shrubs bearing bird-dispersed
fleshy fruits (e.g., Lycium spp., R. longispina, A. tetracantha, Carissa bispinosa) and P. afra
cuttings with mistletoe infestations (e.g., Viscum crassulae and V. rotundifolium) will attract
birds that, in turn, will accelerate plant diversity reestablishment into restored sites via dis-
persal of seeds from the surrounding intact subtropical thicket. 

Can Ecological Integrity Be Restored?
Restoration implies the return of ecological integrity and the full pattern of biological com-
plexity and diversity, together with the ecosystem processes that maintain this pattern (Hobbs
and Norton 1996). Planting cuttings of P. afra and other succulent plant species does not
qualify on its own as restoration. We hypothesize, however, that P. afra in particular will im-
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prove the microclimate of the planting sites for plant growth and will provide cover for seed-
dispersing animals and birds, thereby facilitating natural ecosystem recovery. 

At present, many transformed thicket landscapes appear to have abiotic barriers that restrict
seedling establishment. These barriers include extreme soil-surface temperatures (up to
50°C), reduced soil water-holding capacity (Lechmere-Oertel et al. 2005b), and soil crusts
(Mills and Fey 2004). Planting P. afra and other succulents could remove such barriers by
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Figure 21.2. Objectives of the natural capital restoration project. Biological and economic informa-
tion will be provided to access various sources of funding to initiate a landscape-scale restoration proj-
ect across the thicket biome. (GEF: the Global Environment Facility)
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shading soils and returning organic matter. Remnant shrubs are likely to benefit from the ef-
fects of P. afra establishment, though seedlings do not establish readily under P. afra canopies
(Sigwela 2004), possibly due to root competition, excessive shading, rainfall interception, al-
lelopathy, or a combination of these mechanisms. It is not known to what extent seedlings will
establish via natural dispersal adjacent to P. afra canopies or below planted pioneer shrubs. An
adaptive management approach is advocated whereby restoration methods will be fine tuned
as research during the implementation phase yields knowledge on shrub establishment. 

In some restored sites, P. afra may show a greater dominance than it does in pristine
thicket (Mills and Cowling 2006). We suggest, however, that although P. afra–dominated
thicket may produce a new stable state (i.e., different from the pristine state), this plant com-
munity is preferable to the present transformed landscape because it provides a food source
for livestock or indigenous herbivores during drought, and its value is likely to increase
through time as soil carbon reserves accumulate and additional plant and animal species col-
onize the site. Whereas the natural capital of a site restored with P. afra is likely to appreciate,
that of a transformed and denuded landscape depreciates with time due to ongoing death of
remnant shrubs and trees (Lechmere-Oertel 2005a), loss in soil quality, and reduced ecosys-
tem productivity. Milton (2003) discusses the concept of “emerging ecosystems” (ecosystems
that emerge from land that has been cleared of natural vegetation for agricultural, industrial,
or commercial use) in a South Africa context and notes that if society decides to manage
these emergent states it is possible that their social, economic, and ecological value may be
enhanced. Transformed thicket restoration using P. afra cuttings may be an example of such
management.

Can We Create a Hyperbeneficial Thicket?
Transformed landscapes where P. afra used to be dominant should be the initial target areas
for restoration programs using cuttings of this shrub. However, landscapes where P. afra oc-
curs, though not as the dominant plant, should not necessarily be precluded. Decisions by
landowners could be taken to create new P. afra ecosystems that are both sustainable and pro-
ductive. Such a designer ecosystem (Palmer et al. 2004) could potentially provide more ben-
efits than the original thicket, as is achieved in some tropical forest systems (Gadgil et al.
1993; McNeely 1994), where useful planted species occur in greater abundance than natu-
rally. In the case of thicket, these could include fruiting species (e.g., C. bispinosa and P.
capensis); valuable browse species (e.g., E. undulata); species utilized for cultural practices
(e.g., Olea europaea subsp. africana) (Cocks and Wiersum 2003); medicinal plants (e.g.,
Gasteria bicolor, Bulbine spp., Haworthia spp., and Aloe spp.); and threatened species, such
as cycads (Encephalartos latifrons and E. arenarius) and succulents (e.g., Haworthia and Eu-
phorbia spp.) of conservation significance and horticultural importance (Victor and Dold
2003). This type of restoration could be viewed as ecosystem farming, rather than just return-
ing biological integrity to a landscape.

Potential Benefits of the Restoration of Natural Capital

Thicket vegetation provides a variety of ecosystem goods and services that contribute to the
economy; these include livestock keeping, nature-based tourism, and goods such as plant
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products used for domestic consumption and sale. Other benefits such as pollination and wa-
ter flow have yet to be quantified. Restoration will in addition promote the sequestration of
carbon, which in time could be sold or traded in international markets. 

Livestock Keeping
The stocking capacity for mammalian herbivores, measured in large stock units (LSU), is
greater for intact P. afra thicket (0.14 LSU ha–1 in wet years; 0.08 LSU ha–1 in dry years) than
for transformed landscapes (0.07 LSU ha–1 in wet years; <0.01 LSU ha–1 in drought years)
(Stuart-Hill and Aucamp 1993). The shrubs in intact thicket buffer the stocking capacity of
the rangeland (Kerley et al. 1995) and enable effective stock management and planning
strategies (Stuart-Hill 1989; Stuart-Hill and Aucamp 1993). By comparison, the stocking ca-
pacity of transformed landscapes is less buffered and is likely to decrease with time as further
ecosystem decline occurs (Lechmere-Oertel et al. 2005a). Restoration with P. afra cuttings
does not preclude goat keeping as long as stocking rates and browsing periods are carefully
managed. Indeed, the ecosystem recovery rate is likely to increase if P. afra is browsed rather
than protected from herbivory (Aucamp et al. 1980). Further research is, however, required
to ascertain the appropriate stocking rates during restoration.

Nature-based Tourism
Conservation efforts should aim to capitalize on the Eastern Cape’s inherent attractions for
tourists, such as high densities of large mammals (Kerley et al. 1995; Boshoff et al. 2002),
spectacular scenery, and malarial absence. The tourism potential of restored thicket is likely
to be greater than transformed landscapes. Restoration, for example, will increase the wildlife
stocking capacity. Animals such as elephants and black rhinoceros (at appropriate and care-
fully managed densities) may even be vital for restoration success in terms of achieving bio-
logical integrity (Sigwela 2004). 

Plant Products
Many thicket species are harvested for household or commercial use. For example, in a rural
community near Peddie, 103 plant species are harvested on a regular basis by local people for
uses such as kraal construction (enclosures for livestock), fuelwood, rituals, fencing, wild
fruit, traditional medicines, timber, wild vegetables, sticks, tools, and fodder (Cocks and
Wiersum 2003). The mean gross direct-use value of thicket has been estimated to be US$150
per annum per household. Transformed landscapes are likely to yield considerably fewer me-
dicinal and nutritional benefits for local people as the plant communities, at their extreme
impoverishment, consist of herbaceous vegetation dominated by an Australian Atriplex
species (Fabricius, Burger, et al. 2003). 

Carbon Sequestration
The sequestration of carbon in biomass and soils during thicket restoration assists in the mit-
igation of global climate changes arising from an elevated atmospheric CO2 concentration.
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The sequestration rate will vary according to climate, planting density, herbivory intensity,
and soil type. Mills and Cowling (2006) quantified sequestration rates at Krompoort, a farm
near Kirkwood (250–350 mm annual rainfall), and in the Great Fish River Reserve near Gra-
hamstown (400–450 mm), where restoration using P. afra cuttings began in 1976 and 1982,
respectively. The difference in the estimated sequestration rates at Krompoort (4.2 t C ha–1

yr–1) and the reserve (1.2 t C ha–1 yr–1) has been ascribed to greater herbivory in the latter.
Predicted costs associated with vegetation destruction and subsequent carbon losses to the at-
mosphere (causing climate change) amount to about $12 per ton of carbon (Turpie et al.
2004). 

Poverty Relief
The Eastern Cape is afflicted with 49.4% unemployment of people between the ages of 18
and 65, compared with the national rate of 41.8% (SAIRR 2004). Restoration of 1 ha of trans-
formed thicket utilizing P. afra cuttings at a spacing of approximately 1.5 m requires approx-
imately fifty labor days. A project that restores 10,000 ha per year would consequently employ
approximately 2,000 laborers. There are about 4 million ha of transformed thicket, so there is
unlikely to be a shortage of land for implementing projects of this size. In addition to the pro-
vision of jobs, there will be numerous long-term benefits to local communities, such as im-
proved pasture and sustained access to fuelwood, timber, fruit, and medicines. 

Is the Restoration of Natural Capital Economically Viable?

Restoration costs depend on the initial planting density, which in turn is dependent on the re-
maining shrub cover. Costs also depend on whether restoration involves planting cuttings of
P. afra alone or establishing a variety of species. A preliminary estimate of the present value of
all costs for restoration of thicket, with less than 25% of the original biomass remaining, is ap-
proximately $722 ha–1 with P. afra only, and $862 ha–1 using a variety of species. Included in
these costs are sourcing of reproductive material; seedling propagation; initial establishment
of vegetative material; replacement of dead cuttings during the first two years; custodianship,
including invasive alien plant and domestic livestock control; and project management, ad-
ministration, monitoring, and evaluation.

We performed a cost-benefit analysis over a fifty-year period using a discount rate of 8% to
determine whether these restoration costs were justifiable in terms of the benefits yielded.
Benefits were a function of (1) the aboveground dry biomass of thicket, and (2) the extent to
which recovering thicket could be utilized. Biomass at any time period was in turn depen-
dent on the growth function used for recovering thicket.

We estimated the growth function of recovering thicket based on the findings at
Krompoort by Mills and Cowling (2006). The growth function

Bt–1Bt = Bt–1 + Bt–1.r �1 – ____�
K

was dependent on (1) the initial aboveground dry biomass (Bt–1) of the area to be restored (in-
cluding the biomass of planted cuttings), (2) the maximum biomass (K), and (3) the intrinsic
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growth rate (r), and was calibrated such that biomass reached 67 t ha–1 in the twenty-seventh
year. The biomass of planted cuttings was assumed to be about 0.15 t ha–1. With a very low
initial vegetation biomass of 0.125 t ha–1, to which the cuttings are added, and a K of 100 t
ha–1, the growth coefficient r equals 0.28. This suggests that a restored patch could reach a
biomass approaching 100 t ha–1 within about thirty-five years, though further research on
growth rates is required to verify this model. The limited data available suggest that growth
rates in the model are realistic. Aucamp and Howe (1979) measured a net primary produc-
tion of approximately 4.5 t ha–1 yr–1 (aboveground dry biomass) in P. afra thicket (assuming a
total dry:wet ratio of 0.4), and data presented by Mills et al. (2005) indicated that 100% P. afra
cover could generate 4.5 t biomass ha–1 yr–1 in leaf litter alone. Benefits considered within
the model were livestock and game production, harvesting plant products (assuming natural
recovery of biodiversity), and carbon sequestration. Herbivore-stocking capacity is a function
of aboveground biomass, and it was assumed that 85% of this is utilized for small stock and
the remainder for game. Stocking capacity was estimated as a function of aboveground dry
biomass (B), based on Stuart-Hill and Aucamp (1993) and Turpie et al. (2003), as follows:

CC(LSU/ha) = 0.0005 * B

The value of animal production was estimated as $220 LSU–1 yr–1 for livestock and $724
LSU–1 yr–1 for game (Turpie et al. 2003). In addition, the harvesting value (for medicinal
plants and firewood) was estimated as $0.02 t–1 biomass (Turpie et al. 2003). Both animal pro-
duction and plant harvesting potentially affect the vegetation recovery rate, with differences
probably linked to browsing pressure. The high recovery rates at Krompoort were attributed
to herbivore exclusion for about seventeen years, followed by low stocking densities. The
model thus incorporated an allowable-use factor for browsing and harvesting that was initially
assumed to be 0% of the browsing capacity for biomass <10 t ha–1 equated to roughly the first
seventeen years in the initial model), followed by 25% for biomass <60 t ha–1. These assump-
tions were varied in the sensitivity analysis.

Carbon sequestration (t ha–1 yr–1) (C) was estimated from aboveground dry biomass, (B)
using the ratio of total ecosystem carbon to aboveground biomass of 1.8:1.0 (Mills and Cowl-
ing 2006) as follows:

Cseq(t) = 1.8(Bt – Bt–1)

The value of carbon accumulated was estimated as $12 t–1, based on estimated damage
costs to vegetation in South Africa (Turpie et al. 2004). This also falls within the range of po-
tential income ($5–$25 t–1) that could accrue from carbon credit sales. Transaction costs (in-
cluding verification of carbon stocks) were included in the model.

The model results suggest that the financial benefits are potentially positive, although the
internal rate of return (IRR) on investment could be fairly low. The default scenario, which
most closely resembles the situation at Krompoort, had an estimated IRR of 9.2%. Hence, the
project could be considered financially viable only with a discount rate of less than 9.2%.
Projects implemented by multilateral funding bodies normally require an IRR of 12% to be
considered viable. IRR was sensitive to the growth rate of thicket, the degree to which the
area under restoration can be used for animal production, and the price of carbon. As the
growth coefficient r changed from 0.23 to 0.32, IRR rose from 7.9% to 10.3%. Changing ani-
mal production to 10% of stocking capacity for aboveground dry biomass <10 t ha–1 and to
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50% for aboveground dry biomass >10 t ha–1 resulted in an IRR of 11.2%. Results from the
Great Fish River Reserve, however, suggest that browsing reduced the recovery rate by two-
thirds (Mills and Cowling 2006), in which case returns would decrease rather than increase.
In addition, the carbon market value in the future is highly uncertain, being dependent on
international policy agreements. IRR changed from 8.1% to 10.8% across a range of $5–$25
t–1 carbon. If labor costs are excluded, then the economic rate of return for the baseline sce-
nario increases from 9.2% to 12.3%. Indeed, the more positive economic outlook lies in the
employment opportunities created by the project.

Given the implications for use, the quality and quantity of the initial biomass in the resto-
ration area is of critical importance to the outcome. With a starting biomass of 12.5 t ha–1

(within the most degraded thicket category), and assuming this biomass could be used by do-
mestic livestock or game, financial IRR’s could be potentially as high as 24%. Another possi-
ble source of error in the economic viability estimate is in the carbon sequestration rates,
which have been measured only on a very small scale at a few sites. It is quite possible that
these rates are much higher than realistically achievable on a large scale. This error would
largely be associated with the amount of carbon stored in soil. When below ground carbon
storage was excluded, the IRR decreased from 9.2% to 7.9%. Our results thus suggest that
while restoration on a large scale could be a viable option, further research is urgently re-
quired to improve the model.

Contribution

Subtropical thicket in the Eastern Cape, South Africa, has been transformed by unsustain-
able farming practices over the last century. This has reduced the flows of benefits for pas-
toralists, local communities, game farmers, tourism operators, and conservationists. The
large-scale restoration of transformed thicket using labor-intensive methods to plant cuttings
of P. afra and pioneer shrubs would provide temporary employment, thereby assisting in the
alleviation of rural poverty and would simultaneously increase the landscape value for all
land users. Preliminary analysis suggests that, although the costs of restoration are high, the
returns could make it viable at a large scale. The viability is dependent on the rate of carbon
sequestration, the price of carbon, and the potential for restored land to support livestock, all
of which are highly uncertain variables at present. The Subtropical Thicket Restoration Proj-
ect aims to develop effective methods for restoration and to reduce the uncertainty within the
present economic model.
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Chapter 22

Costs and Benefits of Restoring Natural Capital
Following Alien Plant Invasions in Fynbos
Ecosystems in South Africa 

Patricia M. Holmes, David M. Richardson, and Christo Marais

Fynbos ecosystems are located in the Cape Floristic Region (CFR) in the Western Cape
Province of South Africa, one of the floristic “hotspots” of the world (Myers 1990). The soils
of this area are too poor for crop production, and the vegetation has no value for livestock
husbandry; however, the area has a rich natural capital of fine-leaved evergreen shrubs and
reeds unique to the area. These include striking flowers (Proteas, Leucadendrons, Ericas,
and others) that have a high value for tourism as well as for the cut- and dried-flower trades,
thatching reeds, and medicinal plants. Apart from the income streams that flow from these
stocks, this vegetation protects the acid, sandy soils of the rugged mountains, ensuring a
steady flow of clean water to the large human population of the Western Cape region. Inva-
sive alien plants (IAPs), particularly trees and shrubs (Richardson and Van Wilgen 2004),
threaten natural capital in this region. Research on the ecology and impacts of the principal
invader-plant species provided the rationale for the Working for Water program (WfW), initi-
ated in 1995 (Van Wilgen et al. 1996; Van Wilgen 2004). This government-sponsored pro-
gram seeks to protect water supplies and restore productive and conservation land, primarily
through labor-intensive IAP clearance operations at a national scale. 

In this chapter, we address two questions: (1) Are the currently applied methods for clear-
ing IAPs adequate for restoring natural capital following invasion? and (2) Do the benefits of
restoring natural capital outweigh the costs? We consider the mechanisms of invasion and
the opportunities for intervention that arise at each stage. We also introduce a framework that
combines issues of scale (biome, watershed, plant community) and invasion history, to con-
ceptualize the opportunities and actions required for restoring natural capital, as well as the
costs and benefits.

Priorities and Actions Required for Restoring Natural Capital 
in Fynbos Ecosystems

IAP species affect various natural capital stocks (indigenous plants) and flows (particularly
water and aesthetic values), depending on the species invading, the ecosystem being invaded,
the history of invasion, and the scale being assessed. We present the main priorities for resto-
ration at the different scales, under recent and long invasion histories, in a conceptual frame-
work (table 22.1).
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table 22.1 

Conceptual framework to identify the main priorities for restoration by removal of invasive alien plants
Scale Main priorities Actions

Biome: 90,000 km2 Prevent entry of new alien • Screen entry points for new potential 
plant invaders. plant invaders. 

• Collaborate with enterprises relying on
alien plant species.

Prevent spread of emerging • Implement rapid clearing and follow-
alien plant invaders. up actions on emerging plant invaders.

• Initiate biological control research for
emerging plant invaders.

Strategic plans for control of • Identify and map transformer plant 
transformer alien plant species. species.

• Prioritize watersheds for clearance
based on (1) potential for further
spread of plant invaders; (2) magnitude
of impacts on biodiversity, ecosystem
functioning, and productivity; and (3)
importance of watershed for conserva-
tion, agriculture, and water production.

• Initiate biological control research for
transformer species not yet under sub-
stantive control.

Watershed: 50–250 km2 Prioritize clearance to mini- • Clear low-density stands and outliers 
mize ecological impacts of first.
alien plant invasion. • Clear from top of watershed down-

ward.
• Clear sites with high biodiversity and

consumptive-use value.
Restore natural capital. • Restore direct consumptive-use value

(e.g., harvesting potential).
• Restore indirect consumptive-use value

(e.g., clean water yields).
• Restore nonconsumptive-use value

(e.g., diversity of habitats, tourism po-
tential).

Plant community: 0–10 km2 Restore natural capital. • Control invasion by alien plants by rec-
ommended methods ensuring ade-
quate provision for follow-up control.

1. Medium-dense alien • No further action required beyond 
stands (25%–75% canopy alien plant control; community on a 
cover) trajectory of natural recovery.

2. Recent closed stands • Reintroduction of serotinous overstorey 
(>75% canopy cover) species, if local species important in 

flower-harvesting trade.
3. Long-term closed stands • Reintroduction of serotinous overstorey 

(two or more cycles) species and other long-lived species.
4. Long-term closed stands + • Post-fire physical stabilization of unsta-

at risk of soil erosion (gran- ble slopes.
ite and shale substrata) • Scarification or soil turnover in heat

scars.
• Reintroduction of fast-growing, short-

lived species for soil stabilization.

Note: Actions are for mountain fynbos; adjustments should be made for other vegetation types (e.g., earlier seeding intervention where
seed banks are short lived). 
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Fynbos typically is a fire-prone, sclerophyllous, shrubland vegetation growing on nutrient-
poor soils under a Mediterranean-type climate (Cowling and Holmes 1992). Although
species-rich, fynbos has low forage value. Biodiversity underpins the total economic value of
fynbos ecosystems by providing the basic structural components (i.e., “stocks”) for ecosystem
functioning and, ultimately, productivity (i.e., “flows”) (Turpie 2004). Fynbos biodiversity di-
rectly supports the flower harvesting, horticulture, and other specialist consumptive-use in-
dustries. An analysis of fynbos products indicated that the average value of harvests for all fyn-
bos ecosystems is US$4 ha–1 y–1 at farm gate level (Turpie et al. 2003) (The exchange rate
used for all economic values is ZAR6.58=US$1[31 December 2003].) However, the total
economic value of fynbos natural capital greatly exceeds this (Turpie 2004) because of the
value of the services it provides. Direct nonconsumptive use (tourism), indirect consumptive
use (beekeeping and water production), and nonuse (future use and existence) values were
estimated to exceed $192 ha–1 y–1 for mountain fynbos. No comparable information is avail-
able for lowland sand plain fynbos.

Biome-Scale Requirements
It was the demonstrated negative effects of IAPs on water resources that prompted govern-
ment action in the form of the WfW program (Van Wilgen et al. 1996). Economic analyses
of the hydrological impacts of IAPs show that large-scale clearance programs are justifiable
on the basis of the water benefits alone, despite the high costs involved (Van Wilgen et al.
1997; Higgins et al. 1997; Turpie and Heydenrych 2000; Turpie 2004). Nevertheless, these
high costs could have been avoided had potentially invasive plant species been prevented
from entering the region and becoming established. Thus, at national and biome scales, the
top priority is to implement a screening system and risk analysis, in collaboration with enter-
prises reliant on IAPs (agricultural, forestry, and horticultural), to ensure that only low-risk
species are imported (Richardson and Van Wilgen 2004) and that new species are closely
monitored. The second priority is to prevent the spread of emerging invader-plant species,
which have a high local proliferation and impact but have not yet spread extensively. The
third priority is to plan strategically to control the well-established invasive species, especially
transformers that replace indigenous vegetation (Wells et al. 1986). Transformer species
should be identified and mapped and watersheds prioritized for clearance based on the crite-
ria outlined (table 22.1). Any transformer species not under substantive biological control
should be targeted for further research (Zimmermann et al. 2004).

Watershed-Scale Requirements
At the watershed (or catchment) scale, IAPs have the potential to alter landscapes and reduce
water availability, thus impacting nonconsumptive-use values of fynbos ecosystems and
downstream users, respectively. Consumptive-use values may also be reduced in watersheds
that are heavily invaded or support extensive areas of closed alien stands.

Strategic planning at this scale of operation should involve IAP species mapping and the
prioritization of management units to minimize further impact. For example, to halt the
spread of IAPs in a watershed it is essential that isolated plants and low-density, alien plant
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populations are cleared first to reduce the invasive front. As some invasive alien species can
be dispersed in water, riparian habitat clearance should start from the top of the watershed. 

Of the economic and ecological benefits sought, clean water yields will be obtained most
quickly following IAP clearance and subsequent restoration of riparian and adjacent plant
communities (Scott et al. 1999). If water is the most important natural resource from the wa-
tershed, then riparian restoration should be a priority. However, time-consuming riparian
clearance of alien plants should not precede the removal of outlying low-density IAP stands,
in order to prevent expansion into pristine watershed areas. 

Plant Community–Scale Requirements
Mountain fynbos vegetation is fairly resilient to the impacts of alien plant invasion provided
that clearance treatments do not damage the long-lived, indigenous soil seed-banks on which
post-fire regeneration depends (Holmes and Cowling 1997a). Vegetation cover and structure
rapidly recover following IAP clearance, but species richness remains lower and is the most
sensitive disturbance indicator at the plant community scale (Holmes and Cowling 1997a;
Holmes and Marais 2000; Euston-Brown et al. 2002).

Healthy ecosystems mend themselves, but degradation may approach a threshold below
which recovery fails (Whisenant 1999). Although there are some conflicting studies (e.g.,
Grime 1997; Symstad and Tilman 2001), the level of remaining biodiversity is probably a
major factor influencing ecosystem functioning and recovery potential. 

Fynbos research indicates potential thresholds for different vegetation and substratum
types beyond which ecosystems do not recover sufficiently following invasion to reinstate
ecosystem structure and functioning (figure 22.1). For example, following a fell-and-burn
treatment for clearing hakea (Hakea sericea), of Australian origin, indigenous species rich-
ness and cover were at 40% of noninvaded fynbos on granitic soil, and severe soil erosion fol-
lowed (Richardson and Van Wilgen 1986). On a sandstone soil, however, no soil erosion re-
sulted from a similar treatment to clear pine (Pinus radiata) and acacia (Acacia mearnsii),
though recovery of fynbos richness (13%) and cover (45%) values were even lower relative to
intact fynbos (Holmes and Foden 2001).

Where there is a low recovery probability above the self-repair threshold, additional inter-
ventions will be required to prevent further environmental degradation by potential second-
ary IAPs and other biophysical changes. For example, fynbos on moderate slopes with fine-
textured soils may require physical stabilization following IAP clearance and burning.
Indigenous seed-banks are depleted during severe slash fires so that a range of native species,
including faster-growing herbaceous and longer-lived shrub species, should be sown prior to
the rainy season. 

Further actions may be required to restore the direct, consumptive-use values that in fyn-
bos vegetation are strongly linked to biodiversity. Reseeding is necessary for biodiversity re-
covery in areas exceeding five hectares that have been invaded by closed alien stands for two
or more fire cycles, because seed dispersal distances are short (meters rather than kilometers)
for most fynbos species (Holmes and Richardson 1999). In areas smaller than five hectares,
natural recolonization from surrounding intact vegetation may be sufficient. In all cases, re-
covery should be monitored closely and additional actions implemented where required.
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One of the first impacts of closed alien stands on biodiversity is to eliminate the overstory
shrub component that is dependent on canopy-stored seeds for post-fire regeneration
(Holmes and Cowling 1997a). This guild containing members of the Proteaceae and Bruni-
aceae, important in the flower-harvesting trade (Coetzee and Middelmann 1997; Rebelo and
Holmes 1988), should be reintroduced to enhance natural capital, even where ecosystem
functioning and a high proportion of biodiversity have been restored through IAP clearance
alone. This is essential as overstory Proteaceae are considered keystone species in fynbos
(Vlok and Yeaton 1999).

Finally, we consider that the currently applied methods for clearing invasive alien plants
are not adequate for natural capital restoration, where closed alien stands have been present
for over two fire cycles (twenty to forty years), or intense fires have occurred over large areas
(>5 ha). In most other cases, appropriate IAP control operations alone will result in natural
recovery. Fortunately, closed stands represent only 1.2% of alien invasions in mountain fyn-
bos (Rouget, Richardson, et al. 2003), and a high proportion of those may be recent stands
with good restoration potential. The situation is less positive for lowland sand plain fynbos,
where occupation by closed alien stands is similar (Rouget, Richardson, et al. 2003). In such
sites, restoration potential falls rapidly during the first cycle of dense invasion by leguminous
trees (Holmes 2002) and may require additional interventions such as soil nitrogen reduction
and species reintroductions to minimize secondary invasions.
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Figure 22.1. Schematic diagram illustrating fynbos restoration potential following dense, alien tree
invasion in relation to noninvaded fynbos. The black arrow indicates the impact of an unnaturally se-
vere fire on seed-banks and recovery potential. Thresholds 1 and 2 indicate the richness levels below
which ecosystem structure and functioning may not adequately recover, on granite and sandstone
substrata, respectively. Data from Holmes and Cowling (1997a,1997b); Holmes and Marais (2000);
Holmes and Foden (2001); Holmes (2002); and Holmes et al. (2000).

Soil seed-banks
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Costs and Benefits of Restoring Natural Capital in the Cape Floristic Region

Invasive alien species result in significant costs through losses and damage to natural and
agricultural systems, estimated for the United States alone at $137 billion per year (Pimentel
et al. 2000). Such a comprehensive figure for South Africa is not yet available, but it must be
substantial, despite the positive benefits of some invasive species (Van Wilgen et al. 2001).
For example, the net present cost of watershed invasion by one tree species, Acacia mearnsii,
is estimated at $1.4 billion in water lost through transpiration (De Wit et al. 2001).

Biome-Scale Costs and Benefits of Restoring Natural Capital
Negative economic impacts of invasive alien trees and shrubs are likely to be incurred when
they attain medium to high densities (>25% canopy cover). The total costs of IAPs in relation
to reduced water yields in the fynbos biome amount to $34.7 million per annum, based on
alien stand extent (Rouget, Richardson, et al. 2003) and estimated values of water yield loss
in medium and high densities (Turpie et al. 2003). Additional economic losses, using average
values generated for fynbos vegetation in Turpie et al. (2003), include potentially $0.9 mil-
lion per annum of florists’ material and $0.7 million per annum for pollination services. The
negative impact of IAPs on tourism, future use, and existence values are probably profound
but extremely difficult to measure. Nevertheless, the total estimate for losses of the more tan-
gible flows from the natural vegetation of the Cape Floristic Region amounts to $36.3 mil-
lion per annum as a result of current levels of alien plant invasion.

The Working for Water IAP-clearing program spent $219.4 million nationally between
1995 and 2000 (Van Wilgen et al. 2002), and projected costs for controlling IAPs in the fyn-
bos biome average $45.3 million per annum (table 22.2). Although slightly higher than the
estimated natural capital losses due to current invasion levels, this expenditure is justifiable
in terms of securing the future natural capital benefits. Furthermore, there is an opportunity
cost to be considered in not implementing alien plant control, as IAPs will continue to spread
exponentially and occupy hitherto noninvaded land (Higgins et al. 1997). Given that the
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table 22.2 

Costs of the Working for Water (WfW) invasive alien plant control program in the 
Western Cape Province. 

Costs (US$ million yr–1)

Scale 2002–03 Projected annual 
financial year costs requirement

Biome Implementation 13.63 42.43
Planning 0.08 0.26
Research 0.63 1.95
Biological control 0.23 0.71
Total 14.57 45.35

Watershed (George: 80 km2) Total 0.21 0.12 
maximum 0.41 
minimum 0.032

Source: WfW unpublished data.
Note: Costs are for a 30-year and 25-year clearing scenario for biome and watershed scales, respectively. The Western Cape Province is
used to represent the fynbos biome.
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Western Cape has a rapidly growing human population, particularly in the metropolitan
areas, and limited freshwater resources, uncontrolled expansion of IAPs into natural vegeta-
tion of the surrounding mountain watersheds would have negative consequences for eco-
nomic development and, potentially, human health in the province. 

It has been demonstrated that biological control (research and implementation) offers
large investment returns. For example, the calculated benefit:cost ratio of 104:1 was based on
a reduction in the extent and spreading rate of long-leafed wattle (Acacia longifolia) and re-
lated declines in negative economic impacts (Van Wilgen et al. 2004). Should insufficient
future funding be secured to ensure the required mechanical and chemical control of IAPs,
effective biological control would prevent targeted species from rapidly spreading to the
detriment of natural capital.

Watershed-Scale Costs and Benefits of Natural Capital Restoration
A modeling study on the economic viability of IAP removal in the watershed supplying the
town of George compared a twenty-five-year clearance and no-clearance scenarios (Larsen
and Marais 2001). Water production was perceived to be the most valuable product from the
watershed area and was the easiest to quantify. The method used calculated the net present
value of the costs (capital, management, and maintenance) of bulk water supply schemes in
the watershed over a forty-five-year investment period, with a discount rate of 8%. Results in-
dicated that the average discounted cost of bulk water supply was $0.05 m–3 higher for a no-
clearance scenario than a twenty-five-year clearance scenario (Larsen and Marais 2001). This
suggests that for water supply alone, the benefits of clearing IAPs at the watershed scale
clearly outweigh the costs. 

Plant Community–Scale Costs and Benefits of Restoring Natural Capital
IAP clearance costs depend on a number of factors besides alien stand density. The IAP
species determines whether herbicides are required to prevent resprouting after felling, and
the nature of difficult terrain can increase clearance costs. In addition, depending on the sen-
sitivity of the habitat, management costs will vary for handling felled material. For instance,
in riparian areas it may be advisable to remove biomass above the twenty-year flood level to
minimize the risk of logjams downstream. Where extraction costs are minimal, biomass
could even be sold to offset some of the clearance costs. 

In mountain fynbos, the total cost of restoring natural capital by clearing low-density
(5%–25% canopy cover) IAPs yields a benefit to cost ratio of 25.6 for Pinus pinaster or P. ra-
diata (4% discount rate over fifty years) (table 22.3). However, as the canopy cover of the
alien stands increases, clearing and restoration costs rise, while benefit to cost ratios decrease
(to 2.9 and 2.4 at a 4% discount rate for recently closed stands of pines and acacias [Acacia
mearnsii or A. saligna], respectively). These figures indicate the importance of early inter-
vention in minimizing restoration costs and maximizing the long-term benefits. Early clear-
ance of the low-density alien stands and outliers is a cost-effective investment for securing
natural capital, as fynbos recovery potential is high at this stage.

Although several studies have shown that fynbos may recover well following dense inva-
sion in terms of plant cover and structure, species richness appears to remain lower than ref-
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erence noninvaded vegetation due to local extinctions. Plant species with canopy-stored
seed-banks, such as overstory Proteaceae and Bruniaceae, are among the first to be elimi-
nated by dense stands of IAPs. As these taxa form the basis for the flower-harvesting industry,
it may be beneficial to reintroduce them in areas where this forms part of the local economy.
However, species reintroduction costs are high ($76 ha–1) relative to average annual flower-
harvesting values ($3 ha–1) in mountain fynbos (table 22.3). A less costly outcome may be
achieved without compromising the restoration of the site by reseeding part of the area to es-
tablish a plant population that would accumulate seed for natural dispersal following fires. 
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table 22.3 

Costs and benefits of alien plant clearance at community scale in mountain fynbos 
Benefit of restoring natural capital 

Average costs of restoration ($ ha–1 yr–1)
(US$ ha–1)

Consumptive Use
Clearance Alien Benefit:cost

Alien stand Species schedule control Additional restoration Direct Indirect ratio 4% (8%)

Light Pine Initial 86 • None required 0.2 31.6 25.6 (10.6)
Medium dense Pine Initial + 318 • None required 1.4 109.1 7.9 (3.4)

1–3FU
Closed, recently Pine Initial + 746 • None required 2.7 191.1 3.2 (1.3)

3–4FU
Closed, long Pine Initial + 746 • Reintroduce seroti- 2.7 191.1 2.9 (1.2)

term 3–4FU nous overstorey 
speciesa: $76 ha–1

Closed, long Pine Initial + 746 • Stabilize slopes 2.7 191.1 1.3 (0.5)
term, and soil 3–4FU using physical 
damage measuresb: $532 ha–1

• Sow seed mix of fast-
growing and long-
lived speciesc: 
$486 ha–1

Light Acacia Initial 93 • None required 0.2 31.6 23.8 (9.9)
Medium dense Acacia Initial + 395 • None required 1.4 109.1 6.8 (3.0)

2–3FU
Closed, recently Acacia Initial + 1,058 • None required 2.7 191.1 2.6 (1.1)

3–4FU
Closed, long Acacia Initial + 1,058 • Serotinous over- 2.7 191.1 2.4 (1.0)

term 3–4FU storey species: 
$76 ha–1

Closed, long- Acacia Initial + 1,058 • Stabilize slopes 2.7 191.1 1.3 (0.5)
term, and 3–4FU using physical mea-
soil damage sures: $532 ha–1

• Sow seed mix: 
$486 ha–1

Sources: Restoration costs from field trials (Holmes 2001); benefits calculated from Turpie et al. (2003).
Note: Benefit:cost ratios calculated using both 4% and 8% discount rates over a fifty-year period. Data are actual clearing costs Working
for Water (WfW) averaged over the canopy-cover classes (light 5%–25%, medium dense 25%–75%, closed >75%), incorporating initial
and up to four follow-up (FU) clearing treatments per stand. 
a A seed density sowing trial indicated that five seeds/m–2 is sufficient to reinstate an overstorey shrub layer of one to two mature plants/m–2

(P. Holmes, unpublished data). This is equivalent to 5,000 Proteaceae cones/ha–1 (mixed species), collected and sown at a cost of R500
ha–1, or approximately six person days ha–1. Costs are lower than other seed mixes, as cones are quick to collect and may be strewn directly
onto the soil to release their seeds in situ (P. Holmes, personal observations).
b Commercial installation costs are $2,050 ha–1 for logging at 3-m intervals; material costs depend on whether local, alien tree logs are
used or treated timber droppers bought (R0.5/m–1) and transported to site (D. van Eeden, personal communication). Comparable installa-
tion costs for job-creation program such as WfW are $532 ha–1 (C. Marais, unpublished data).
c P. Holmes, unpublished data.  (The exchange rate used for all economic values is ZAR6.58=US$1[31 December 2003].)
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Vegetation that fulfills some ecological function may recover following the clearance of
dense old stands (i.e., >40 years or >one fire cycle) of IAPs. However, fynbos seed-banks and
hence species and functional guild richness will be poorer than at sites cleared after shorter
invasion periods (figure 22.1). Provided that there are no immediate threats to ecosystem
functioning, such as soil instability or lack of indigenous cover to counter secondary alien
plant invasions, the additional costs of sowing a comprehensive fynbos seed mix ($486 ha–1)
may not be warranted. Species reintroduction via propagated material is an order of magni-
tude more costly (P. Holmes, unpublished data). Before a final decision is made on whether
to reintroduce species, the plant community should be assessed in its landscape context. If
the invaded area is extensive, or no indigenous seed sources occur within 0.5 km, then natu-
ral recolonization will be slow (Holmes and Richardson 1999) and species reintroduction
should be considered to speed up and enrich fynbos recovery. On state-owned land it may
even be possible to reduce seed collecting and sowing costs through initiating government-
funded, labor-intensive programs to relieve poverty.

Slope-soil stabilization and plant reintroduction will be required where major soil dam-
age has occurred (table 22.3) (Euston-Brown et al. 2002), particularly those vulnerable sites
in granitic areas subjected to high-intensity fires used for removing standing or felled invasive
alien shrubs. Indeed, soil stabilization should take place before the onset of winter rains to
avert severe erosion (Richardson and Van Wilgen 1986; Euston-Brown 2000), though the
commercial costs are extremely high, owing to the purchase and transport of treated timbers
and labor. If logs or branches of the felled vegetation can be used and labor supplied through
the Working for Water program rather than at market prices, costs may be markedly reduced
(table 22.3). These costs should be weighed against the in situ benefits of natural capital res-
toration, as well as the avoidance of potentially expensive soil-erosion impacts downslope. A
locally indigenous fynbos seed mix should be sown that includes both fast-growing species
and longer-lived components. If the fast-growing species are in short supply owing to recent
fires, commercially available, noninvasive, annual grass seed can be used to provide initial
soil-surface stability. The costs of such restoration actions generally will outweigh the short-
term benefits to a local landowner, while without the restoration of natural capital, the long-
term environmental and social costs could be unacceptably high. 

Contribution

Natural capital in fynbos vegetation is closely aligned to its biodiversity, because fynbos prod-
ucts, such as tea, flowers, and thatch, are derived from its rich floral diversity rather than its
forage value. Invasion by alien trees and shrubs threaten direct, as well as indirect, use and
nonconsumptive values. 

We consider that for mountain fynbos ecosystems, current IAP-control programs are ade-
quate for restoring natural capital in most situations. Fynbos seed-banks persist in the soil,
and, provided that alien plant clearance does not destroy this, sufficient biodiversity regener-
ates to sustain ecosystem functioning and services, including the supply of clean water, polli-
nation, and tourism and existence values. An exception may be the regeneration of species
that underpin the flower-harvesting industry, many of which do not have soil-stored seed-
banks. In a few local situations after prolonged invasion or intense fires, indigenous seed-
banks may be depleted to the extent that basic ecosystem structure and functioning does not
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readily recover. In these cases, additional restoration actions such as species reintroductions
and physical soil stabilization are required following IAP control.

At biome and watershed scales, alien plant control programs are justified in terms of the
benefits for securing future water supplies. Furthermore, the high opportunity costs of delay-
ing clearing underscores the urgency for initiating and sustaining control programs and mo-
tivates for investment in biological control as a safety net against future escalations in alien
plant invasions. It is more economical to prevent the entry and spread of new invader species,
through screening protocols and early eradication, than to control them at a later stage.

At the plant community scale, the first priority is to clear the low-density alien stands
(<25% cover) in order to secure natural capital. The benefit-cost ratio for total clearance (ini-
tial and follow-ups) of low-density alien invasion averages 25:1 compared to 2.7:1 (at 4% dis-
count rate) for closed alien stands. Not only does it make ecological sense to begin by con-
trolling the lower-density alien stands, it also makes economic sense to remove them before
they form dense stands. Additional investment in restoring natural capital, such as species
reintroductions, may be warranted in areas that are important in the flower-harvesting indus-
try and at sites where recovery following clearance is unlikely to perform basic ecosystem
functions such as soil stabilization. However, costs are high relative to the annual benefits,
and only from a long-term and national perspective will the expenditure be justifiable. 
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Chapter 23

Return of Natural, Social, and Financial Capital
to the Hole Left by Mining

J. Deon van Eeden, Roy A. Lubke, and Pippa Haarhoff

Opencast mining under arid conditions is notoriously slow and costly to repair (Lubke and
van Eeden 2001; Burke 2001; Milton 2001). Little attempt was made to revegetate or restore
mined surfaces in arid parts of South Africa prior to 1998, when an increase in mining and
other environmentally damaging activities led to the promulgation of legislation compelling
remediation. The natural capital of the area is the vegetation and landscape from which
flows a surprising array of opportunities. This chapter deals with an unusual synergy between
a mining company, a museum, and a commercial landscaping enterprise that have funded
and implemented restoration of coastal semidesert vegetation at an abandoned phosphate
mine and provided sustainable employment for local inhabitants.

The Chemfos phosphate mine is situated in the Anyskop area of the west coast of the
Western Cape Province of South Africa (figure 23.1). This harsh, arid environment (mean
annual rainfall ca. 200 mm) has supported a succession of land uses over the past 10,000
years, including hunting, pastoralism, agriculture, and mining (Burman and Levin 1974).
Despite leaving a legacy of discarded machinery and vast tracts of disturbed and barren land
invaded by alien plants, the mining site had two major assets: a vast, partly exposed deposit of
fossil mammals and a village with people who could restore and develop these natural re-
sources into a fossil park.

Site Background

The post-mining landscape reflects the approximate paleotopography of the early Pliocene.
Phosphate deposits were formed in a marine environment when the sea levels were approxi-
mately 26 m higher than today (Hendey 1981a). Subsequent sea-level changes and climate
patterns have molded the land, which has supported a succession of fauna and flora at differ-
ent stages in its evolution. Large-scale opencast mining consumed the rich phosphate de-
posits, destroying the coastal scrub habitat, while on adjacent properties agriculture frag-
mented and degraded the natural vegetation.

The discovery of one of the richest Pliocene fossil deposits known in 1958 (Hendey
1981a, 1981b, 1982) led to rewarding paleontological research and an exciting post-closure
possibility for the site. A mining company (Samancor, now part of BHP Billiton) funded the
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initial proposal to restore the mining area and maintain the fossil deposits as a national her-
itage site within a restored buffer of coastal vegetation. 

This chapter describes some of the techniques and approaches used in the restoration of
the old mine within the context of the new land use adopted for the 650-hectare site. In
adapting methods for redressing the environmental degradation, some of the previous em-
ployees received training completely unrelated to their previous positions. Thus, this led to
the regeneration of livelihoods and dignity for many people by providing socioeconomic ben-
efits not usually associated with the abandonment of mining. 

Historical Land Uses of the Natural Capital in the Anyskop Area

For thousands of years hunter-gatherers used the Anyskop area, as is evident from the stone
tools recovered (Conard 2003). Subsequently, early accounts by Europeans noted that the lo-
cal inhabitants exploited the natural resources for food, shelter, and trading (Axelson 1977).
For example, in 1648, French explorers recorded trading tortoises and ostrich feathers with
the locals while also commenting on the soil fertility and the presence of elephants and other
large mammals in the Saldanha Bay area (Burman and Levin 1974).

By 1825, European land use for winter livestock grazing was formalized, which even at an
apparently low-impact level rapidly caused the extermination of predators and large herbi-
vores (chapter 7). Since 1907, Anyskop and other regional farms were used for both grain pro-
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Figure 23.1. The Saldanha–St. Helena Bay region of the Western Cape, showing the position of the
Chemfos mine site (reproduced with permission from Hendey 1982).

The Saldanha–St. Helena Bay
region of the southwestern
Cape Province
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duction and livestock grazing (Du Preez 1988; Dirk Loubser, Langebaanweg, Vredenburg
District, 2004, personal communication). However, the grazing potential of the natural veg-
etation is low because dry biomass production averages only 486 kg ha–1 yr–1 (Craven 1994).
Unfortunately, plowing and grazing have contributed to a marked decline in renewable nat-
ural capital through destruction of natural vegetation and exposure of the sandy soil to ero-
sion by the strong winds characteristic of this coastal region.

The consumption of nonrenewable natural capital began in 1941 with the establishment
of the Chemfos mine. Phosphate extraction rates increased during the 1960s when the small,
independent mine was taken over by Samancor. However, phosphate production never ex-
ceeded 130,000 tons per year (CES 1996a), and operations were scarcely viable due to low
prices and fluctuating demand for phosphate fertilizers (caused largely by droughts) in the
maize-growing areas of South Africa. In 1993, economic factors related to aging technology,
increasingly deeper deposits, and growing competition from cheaper chemical phosphate
forced Samancor to suspend operations. 

During the mining period, unsustainable practices—which included the minimum han-
dling of materials—were favored because of the prevailing economic constraints and nonex-
istent legal requirements. Topsoil and overburden were often dumped injudiciously, with lit-
tle consideration for the resulting land-form, let alone separating valuable topsoil from
subsoil and rock. As a result, natural vegetation recovery from the seed-bank within the fresh
topsoil was hampered, and almost 650 hectares of vegetation were destroyed. Practical con-
siderations, such as dust suppression and land stabilization, led to the introduction of inva-
sive alien plants, including Acacia cyclops, A. saligna, and Eucalyptus spp., to recolonize mo-
bile sands, especially on the large slimes dams. Indeed, using seed-bearing branches of these
species to brush-pack bare soil resulted in establishing dense stands of invasive alien plants,
which also hindered natural vegetation recovery. 

No restoration budget was available during the mining era, and Samancor was therefore
left with a legacy that required much strategic planning before a closure certificate could be
granted by the Department of Mineral and Energy Affairs (DME 1992).

Restoration of Natural Capital as an Exit Strategy

In 1995, Samancor approached an environmental consultant to compile what was called a
rehabilitation plan and henceforth called as such for a post-mining environment that was
self-sustaining and aesthetically compatible with the surrounding area (CES 1996a). It soon
became obvious that the major priority should be ecological restoration around the valuable
fossil site (Hendey 1981b, 1982), where research has already generated over seventy scientific
publications. Important extinct vertebrate finds include Agriotherium africanum, the first
bear discovered south of the Sahara, and Homiphoca capensis, a true seal, as well as four pen-
guin species (Hendey 1981b).

In 1996, the fossil-rich area of the mine was declared a National Heritage Site, and there-
fore restoration had to provide for future paleontological research, while making the site suit-
able for use by the Iziko Museums in Cape Town. Indeed, the exit strategy was driven by a vi-
sion for a post-closure mine use that exceeded the minimum requirements set by legislation
(CES 2001). Although it receives no direct benefits, BHP Billiton funded and continues to
fund the closure process and is responsible for natural capital restoration. 
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Conceptual Rehabilitation Plan
A rehabilitation plan was prepared (CES 1996a) and followed by a detailed scheme for reveg-
etation strategies (CES 1996b). Action was required on a broad front that included decom-
missioning the plant and associated buildings, while upgrading useful infrastructure at both
the mine and the village. Natural vegetation restoration and setting up a fossil park provided
a major focus for regional development (BCD 2000; CES 2001).

Mining infrastructure with no potential future use was demolished at a cost of
US$486,300. However, farmers and merchants bought reusable steel structures and scrap
metal, while fertilizer distributors purchased unsold phosphate. This provided employment
for six months to ten local men, though the majority of work was completed by outside
 contractors. 

The old office buildings were upgraded, and a tourist and administration facility was cre-
ated for the Iziko Museums. Negotiations are currently under way for creating a joint man-
agement venture, with the Iziko Museums as the new owner and supported financially by
BHP Billiton until the project becomes self-funding. As of 1998, the post-mining land-use
and development support amounted to $395,000. 

Socioeconomic realignment of the mine village was carried out at a cost of $378,000
through June 2004. This included the transfer of assets such as houses, a church, a commu-
nity hall, and fifty hectares of land to a newly formed management company comprising res-
idents and representatives of the mining company and the fossil park. The mining company
accessed state subsidies for partial upgrading of facilities, and contributed the balance, as 
well as financing the consultation and management required during the five-year process
(2000–2005). 

Vegetation restoration activities, undertaken at a cost of $898,846 over ten years
(1996–2005), supported about twenty people annually. These included sand stabilization,
reintroducing the diverse array of plants and animals, and generally improving the aesthetics,
which, combined, provided a suitable setting for generating maximum renewable flows (e.g.,
income, education) from the site’s fossil resources. 

In the initial study by CES (1996a), the vegetation and soils of the mine and nearby refer-
ence sites were surveyed (Boucher and Jarman 1977) to select species and provide back-
ground information of the original habitats (Lubke et al. 1998). The rehabilitation plan im-
plemented a series of thirty-two trials on different soils resulting from mining operations
(CES 1996b; CES 1996a). These included replicated evaluation of different topsoil combi-
nations, soil amelioration, brush packing, and wood chip mulching. Seeding and planting at
different densities were also assessed, as was the response of different species to the soil types
(CES 1996b; Lubke et al. 1998). Using an adaptive management approach, the monitoring
and evaluation results were adapted and applied on a larger scale and further refined for im-
plementation into new areas (CES 1997), with all the spatial information recorded on geo-
graphic information systems (GIS) for future reference (CES 1997, 1999). 

Species Evaluation and Selected Techniques for Restoring Natural Capital

Establishing natural vegetation cover was considered essential due to the degraded nature 
of the post-mining environment and the soil exposure that resulted from invasive alien veg-
etation clearance. There were few native pioneer plants available for seed harvesting on
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 adjacent farms, because the vegetation had not recently been burnt. By contrast, vegetation
alongside local roads provided an important seed source for pioneer plants because these
areas were recovering from the impacts of construction and pioneer species were abundant
(Lubke and van Eeden 2001). 

As seed collection and processing were costly, it was beneficial to use appropriate species
for the prevailing soil conditions. In fact, 90% of the seeds were collected by hand and
processed separately, with limited use made of vacuum harvesting. In addition, as the phe-
nology of native species was not well known, and influenced by the fluctuations in rainfall
and temperature, continuous revision of the timing of seed collection was necessary to attain
greatest results and flexibility. 

Post-harvest seed handling contributed significantly to the total seed cost. Traditional tech-
niques were adapted to deal with the large volumes of seed required for restoration on a scale
of hundreds of hectares. It was decided not to clean the seed, but rather to process the collected
material to allow seed release from the fruits. Thus, to determine the required quantity, a clean
seed equivalent was calculated per unit volume of mixed seeds and plant  detritus.

Plants that readily released their seeds (ca. 65% of species collected) were dried under
cover, with the material turned regularly to allow rapid desiccation and seed release. Seeds of
the remaining 35% of species were processed using a hammer mill. The seeds were then
washed from fruits (pods, capsules) and allowed to dry. As the mill damages some large seeds,
a motorized handheld vacuum with a plastic impeller was used as an alternative. The suck-
ing impeller provided the correct impact level for the material passing through to shred the
dry fruits without excessive seed damage (Lubke and van Eeden 2001).

Seeding took place in autumn (April–May), and germination during the first winter sea-
son (June–August) in 1997 was good. However, warm winds during spring (September) re-
sulted in high mortality rates, particularly of short-lived perennials that colonize disturbed
sites. The initial seed mixtures used were as diverse as possible and included fifteen annuals,
seven grasses, twenty-nine shrubs, and five trees. 

In addition to sowing seed in the winter season of 1997, transplanted seedlings were col-
lected from adjacent areas and established in trial sites. They survived well, as they were a
year older than seedlings established from seed and had stronger root systems and greater re-
serves. As no local indigenous plants were commercially available, propagating plants was
necessary. An experimental nursery was established and comparisons were made between
the success rates of propagation from seeds and from cuttings of local species (Lubke and van
Eeden 2001). 

As rooted cuttings were required for planting out at the end of May, when rainfall patterns
were reliable, cuttings were collected during February, since commercial cutting production
normally allows for six to eight weeks. Initial results were poor, with few cuttings producing
roots in the heated propagation fog bed, due to the dormancy of most of the plant species dur-
ing summer. Experimental propagation during spring yielded much better results and thus
rooted cuttings were grown in trays and left dormant for the five summer months, Novem-
ber–March, before being transplanted.

Hydroseeding of a selected seed mixture (10 kg ha–1) suitable for the various soils was car-
ried out in April prior to the first rains, with different seed combinations used for sandy and
calcareous soils. Additives included microbial inoculants, FireGrow seed-germination stimu-
lant, and Hydropam soil binder, to reduce dust. FireGrow, a plant-smoke derivative that stim-
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ulates seed germination, was developed at Chemfos (De Lange and Boucher 1990), and the
optimum concentration of this additive in the hydroseed mixture was determined by bioassay
(Meets and Boucher 2004).

By 2002, the rehabilitation plan was achieved with good vegetation cover on the mine
site. Invasive alien plant removal began in 1997, and by 2004 all mature alien vegetation, ex-
cept that maintained in two research sites, had been eradicated. In addition, the Plant Pro-
tection Research Institute agreed to use the Chemfos mine as an experimental site for the re-
lease of seed-feeding weevils in the biological control of Acacia cyclops (Donnelly 1992,
1997); this ongoing program has been partially successful (CES 2001). 

During 2003 and 2004, the restoration emphasis was on further diversification in the cul-
tivation techniques. The production of slow-growing geophytes and climax shrubs in the
nursery was undertaken for reintroduction once the plants were well established. During the
last maintenance phase (until August 2006), this activity was continued.

Community Involvement in Restoring the Natural Capital 

Adaptability through diversification enabled the local community to reinvent themselves so-
cioeconomically. Utilizing different layers of natural capital, the community transformed it-
self, ensuring survival in the short term while exploring opportunities to ensure independ-
ence from mining and move toward long-term sustainability.

This process of exploring their own abilities, and alternative ways of generating income
streams, could not have come about without a change in mindset of all those involved. The
resulting increase in self-worth may well contribute to the continued refinement of sustain-
able consumption of flows, ensuring not merely survival but also long-term prosperity and
well-being.

Emerging Wood-Selling Contractors
Removal of the invasive tree species, Acacia cyclops and A. saligna, provided firewood for lo-
cal use. Wood sellers were given free access to managed woodlots to exploit this resource, and
revenue from sales supported fifteen families for two years. In total, from 1996 to 1998, three
contractors sold 4,500 m3 of firewood with a value of $19,000. If this practice could be sus-
tained on the 650 hectares of land, the resulting flow from firewood would support five fami-
lies indefinitely, but at the cost of the natural vegetation being replaced by alien woodlots. 

The removal of invasive alien plants with a commercial value was followed by those with
no firewood value, as well as the disposal of seed-bearing brush by burning. Subsequent re-
moval of germinating seedlings required a minimum of five years. The total cost of the alien
plant-eradication program was $395,137 or $608 ha–1. By comparison, the flow generated by
the consumption of the stock represents only 0.045% of the cost of eradicating the problem,
which was largely due to the high percentage of young plants yielding no firewood.

Communal Vegetation Restoration 
Samancor considered that the local mining community needed retraining to carry out the
natural vegetation restoration. Creating a local skill base in horticultural techniques would
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allow the restoration techniques, developed at Chemfos, to be applied to a much wider area,
generating a self-sustaining enterprise (Lubke and van Eeden 2001). Additionally, it has re-
sulted in other activities such as commercial plant propagation and landscaping that have
supported up to 120 people since 2004.

Seasonality of Restoration Work
The seasonal nature of the restoration work, under arid conditions, resulted in a fluctuating
labor demand and uncertain employment opportunities. The seasonal trend in manpower
requirements is reflected in the monthly salaries from 1996 until 2003/04. In autumn and
winter (April to August), the monthly salary total (i.e., the total wages earned by all the peo-
ple employed for the month) for the mine project averaged $6,000, when more people were
working, compared with only $2,900 in the summer months (figure 23.2). 

Unstable income can lead to an array of problems among workers and their families, as
well as the occasional loss of skilled and semiskilled horticultural workers to other industries.
To address this problem, other opportunities were sought to expand the income base of work-
ers so as to ensure a more consistent cash flow and economic sustainability. It was important
to retain the restoration skills while broadening the base of the enterprise, so that work could
continue throughout the year for all of the permanent and most of the seasonal staff. 

The seed collection and processing skills, developed during the Chemfos mine restora-
tion project, now provide employment for more than twenty laborers. Since 1997, new South
African regulations obliging industries to restore damage caused by their activities have cre-
ated an opportunity to supply seed to developers. Indeed, the range of plants propagated for
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Figure 23.2. Seasonal trends in income flows from Chemfos project (open bars) versus landscape
gardening and outside restoration contracts (shaded bars). Y-axis shows total combined monthly in-
come for employees.
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the project became increasingly popular in other restoration projects, as well as for domestic
gardens and the business premises, because their hardiness and low water requirements made
them ideal for landscaping in semiarid environments. In 2005, approximately 300,000 plants
were propagated for other projects.

The Life Span of the Natural Capital Restoration Project

Initially, the project had a proposed life span of five years, based on the anticipated time to
clear alien plants and introduce stable, self-sustaining natural vegetation at the site. Due to
climatic constraints (below average rainfall for three years) and higher than predicted main-
tenance requirements, the project life span was extended. The ten-year plan included two
more seasons to diversify vegetation by introducing propagated geophytes and climax vege-
tation, and two further years of maintenance with continued control of invasive alien plants.
It is considered that after this period the old mine site can be easily managed as a conser-
vation area, without risk of it reverting to a degraded landscape and without specialized
maintenance.

It is unlikely that the restoration of the mine would have been as successful if this project
was the sole activity for the team. The overheads and management costs of the business were
partly covered by other commercial projects in the region, thus reducing this component of
the mine restoration cost to 50% in years four to six, and to below 15% in years seven to eight.
Seeds collected from local plants provided a valuable resource not easily obtainable in the re-
gion, and selling the surplus to other projects allowed the restoration budget costs to be re-
duced. The contractor also paid rent for the use of the facilities, and the combined contribu-
tion of income from rent and seed sales amounted to $30,000 between 1997 and 2002.

Between 2002 and 2005, the amount invested in restoring vegetation at Chemfos de-
clined as the process drew to an end. This influenced project viability, as the initial agree-
ment between the client and contractor allowed for a fixed cost, plus 14% for overheads and
profit, with a limit on management expenses. For the mining company this was very cost-
 effective but had only limited appeal for restoration contractors. The unusual nature of the
project and the contractors’ commitment to success, however, led to exploring other avenues
of ensuring sustainability. Additional work was generated, which increased the income and
profitability for Vula Environmental Services, while safeguarding the retention of the local
skill base for related projects (figure 23.3).

It is essential to consider the financial viability of a restoration project for the duration of
the process, that is, before the environmental damage, such as that brought about by mining,
has been carried out. Restoration costs should form a central part of any mining feasibility
study. Hence, if restoration is undertaken during the life span of an environmentally detri-
mental industrial activity, cost fluctuations and viability can be offset. This becomes eco-
nomically more problematic following cessation, such as at mine closure, if these additional
expenses have not been anticipated and budgeted for correctly. 

Establishment of the West Coast Fossil Park

The Iziko Museums saw the establishment of a fossil park as an opportunity to add public pa-
leontology to their traditional education and academic roles. The well-curated collection
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housed in Cape Town (Hendey 1981b, 1982) is largely reserved for scientific purposes, with
few specimens on display. Establishing a new facility where the public could see fossils in situ
made it possible to unlock sustainable nonconsumptive flows from a previously unexploited
stock.

Maximizing the potential benefits from the fossils, however, requires capital that could
not be generated by the current project. The park operating costs during 2003 were
$127,660, while the earnings were only $37,900. The shortfall was funded mainly by the
mining company (as part of the restoration process) and by other donors. A business plan was
formulated to make provision for new display and educational facilities, which would ac-
commodate increased numbers of tourists and students. The enhanced visitor experience
should prolong the visit and create greater opportunities for contributing to the income and
educational flows.

Implementing the business plan required an investment of $1,368,000 over six years. The
cumulative interest from this investment on the South African financial market was expected
to yield the $567,000 required for the development of the facilities. Subsequently, after six
years the mining company could withdraw its investment and the fossil park would thereafter
be self-funding. The mining company has pledged funds to support the development.

Contribution

Restoration projects situated in remote areas can contribute greatly to the socioeconomic
well-being of local communities. However, the limited life span of the restoration work could
merely delay the inevitable hardship for those remaining if these projects do not develop and
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Figure 23.3. Comparison of wages earned from the Chemfos project (open bars) versus other activi-
ties, such as landscape gardening and outside restoration contracts (shaded bars), demonstrates the
declining flows generated by the Chemfos project toward the completion phase, and the growth in al-
ternative, restoration business activities.
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diversify into long-term sustainable activities. Though this is not the primary concern of min-
ing companies, the human capital lost when skilled people fail to find alternative employ-
ment is as tragic as the natural capital loss. For example, social decay can lead to environ-
mental damage through overexploitation of natural resources such as vegetation and wildlife
by uncontrolled harvesting and poaching. 

Natural capital restoration at the old Chemfos mine will never be truly completed be-
cause much of the capital has been consumed. Nevertheless, the establishment and sustain-
able use of the restored environment can contribute greatly to mitigating the damage caused
by mining and has generated many benefits. The people living in the former mining village,
now called Green Village, have employment opportunities connected with the fossil park,
which employs eight villagers on a full-time basis. The restoration project has also created job
opportunities for Green Village and the broader local community. In addition, schools and
universities benefit as they have access to an exceptional paleontological site for educational
and research purposes, which is preserved for posterity. On a broader scale, the fossil park and
associated restoration site is a novel tourism attraction, which should generate long-term eco-
nomic returns.

Costs and timeframes of restoration projects can be underestimated during the conceptu-
alization and lifetime of environmentally damaging projects, such as mining. Continued
reevaluation and adequate flexibility are required to ensure the successful restoration of nat-
ural capital to generate flows in a severely modified environment, with consideration given to
both natural and human capital. Hence, one should be evaluating appropriately the poten-
tial natural capital “hole” left behind before an environmentally damaging activity, such as
mining, begins. 

This case is unusual in that few sites can fall back on the value of their fossil resources for
educational and research outreach or have the viable option of retraining the local commu-
nity to ensure sustainable alternative employment in situ. A more general lesson is that the
values that people place on natural capital, such as coastal vegetation, change and increase
over time as new sustainable flows (e.g., use of plants in horticulture and landscaping) are
recognized and marketed.
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Chapter 24

Protecting and Restoring Natural Capital in 
New York City’s Watersheds to Safeguard Water

Christopher Elliman and Nathan Berry

In the late nineteenth century, New York City, realizing that local water sources could not
satisfy the long-term needs of its burgeoning population, decided to tap into the rivers and
streams of the upstate Catskill and Delaware River (Cat-Del) watersheds (figure 24.1). From
1907 to 1965, the City built a much heralded—but locally controversial—engineering behe-
moth that today channels through a series of reservoirs and tunnels more than one billion gal-
lons (4.4 billion liters) of clean, unfiltered water to nine million New Yorkers every day, up to
125 miles (200 km) away.

For decades, while the City focused on the reliability of its engineering infrastructure,
there was less concern for the natural health or future of the Cat-Del watersheds, which pro-
vide 90% of the City’s daily water supply. In the late 1980s, however, the United States Envi-
ronmental Protection Agency (USEPA) promulgated stricter rules governing the manage-
ment of unfiltered surface-water supplies. The new regulations ended a long period of
relatively passive watershed management and coincided with the realization that water quality
was increasingly threatened in many of the City’s reservoirs. The City faced a choice: either de-
vise a detailed watershed-protection plan to safeguard the water supply or build a filtration fa-
cility to remove impurities. The capital costs of filtration alone would fall in the $6–10 billion
range and require annual operating costs in excess $300 million. The City estimated that for
$1 billion, it could restore and preserve its upstate resource and avoid the crippling cost of fil-
tration. With the financial benefit of avoiding filtration through pollution prevention so clear,
the City chose to follow a watershed-protection program that many consider to be the premier
example of the economic rationale for protecting and restoring natural capital. 

To date, the City’s watershed-protection efforts have sustained and arguably improved wa-
ter quality. Its long-term strategy for watershed protection is, however, not clearly defined; in
fact, it is currently under review and debate, which in many ways is timely. The watershed to-
day confronts more intense threats and challenges from those faced at the establishment of
the protection plan nine years ago. Addressing these threats requires a full appreciation of the
value of natural capital.

This chapter summarizes the steps taken thus far to secure and restore the natural capital
of the City’s watersheds to maintain and enhance ecosystems services and will argue that the
initiative has more political and conceptual hurdles to surmount in order to ensure the long-
term protection of this most valuable asset.
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Building a Water System

Following the American Civil War (1860s), the eastern forests were widely clear-cut to fuel
the industrialization of a booming nation. Approximately 80%–90% of the Cat-Del region
was logged intensively (Kudish 2000), first for white pines, then hemlock for local tanneries,
and then cleared for agriculture. The widespread landscape devastation and siltation of the
streams prompted concern for water quality and led to a rare New York State Constitutional
Convention in 1894 that established the Catskill Forest Preserve and, later, the Catskill Park.

24. Protecting and Restoring Natural Capital in New York City’s Watersheds 209

Figure 24.1. Water from the Cat-Del watersheds is transported by two underground aqueducts to
three holding reservoirs located closer to New York City, wherein the water from the Cat-Del reser-
voirs is mixed and allowed to settle, then brought to the City’s water distribution facility. Map courtesy
of Gillian Weber (Source: Open Space Institute). For a more detailed map, go to DEP website
(http://www.ci.nyc.ny.us/html/dep/html/wsmaps.html).
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The state mandated that its lands within the park would remain “forever wild” and would
never be developed or harvested for their natural resources. This level of protection had
never before been granted, in New York or elsewhere, and it inspired a nascent wilderness
movement that influenced Theodore Roosevelt, Gifford Pinchot, John Muir, Bob Marshall,
and Aldo Leopold—the group that first articulated the value of natural capital and the public
goal of not just protecting, but restoring, nature’s assets. The full flowering of this intellectual
movement was the 1964 federal Wilderness Act, established seventy years after the Catskill
Forest Preserve.

Initially it was New York State that restored upstate watershed lands, usually by acquiring
abandoned land and allowing reforestation. New York City, with the concurrence of state
government, saw the Cat-Del watersheds as its principal water source and, in 1907, began
work there on its new water system. Armed with land use oversight and powers of eminent do-
main, the City condemned lands and evicted and flooded entire villages. The theme of an
overbearing urban interest eclipsing local wants and needs persists as a real and recurrent
perception, afflicting the political dynamics in the Cat-Del region to this day. By 1927, the
Ashokan and Schoharie reservoirs, providing 148 billion gallons of storage, were added to the
City’s water system. By 1965, the Cat-Del system comprised six reservoirs with 475 billion
gallons (560 billion liters) of storage, fed by a watershed that covers over 1,600 square miles
(4,200 km2) (figure 24.1). 

The Federal Surface Water Treatment Rule

In 1989, the USEPA promulgated the Surface Water Treatment Rule (SWTR), which requires
filtration of all public surface-water supplies unless water system operators meet certain re-
quirements. In addition to satisfying numerical water quality criteria, public water system op-
erators must maintain a watershed-management program with a goal to maximize their land
ownership and/or controlled land use. The rule stipulates that a “public water system must
demonstrate, through ownership and/or written agreements with landowners within the wa-
tershed, that it can control all human activities which may have an adverse impact on the mi-
crobiological quality of the source water” (National Primary Drinking Water Regulations
2002).

Most other unfiltered urban water systems in the United States owned a majority of their
watersheds, and none owned less than 40%. New York City owned only 36,000 acres (14,400
ha), less than 4% of Cat-Del watershed lands, and New York State owned another 20%. With
so little watershed land controlled by public agencies and specifically managed for water pur-
poses, the Cal-Del system was in danger of not complying with the SWTR. 

Understandably, the New York City Department of Environmental Protection (DEP),
with its major construction projects and challenges, has historically filled its large staff with
engineers, most of whom innately prefer a technological approach, such as filtration, to
 water-quality issues. For the past thirty-five years, DEP has been working to build a mam-
moth backup water-delivery system, the City’s Water Tunnel Number Three, at enormous
cost and engineering challenges. This and other projects have dominated the budget of the
agency, with watershed-protection initiatives receiving less attention. This internal priority
setting had been reinforced by a disinclination to address upstate enmity toward City water-
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shed oversight. A filtration plant at the vast scale required by the City was in many respects a
more discrete effort than alternatives such as land acquisition and regulation. The staggering
cost of filtration, however, compelled the City to reach out to watershed communities and
landowners in order to negotiate an agreement to protect water quality.

The City’s primary programs fell into two broad areas: improving water quality–related in-
frastructure and strengthening land management and acquisition. Watershed landowners,
aware of potentially intensified City regulation and intrusion, and unwilling to have their lo-
cal control further compromised, resisted through political influence at the state level. To de-
fuse the conflict and avoid political gridlock, representatives of New York State, New York
City, watershed communities, and certain environmental groups forged the historic New
York City Watershed Memorandum of Agreement (MOA). Signed in January 1997, the
MOA brought about the first material changes to watershed regulations since 1953. The
overarching goal was to protect the watershed without compromising the lives of its residents.
It adopted land-acquisition targets, procedures, and funding levels; introduced more modern
watershed regulations; established requirements and funding for improving water-related in-
frastructure; and committed technical and financial resources for environmentally sound
economic development in watershed towns. 

Improving Water-Related Infrastructure

The USEPA and the MOA identified a number of infrastructure initiatives the City had to
advance. Chief among them were the repair or replacement of septic and other subsurface
systems, wastewater-treatment-facility upgrades, and storm-water containment. Infrastructure
improvements were imperative to limiting source-point pollution in the Cat-Del region,
thereby preserving and restoring its natural attributes, particularly water quality.

At the establishment of the protection plan, up to 50% of the watersheds’ 30,000 septic
systems were either improperly sited, not functioning properly, or not working at all (USEPA
2000). The proximity of these systems to waterways presented a great, yet largely remediable,
threat to the watershed. In keeping with the premise of the MOA, that upstate residents
should not shoulder the cost of watershed protection by themselves, the City agreed to con-
tribute 100% of the septic repair or replacement expenses, provided the eligible participant’s
primary residence was in the watershed. For homeowners whose primary residence was out-
side the watershed, a growing demographic, and whose septic system needed repair or re-
placement, the City would contribute 60% (USEPA 2000). As a result, the City has, since
1997, spent more than $20 million and has allocated substantial additional funds to continue
the program. While not curing septic problems, the program has shown that septic waste at
current population levels can be controlled. 

Similarly, over forty wastewater treatment plants (WWTPs), which process both commu-
nity sewage and storm water, were discharging, prior to the agreement, effluent levels incom-
patible with watershed health. Since the signing of the MOA, the City has committed more
than $270 million and upgraded, or is in the process of upgrading, all WWTPs in the water-
sheds (New York City Government 2006). The City has also made, and continues to make,
substantial infrastructure improvements on roadways, sewer lines, and sand-and-salt storage
facilities. In total, the City has already spent or committed roughly $700 million to improve
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water quality–related infrastructure in the Cat-Del watersheds (DEP 2006, personal commu-
nication). 

Land Management and Acquisition

The USEPA notes that owning the land in a water system operator’s watershed “is the best
means of protecting water quality” (USEPA 2006). To that end, the City has designated pri-
ority regions and land parcels in the watersheds (on a scale from 1 to 4) and allocated $250
million to purchase land in fee or easement over a ten-year period (with the option to spend
an additional $50 million if needed). Land is purchased from willing sellers at the land’s fair
market value (FMV) and then managed by the City. Where the City purchases easements,
the land continues to be owned and managed by the seller, but the development rights are
held and extinguished by the City. The easements are often valued at around 60% of FMV;
given their flexibility, landowners have been willing to sell easements, and this appears to be
a win-win situation for both parties. 

Traditional rural land uses, such as farming and, in particular, forestry, are generally com-
patible with watershed management, if best management practices are adopted and water-
courses are adequately buffered. In 1992, the City established and funded the not-for-profit
Watershed Agricultural Council (WAC) to focus on means to support local agriculture while
protecting its water supply. Once a farmer adopts a WAC-approved farm management plan,
the farmer’s structural costs of implementing the plan will be paid. Of commercial (large) wa-
tershed farms, comprising over 80,000 acres (32,400 hectares), 92% have signed up for an ap-
proved plan. These farmers are also eligible to sell agricultural easements to WAC. According
to WAC executive director Tom O’Brien, farmers accept easement offers about 60%–70% of
the time. To date, WAC easements and pending purchases protect fifty-six farms encompass-
ing 14,500 acres (5,900 hectares). Additional farms have applied for easement sales that cover
another 22,000 acres (8,900 hectares), although there is no guarantee that WAC will extend
offers to all these farm owners (T. O’Brien, director of WAC, 2006, personal communication;
A. Olney, WAC easement program manager, 2006, personal communication). 

Since 1997, the City, through DEP or WAC, has approached Cat-Del landowners repre-
senting approximately 380,000 acres (153,800 hectares) and acquired over 72,000 acres
(29,140 hectares) from willing sellers through fee (48,000 acres, 19,400 hectares) and ease-
ment (24,000 acres, 9,700 hectares) at a cost of roughly $180 million (D. Tobias, head of
DEP’s land acquisition program, 2006, personal communication). Including state lands, just
over 30% (up from 24%) of the Cat-Del lands are now protected. 

Land Use Today

The Cat-Del region, from the rugged east to the rolling landscape farther west, is home to
countless creeks and rivers, and human use generally occurs in close proximity to these wa-
tercourses. A USEPA assessment of the region noted that “as a result of topographic con-
straints, the majority (90%) of urban development and agricultural land use is located near
streams” (Mehaffey et al. 2001). At the establishment of the watershed-protection program,
the Cat-Del region had experienced relatively little change in the type and extent of land use
over much of the past century. The Cat-Del region was long home to small-scale agriculture
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and silviculture businesses, which peaked in the decade after World War II and have since
been in decline, as farming and forestry have become increasingly globalized industries.
Even with agriculture programs such as WAC’s, the region continues to lose farmers and
farmland, often to development. Between 1992 and 2001, forest cover on private land in the
region dropped from 86% to 79%, representing a net loss of close to 123,000 acres (50,000
hectares) of land classified as “forest” (Tyrell et al. 2004). 

Over the past decade, the United States has witnessed a booming real estate market, in
both housing starts (new construction) and prices, and from 2001 to 2004, New York State
ranked high (18th out of 50) in the number of new housing units. Of the four Cat-Del coun-
ties, three placed in the top quartile in percentage increase in housing starts among New
York State counties (United States Census Bureau 2005). Real estate prices have risen dra-
matically—in many areas by multiples of two or three over just a few years—and continue to
rise in the Cat-Del region, creating incentives to convert more working lands to residential or
commercial properties. Five casinos and one other mega-resort project have recently been
proposed (and two are still under consideration) for the Cat-Del region, threatening further
potential pollution sources. 

These figures suggest that New York City and New York State must do more to safeguard
the watershed from construction and development activities. The City has regulated
WWTPs in terms of treatment levels and quantity of daily flow, but it has not, with the ex-
ception of phosphorus- and fecal coliform–restricted basins, been able to place a limit on the
number of WWTPs allowed or the density of septic systems in specific regions, let alone the
watershed as a whole (MOA). To do so would firmly limit development and the number of
people permitted to settle, and as such would antagonize the watershed population; hence,
this option remains politically unpalatable. Under the circumstances, this lack of regulation
is not surprising, but it nonetheless poses a long-term threat to the health and security of the
downstate water supply.  

Furthermore, critical regulations the City has promulgated may not sufficiently address
pollution vectors. To control the quantity and quality of storm-water runoff from large-scale
development, the City requires the submission of a quantitative analysis demonstrating that
the new construction will have no effect, or a positive one, on storm-water quality (NRC
2000). Not only is this a difficult analysis to perform, it is optimistic to believe that storm-wa-
ter quality will improve or be unaffected by most new development. And while the City has
imposed setback distances and buffer zone regulations on new construction of impervious
surfaces and the storage of petroleum and other hazardous materials, these distances may be
insufficient to protect waterways. Similarly, the City’s watershed rules do not preclude devel-
opment in areas with steep slopes, despite the inherent dangers (NRC 2000). Such weak-
nesses in the MOA allow development around some of the most vulnerable reservoirs and
waterways.

Since the City is unable to sufficiently regulate the land it does not control, it has estab-
lished the goal of buying, either in fee or easement, the most vulnerable land parcels. While
the city has successfully protected at least 7% of the Cat-Del watersheds since 1997, limita-
tions hamper its effectiveness and efficiency. First, the City is currently prohibited from pur-
chasing any land with a habitable structure. Therefore, if a landowner wants to sell his land
and house, the City is essentially eliminated as a bidder, no matter how crucial the property
is to watershed protection. Moreover, the City’s use of retrospective FMV appraisals, which

24. Protecting and Restoring Natural Capital in New York City’s Watersheds 213

ch24:IP_Aronson  5/14/07  10:48 AM  Page 213



tend to lag market valuations, and protracted review process lasting up to eighteen months or
more, puts it at a competitive disadvantage when competing against developers for choice
land. Additionally, the land that is most dramatically appreciating in value is that closest to
waterways, yet the City has been unable to respond to economic principles that would sug-
gest it should allocate acquisition dollars as quickly as possible. As land prices escalate, selling
to developers becomes more attractive for watershed property owners than walking through
the City’s lengthy land acquisition processes. The City must acquire land without bureau-
cratic rigidity. It should increasingly look to DEP and WAC easements over full-fee acquisi-
tion as a means of protecting the natural capital of the land. Many landowners who are un-
willing to transfer their land to the City would be willing to sell the development interests in
their properties, if the terms were attractive. Most important, the City needs to allocate more
funds to the program and become more flexible with the price it is willing pay for land. With
dramatic increases in land prices, the City naturally needs to commit funding to maintain a
meaningful acquisition program. Finally, as the City is, in fact, buying water quality, not
merely land, a retrospective FMV appraisal should not apply, but rather the City’s offer
should reflect the land’s contribution to water quality and quantity—its natural capital value.
For example, the City might offer a “water quality premium” over FMV for crucial land
parcels (priority levels 1 and 2).

Challenges and Potential Solutions for Watershed Protection

The historic New York City Watershed Memorandum of Agreement (MOA) was driven by a
federal mandate and is the product of political negotiation. In promulgating the SWTR, the
USEPA set limits on pollutant levels in the City’s water supply, effectively imposing a floor on
the City’s protection efforts (the lowest legal level of protection). Similarly, federal filtration
rules have had the effect of placing a ceiling on the highest level of watershed protection; that
is, the City should be willing to fund filtration avoidance up to the cost of filtration. There is
an optimal level of protection along the continuum, from ceiling to floor. Calculating that
level is speculative and beyond the scope of this chapter, but it is likely that the MOA’s pro-
tection prescriptions constitute the floor. The watershed protection program was born of ne-
gotiation, in which an important City objective was to limit its financial commitment, and
the watershed communities’ objective was to keep the City out of watershed matters alto-
gether. In many respects, then, these two parties had common goals—that is, to meet the
lower threshold of USEPA standards. This lower threshold is not fixed, but rather moves over
time as water security necessitates. And with unprecedented conversion of land from open
space now under way, protection efforts should rise accordingly.

The City could not anticipate the move by downstate residents to acquire property upstate
following the September 11, 2001, attacks on the World Trade Center. In fact, the tragedy
only intensified the existing trend in real estate appreciation in the watershed region, which
started, ironically, just as negotiations for the MOA were concluding in 1997. Arguably, the
City’s most effective and controversial tools—aggressive regulation of land use and selective
use of eminent domain—were essentially negotiated away in 1997, leaving the City hobbled
in its efforts to protect water quality and quantity for half the population of New York State.
To be sure, the City has done quite well in restoring water quality by upgrading local infra-
structure and addressing agricultural runoff and nonpoint-source pollution. But where the
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City has had less success, and where the MOA is most dated, is in averting the real and esca-
lating threat of residential and commercial development.

It is unclear what steps the City will elect to take to confront the adverse land use trends
in the region. There is an inverse relationship between the City’s land use regulatory powers
and the cost of watershed protection, particularly acquiring interests in land. The powers the
City ceded in the MOA have undoubtedly made watershed protection more difficult and
costly, as it now must acquire the rights and interests that it could once stipulate. The scope
and scale of Cat-Del protection require that multiple levels of government work in concert to
protect the region’s natural resources. Despite the City’s recent success in safeguarding its wa-
ter supply, more support from the state is needed to ensure robust protection. In addition to
requesting the state to take a more active role in watershed protection in general, the City
should press the state for broader land use oversight and targeted regulations. Without more
state involvement in safeguarding the Cat-Del water supply, its protection will be incomplete
and insecure.

Contribution

This case highlights two major challenges to restoring natural capital in a watershed with
multiple owners and private stakeholders. The first is navigating complex upstate-downstate
(or upstream-downstream) relationships where one party’s actions and goals conflict with
those of the other. The second is gaining widespread acceptance that ecosystem processes in
intact natural landscapes can filter large quantities of water more cost effectively and reliably
than human-made filtration plants. In turn, realistic values need to be placed on natural cap-
ital, as the use of land for ecological services competes in the economic market with alterna-
tive uses such as property development.
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Chapter 25

Making the Restoration of Natural Capital
Profitable on Private Land: Koa Forestry 
on Hawaii Island

Liba Pejchar, Joshua H. Goldstein, and Gretchen C. Daily

Hawaii Island is a mosaic of public forest and private land, and its natural capital includes
more endangered species than any other state in the United States (Czech et al. 2000). This
necessitates innovative restoration, especially on private land, to protect and expand biodi-
versity conservation. The privately owned properties are predominantly ranches or farms that
often retain some native forest, but pressure to develop or diversify agricultural lands is in-
creasing with the rise of tourism and the decline of historically dominant economic ventures,
such as sugarcane and cattle (Simmons 1999; Bowen et al. 2000). Alternative scenarios of fu-
ture land use could be sustainable forestry of native species and the implementation of con-
servation areas at one extreme, and a proliferation of subdivisions and ranchettes at the other. 

Koa (Acacia koa, Fabaceae), a fine timber tree and one of Hawaii’s many natural capital
assets, has potential for sustainable harvesting that is compatible with restoration of other bio-
diversity assets. In this chapter we present the results of semistructured interviews (Pejchar
and Press 2006), economic models (Goldstein et al. 2006), and a literature review, which to-
gether suggest that koa forestry could be a promising means of aligning conservation and eco-
nomic incentives on private lands.

Endemic to Hawaii, koa is both an ecologically and culturally important species and one
of the most valuable hardwoods in the world (Scowcroft and Jeffrey 1999; Wilkinson and Ele-
vitch 2003). Ancient Hawaiians used koa for homes, oceangoing canoes, surfboards, paddles,
and spears. Today it is locally cut and carved into high value–added products such as musical
instruments, fine furniture, and crafts. In addition to producing wood products, koa refor-
estation could provide a diversity of ecosystem services, such as carbon sequestration, soil
conservation, water storage, and fire prevention. 

This native tree has also proved useful in forest restoration (Whitesell 1990; Scowcroft
and Jeffrey 1999) and constitutes excellent foraging and breeding habitat for several threat-
ened and endangered species (Menard 2001; Pejchar et al. 2005). Because koa wood sells for
a high premium (Winkler 1997), selective harvesting may be economically feasible (Rice
1997) and could have minimal effects on native plant and animal communities in produc-
tion forests. 

Koa is currently in high demand but in low supply (Dudley 1997). Because of strict regu-
lations in state forestlands, much of the koa available is salvaged from ancient dead or dying
trees scattered throughout private pastures. There is little koa regeneration in these areas be-

216

ch25:IP_Aronson  5/14/07  10:49 AM  Page 216



cause seedlings cannot compete with exotic pasture grasses, or they are eaten by cattle and
other introduced ungulates (Scowcroft and Jeffrey 1999). Indeed, koa is in such high de-
mand that there have been several recent cases of poaching on state land (Leone 2002). 

Approach: Interviews and Models Evaluating the Prospects of 
Natural Capital Restoration

Responding to the increasing scarcity of koa, a shifting economy of land use, and continued
threats to wildlife, private landowners, public agencies, and nonprofit conservation organiza-
tions in Hawaii are all the more interested in koa forestry (Loudat and Kanter 1997). Several
are pursuing conservation measures related to koa or using the funds from salvage koa to fund
regeneration. Others, however, are hesitant to switch to koa forestry for a variety of reasons. 

We conducted twenty semistructured interviews from September to November 2003. Ten
interviews were with practitioners, that is, persons responsible for managing land with koa or
that could have koa, or persons in some way dependent on this species for their livelihood.
These were large private landowners (ranchers), public land managers (state and federal),
wood millers and craftspeople, and forestry consultants. The other ten were classified as sci-
entists, that is, academic, agency, and nonprofit researchers and regulators.

The respondents we interviewed cumulatively own, or work for those who own, more
than 90% of all public and private land on the Island of Hawaii, including the top five land -
owners, in terms of hectares. As we approached twenty interviews, all respondents were rec-
ommending that we talk to people or organizations that we had already interviewed. Given
this result, and considering that Hawaii is a small state and koa forestry a young industry, we
believe that a sufficient number of appropriate people were interviewed to draw informed
conclusions (Pejchar and Press 2006).  

Each interview lasted one to two hours and was recorded, unless requested otherwise (five
cases) or conducted over the phone (two cases). We assured all respondents anonymity, and
therefore quotes will be attributed only to the type of respondent (e.g., landowner) through-
out. We first asked respondents to describe their association with koa, and what potential (if
any) they saw for koa forestry/reforestation as a means of restoring both economic and eco-
logical value to land. Next, we asked all respondents to address the primary question: What
are the most important factors limiting koa forestry for conservation and/or profit in Hawaii?
We encouraged respondents to think about limiting factors from a range of arenas—silvicul-
ture, science, economics, policy, and culture. The remainder of the interview was loosely
structured, with no preset questions, to allow each person to fully discuss the issues based on
his or her particular expertise and experience. 

We transcribed all interviews and analyzed the data in two steps. First, we tabulated the
most commonly discussed limiting factors and reported how frequently they were cited.
Then, using this table along with secondary data from published reports, we discussed the
problems and potential solutions associated with each major issue that emerged from the in-
terviews. The statements in our discussion thus reflect the opinions of the respondents. 

We complemented the largely qualitative results of these interviews with a quantitative
analysis. Using financial models, we examined the economic potential of koa forestry with a
focus on identifying practical business strategies, which draw upon timber and nontimber
conservation revenue streams, to address the key economic barriers facing landowners. Our

25. Making the Restoration of Natural Capital Profitable on Private Land 217

ch25:IP_Aronson  5/14/07  10:49 AM  Page 217



goal with both interviews and models was to investigate a promising tool for sustaining liveli-
hoods and biodiversity in Hawaii, and to use the results to draw conclusions applicable to the
broader community of environmental scientists and policymakers engaged in conservation
on private land. 

Results: Risks and Opportunities of Restoring Natural Capital on 
Hawaii’s Private Land

Twenty-five factors currently limiting koa forestry as an economically viable tool for restora-
tion were cited by at least two respondents (table 25.1). These factors and the results of our fi-
nancial models were grouped into five general categories: (1) science and silviculture, (2) en-
dangered species and public opinion, (3) culture and changing land use, (4) economic
investment and risk, and (5) providing incentives. 

Science and Silviculture
Techniques for growing koa for restoration projects are well developed, though there is al-
most no knowledge on how to manage native stands such as koa for forestry. This information
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table 25.1 

Major limiting factors for koa forestry on the island of Hawaii  
Frequency cited by 

respondents 
Limiting Factor N = 20

Lack of silviculture information 10
How to manage for profit and wildlife 10
Landowners wary of federal government 10
Endangered species could hold up harvest 9
Large initial investment 9
Lack of information on how to grow koa at different elevations/climate regimes 7
Soil and water requirements 7
Lack of information on relevant wildlife 7
Koa forestry not “on the radar screen” for most landowners 7
Need a demonstration that koa forestry works 7
Disease causes high tree mortality 6
Lack of information on how to produce high-quality wood 6
Need for seed selection research 6
What other crops could be planted with koa to get financial return earlier? 6
Public opposition to cutting trees could interfere with harvest 6
High economic risks associated with new industry 6
Long-term investment—must be thinking long term and be able to afford it 5
Lack of land, land going to development instead 4
Competition from pasture grasses limits establishment and growth 4
Frost—causes tree mortality at high elevations 4
Incentive programs: not enough funds 3
Incentive programs: only accessible to few large landowners 3
Tax benefits/disincentives 3
State unwilling or unable to harvest/plant koa (thus not contributing to industry) 3
Infrastructure (processing facilities) lacking 2

Source: Authors’ analysis.
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gap was one of the three most important concerns cited by landowners. As a consequence,
because silvicultural techniques for exotic species are well developed, landowners are in-
clined to plant eucalyptus or pine, which have little or no biological value (Lamb 1998; Sim-
mons 1999). Similarly, there are clear prescriptions for alternative land uses, such as ranch-
ing, coffee, and housing developments, compared to native forestry. These land uses have
little conservation value but are attractive because they are established practices. Neverthe-
less, several prominent ranches are now growing koa for harvest and restoration purposes.
Their experiments with various management techniques will be vital for evaluating effective
management options for future.

Endangered Species and Public Opinion Regarding Restoration
The politics of restoration, however, could hinder these efforts. Nearly half of the respon-
dents thought that a concern that endangered species could prevent harvest in the long term
was keeping people from reforestation. Some landowners maintained that Safe Harbor Agree-
ments were inadequate: they believed these agreements would not protect them because laws
can change. They were concerned about the costs and risks associated with surveys and about
privacy. In the past five years, however, three landowners have entered into Safe Harbor
Agreements for the nene, Hawaii’s endangered goose (Branta sandwicensis). Thus, tough po-
litical issues such as endangered species protection are being tackled on private lands. Fi-
nally, gaining public approval for sustainable forestry is difficult, as there is a small but quite
vocal segment of the public that opposes tree harvest anywhere for any purpose. Increased
understanding of working koa forests and the alternatives (rangeland, exotic plantations, de-
velopment, etc.) via demonstration projects could alleviate this pressure. For instance, the In-
stitute for Pacific Island Forestry is currently establishing two experimental forests with goals
that explicitly include public access and education (Lingle 2006).

Culture and Changing Land Use Affecting Natural Capital
Although gaining public support for these projects is important, garnering landowner interest
and enthusiasm is essential. Most landowners interviewed in this case study are ranchers or
investors, not farmers or foresters. Thus most do not have the mindset, lifestyle, or expertise to
grow trees. Paniolo (Hawaiian cowboy) culture is deeply embedded in Hawaii. Even though
ranching may not be the best economic choice, it is an attractive way of living. However, the
newest generation of landowners, now inheriting ranches, is less interested in ranching. At
the extremes, these landowners have the choice of a diversity of conservation-friendly land
uses, including koa forestry, or dividing the land into small parcels, stripping it of all mar-
ketable koa, and selling it to developers. There is an important window of opportunity for
building silvicultural knowledge and expanding incentives for koa forestry during this current
period of land transition.

Economic Investment and Risk Concerning Natural Capital Restoration

Private landowners’ interest in koa has expanded since the 1980s due to strong growth in koa
prices (Winkler 1997). This interest, however, is counterbalanced by a few specific factors
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making investments in koa forestry financially risky. Koa forestry, like all high-value hard-
wood cultivation, involves large upfront costs for forest establishment, along with a waiting
period of three to five decades (estimates vary depending on location) (Elevitch et al. 2006)
prior to obtaining revenue from the timber harvest (Friday et al. 2000). Information limita-
tions, as highlighted by respondents, compound the financial risk of koa investments by mak-
ing it difficult for landowners to tailor management practices to fit their economic and eco-
logical conditions. Furthermore, koa forestry investments must compete with forestry
projects focused on exotic species, which often have shorter rotation periods (as little as five
to eight years for Eucalyptus plantations in Hawaii) (Whitesell et al. 1992). Landowners that
grow koa show some combination of the following characteristics:

1. They grow koa because they enjoy their land and value native Hawaiian forest for its
own sake.

2. They have other sources of income.
3. Their land is zoned for conservation, and other, more intensive, land use practices are

restricted.

Our financial models showed that koa forestry, in principle, can align conservation and
economic incentives (Goldstein et al. 2006). A forestry venture based solely upon timber rev-
enue covering 202 hectares (500 acres), for example, has an attractive net present value of
$1,119/ha. The cash flow trajectory, however, is problematic. In terms of actual cash outlay,
total project costs are approximately $1.04 million with $0.38 million (37%) of this coming in
the first year for forest establishment. Cumulative, current-year timber revenue over the ten
harvest years is projected to be $26.3 million, which corresponds approximately to a 25:1 to-
tal revenue to total cost ratio. While this ratio is attractive in isolation, the large time lag be-
tween when costs are incurred and revenue received is potentially untenable for a land owner
with no other major income sources. Respondents cited concern over the magnitude of the
initial investment (table 25.1), and the results of our models support this concern. The bar-
rier of upfront costs is most formidable for the initial conversion from ranching to forestry,
since, if successful, future rotations could be financed by profits from earlier rotations. Iden-
tifying ways to finance upfront costs through landowner-specific arrangements, combined
with additional and earlier nontimber revenue streams, would be particularly beneficial for
landowners. Expanding the set of conservation revenue streams, public and private, could
greatly contribute toward making koa and other restoration activities economically attractive
on private lands.

Providing Incentives and Creating Markets for Natural Capital Restoration
Respondents cited the need for a range of programs that serve the diverse requirements of
landowners. Existing incentive programs for sustaining and restoring forest cover, such as the
Forest Stewardship Program and Forest Legacy, are sometimes underfunded or sporadically
funded (State of Hawaii 2001), yet they have tremendous potential to tip the balance in favor
of restoration. 

Hawaii is presently exploring opportunities to launch a Conservation Reserve Enhance-
ment Program (CREP), which is a federal government landowner-assistance program, target-
ing watershed and wildlife benefits through retirement of environmentally sensitive agricul-
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tural lands. Koa forestry projects are one of CREP’s eligible land uses and, by participating,
landowners would receive a mix of land rental and cost-share payments. Combining partici-
pation in CREP with future timber harvests results in a large increase in net present value to
$4,104/ha. Perhaps even more important, CREP’s payment structure greatly improves the
cash flow prior to timber harvest by providing a revenue stream from the project’s start, as well
as offsetting approximately 42% of total management costs.

There are also efforts under way to harness existing, and create new, nongovernment in-
centives for restoration. Existing incentives not yet flowing into Hawaii include the sale of
carbon credits and access to new markets from forest certification. While interest in carbon
credit–based forestry projects is increasing, our economic results show that a koa forestry ven-
ture based solely upon carbon credits has a strongly negative net present value of –$1,206/ha
and is not viable, given current market conditions. Carbon credits can be part of a profitable
strategy, though, if the landowner is able to also participate in CREP; this strategy yields a net
present value of $1,443/ha. This further highlights the value of government assistance pro-
grams in increasing opportunities for advancing win-win conservation practices on private
lands (Goldstein et al. 2006). 

New incentives under consideration include potential payments for other ecosystem 
services that are provided by koa forests. The focus is on those that relate intimately to hu-
man well-being and are central to imminent policy decisions, such as hydrological services
and soil conservation (provision of irrigation and drinking water and flood control) (Gutrich
and Donovan 2001); provision of biodiversity and recreational values; and generation of
other cultural values that flow from the land and the people who live there. Ecotourism is
another tool that is underutilized in Hawaii. The unique wildlife in upland koa forests has
potential for generating ecotourism dollars for landowners and mobilizing political will for
conservation. 

Creating the financial mechanisms and institutions to support these potential incentives
requires considerable scientific and social understanding, which is just now being developed.
The scientific underpinnings of this work will include maps showing (1) the levels, types, and
value of services supplied by land under koa (or other native) forest; (2) the degree of spatial
congruence (or separation) in the supply of different services; and (3) the forecasted changes
in both services and societal needs for them, under alternative scenarios of demographic,
land use, and climatic change. The aim is to characterize the tradeoffs—in cost-benefit terms
familiar to decisionmakers—of alternative futures and alternative conservation investments. 

Koa forestry presents one such enticing investment for restoring conservation value on
private lands. The information that we have generated through our interviews and economic
models has contributed to an increasing knowledge base for koa forestry. Stakeholders are
now mapping out a variety of pathways for expanding native forestry ventures on private
lands. As noted earlier, a few landowners are already managing koa. Learning from these
front-runners will benefit other landowners who are interested in koa but have not yet de-
cided to invest. For koa forestry, the biological, economic, institutional, and cultural barriers
have now largely been identified. The time is ripe for future work to push further with devel-
oping novel policies, incentives, and markets to create opportunities where barriers still exist.
Toward this end, some of Hawaii’s largest landowners are partnering with non-profit organi-
zations and business entrepreneurs to pursue carbon credits, forest certification, and new po-
litical initiatives to support koa forestry and other conservation land uses.
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Contribution

Conservation biologists, policymakers, and land managers are well aware of the problems fac-
ing biodiversity. Public, nonprofit, and private partnerships that encourage economically vi-
able restoration on private land provide an opportunity to construct innovative solutions ben-
eficial to all parties. The following recommendations are based on this case study but are
broadly applicable to other innovative restoration projects on private lands. 

Research needs to be focused on the needs of practitioners in Hawaii and elsewhere
(Langholz et al. 2000). For example, our interviews revealed a gap between what practition-
ers and scientists deemed important for making koa forestry work for conservation (Pejchar
and Press 2006). Practitioners were primarily concerned with federal government involve-
ment and endangered species issues, investment costs and risks, and the fact that koa is often
not on the radar screen as a viable alternative to other land uses. Scientists, in contrast, were
concerned with balancing profit and wildlife, and the technical aspects of silvicultural re-
search. Practitioners must also be brought into the decision-making process. For example,
private landowners are rarely on endangered species recovery-plan teams even though much
critical habitat in Hawaii is on private land. 

Restoration on private land in Hawaii demands the integration of ecology and economics
(Shogren et al. 2003; Mascia et al. 2003). Lack of information on land use economics, man-
agement prescriptions, and the biology of relevant organisms has increased risk to the land -
owner. Scientists and economists can help landowners make informed choices by answering
the following questions: What are the economic/ecological tradeoffs of various land use al-
ternatives? How can the landowner maximize both profit and habitat? And, how sensitive are
the profit margin and wildlife to different aspects of the management plan? Ecologists can
contribute with cross-disciplinary research on how biota respond to various management
regimes, and how habitat value can be maximized without losing economic value.

Developing financial strategies that meet the diverse needs of private landowners, while
also achieving restoration goals, is another key step in broadening opportunities for restora-
tion on private land. This is particularly important for decreasing the burden of upfront costs
borne by the landowner. In this context, government incentive programs can be especially
useful in strengthening economic incentives to adopt conservation practices, such as native
forest restoration on private land. Because of this, incentive programs are likely to be most
successful if funds are reliably available. When programs are widely advertised and then cut
or perennially underfunded, landowners lose trust in public-private partnerships. In fact,
most landowners who adopt conservation-oriented, land use practices do so because they
value nature. Voluntary incentive programs help them leave legacies without losing liveli-
hoods; thus, the importance of financial incentives, regulatory relief, fair tax, and strategic
zoning laws cannot be overemphasized. 

Finally, this study demonstrates that working with landowners and investors to embark on
innovative flagship projects that restore natural capital is crucial (table 25.1) (Wilcove and
Lee 2004). With promising but controversial projects like native tree forestry, the public and
often even concerned scientists need convincing. Projects such as koa forestry have the po-
tential for fostering open and trusting relationships between public, private, academic, and
nonprofit partners and reducing the restoration risks for landowners. Overall, the case of koa
forestry suggests that, if driven by economics and informed by ecology, restoration efforts can
succeed on private land in Hawaii. 
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part i i i

Restoring Natural Capital: 
Tactics and Strategies

One of the key issues in relation to natural capital and its restoration is valuation, that is, what
value we should assign to ecosystem goods and services and the stocks that assure their flow,
if any. We have shown in chapters 1 to 3 that valuation can, at best, be only partial. This raises
an additional issue, namely, how to rank both the monetary and nonmonetary values of nat-
ural capital to give effect to the right decision. We therefore shall give special attention to this
issue and, accordingly, the first two chapters in part 3 examine the various valuation and
 decision-making techniques available, from two very different perspectives. The first is an
ecological economics approach, while the second is a decision-making framework for com-
munity groups, government departments, and private organizations that need to make deci-
sions about whether or not to invest in the restoration of natural capital. Such decisions re-
quire a major and long-term commitment, and they typically involve multiple stakeholders
and objectives combined with considerable uncertainty. Taken together, these two chapters
should aid in the decision-making process regardless of the scale involved. 

The next two chapters of part 3 offer a clear-eyed look at tactics and strategies aimed at
overcoming the formidable physical and biological as well as the socioeconomic obstacles to
the restoration of natural capital that exist at local and landscape levels. The following two
chapters are then devoted to tactics and strategies at overcoming the socioeconomic, institu-
tional, and political obstacles at the global level, including those of an economic, legal, insti-
tutional, and governance nature, as well as those related to culture, education, media, and
marketing. The final two chapters are devoted to tactics and strategies aimed at financial and
nonfinancial mechanisms that help make the restoration of natural capital work. They focus
on policies and institutions—two aspects that qualify for the ancient phrase sine qua non. 

One of the brighter aspects of globalization is that people everywhere are more aware of
our collective ecological footprint and its current and projected consequences at the global
level (see chapters 1 and 5). The linkages between and among scales are also increasingly un-
derstood, even if human and market behavior—as usual—lags behind. What is now needed
is for that awareness to be translated into new policies, plans, and behavior—locally, region-
ally, and internationally. As stated often in the book, the goal presented here is nothing less
than jointly forging a new future, a new trajectory, for people managing habitats and ecosys-
tems as if nature matters. Radical changes in investment and management are envisioned in
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a firm and collective move away from dynamics-as-usual toward achieving the fulfilled rela-
tionships envisioned in chapter 2.

The obstacles to restoring natural capital mentioned are also responsible for ecological
and economic degradation or rot. In simplistic terms, to improve human well-being and
quality of life, and—to mention yet another sine qua non—to generate greater hope for our
future, it is vital to find ways to stop both the economic and ecological rot caused by the mis-
management and waste of biological resources, and the long-ingrained failure of people to
even imagine investing in replenishing natural capital stocks when they begin to dwindle. 
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Chapter 26

Valuing Natural Capital and the Costs and
Benefits of Restoration

William E. Rees, Joshua Farley, Éva-Terézia Vesely, 

and Rudolf de Groot

Economics is frequently defined as the study of the efficient allocation of scarce resources
among alternative desirable ends. Natural capital is, of course, the ultimate potentially scarce
resource meeting an ultimately desirable end. Not only do healthy ecosystems improve qual-
ity of life in many ways, they sustain life itself. Moreover, without natural capital, no produc-
tion whatsoever is possible (chapters 1, 3, and 31). While many economists argue that human
ingenuity can develop substitutes for natural capital, this belief ignores the laws of thermody-
namics (Georgescu-Roegen 1971). It can also lead to patently absurd assertions, such as that of
Schelling (the 2005 Nobel laureate for economics) who argued that losing one-third of agri-
cultural output to climate change would be only a minor setback, since agriculture accounts
for only 3% of the gross national product (GNP) (Schelling 1992). Maintaining and improv-
ing the quality of life for present and future generations is clearly a high-level desirable end.
Thus, natural capital is extremely important as both a means and an end in economics.  

Conventional economic analysis strives to balance the marginal benefits of an activity (as-
sumed to be declining) with the marginal costs (assumed to be increasing). Since natural
capital is a prerequisite for life, its total value is actually infinite. However, since some natu-
ral capital must be depleted or altered to produce manufactured capital (chapters 3 and 4),
the human enterprise necessarily encroaches on pristine nature (or natural capital). The
questions then become, How much natural capital should be left intact to provide life sup-
port functions and other ecosystem services, and how much can safely be converted to man-
ufactured capital?

If we could accurately determine all the costs and benefits of development and economic
growth, and ecological changes were smooth and predictable, this question could theoreti-
cally be answered by marginal analysis. We would reach an optimal level for both natural and
manufactured capital when the value of the next increment of manufactured capital just
equals the value of natural capital sacrificed in the process. Conceptually, we should there-
fore allocate resources to restoring natural capital whenever the marginal benefits of doing so
exceed the marginal costs. The practical problem is that we do not understand all the bene-
fits the restoration of natural capital provides, and many of these are public goods that mar-
kets ignore and whose values may be incommensurable with market values. This makes it ex-
tremely challenging to balance costs and benefits. This chapter considers a variety of
approaches to value natural capital and its restoration.
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Measuring the Economic Benefits and Costs of Restoring Natural Capital

Monetary valuation of nonmarket benefits of natural capital is increasingly used to measure
the economic benefits and costs of restoring natural capital, albeit with considerable contro-
versy. On the positive side, monetization theoretically provides a common metric or cur-
rency to compare costs and benefits (though the comparison of present and future values re-
mains problematic, as will be discussed later), and the results are easily communicable to
decisionmakers. Indeed, decisionmakers often request monetary valuations as part of their
deliberations, and proponents argue that decisionmakers will simply ignore the benefits of
restoring natural capital if the latter are not quantified and priced. Even when methods are
controversial and values imprecise, a list of the many ecosystem services, with their imputed
values, can draw attention to the full range of benefits provided by restoration (see table 26.1
for an overview of monetary valuation methods).

Most direct and indirect restoration costs lend themselves to monetary valuation, as do
certain market and near-market benefits of restoring natural capital. In some cases, the value
of restoration can be inferred from calculable avoided-damage costs, as in the case of the
well-known New York City–Catskill Mountain restoration program (chapter 24). Similarly,
the restoration of floodplain and riparian zone vegetation can reduce flood damage, and
restoring wetlands can diminish storm damage to built capital. Again, the money value of the
avoided costs can readily be quantified.

Unfortunately, it is not possible to evaluate many of the other benefits of natural capital
restoration by reference to market prices only. Healthy ecosystems provide many life support
functions that are not marketed, yet whose loss would have unacceptable impacts on human
well-being (MA 2005f). Restoring natural capital increases ecosystem resilience, making it
less likely that we will lose these functions. So valuable are these services that many believe
that access to them is a human right—this is actually enshrined in some national constitu-
tions (e.g., in Costa Rica and Brazil; see also chapter 29). 

When economists try to value intangible ecosystem services, they confront two serious ob-
stacles characteristic of public goods. First, the services are generally nonexcludable by na-
ture, meaning that there is no feasible institution or technology that can prevent someone
from using the resource at will (see chapter 3). Any payments for their use must be voluntary
or coerced (see chapter 33). Second, most ecosystem services are nonrival as well as nonex-
cludable, which means that use by one person does not preclude beneficial use by others (the
resource is not scarce in the conventional sense). For example, no one living in a coastal area
protected from storm surges by healthy wetlands can be excluded from this benefit and, if
one person benefits, this does not leave less storm protection for others. 

To value nonexcludable resources, economists must construct a social-demand curve. A
common approach is to create a hypothetical market, typically achieved by asking people
how much they would be willing to pay to preserve or provide the service in question (see
“contingent valuation” in table 26.1). Alternatively, one could estimate the impact of the ser-
vice on the value of market goods, for example, by comparing housing prices in protected
versus unprotected areas (see “hedonic pricing” in table 26.1). Nonrivalness presents another
challenge. Since each additional unit of service benefits everyone, the value to society of a
marginal change in the service is the summation of marginal values across all the individuals
who benefit.  
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There are further formidable ethical, theoretical, technical, and practical obstacles to
monetary valuation of ecosystem services. For example, as noted earlier, it is questionable
whether it is ethical to place monetary values on services considered to be human rights. A
second ethical issue is that demand curves are determined by preferences weighted by in-
come (see also chapter 3). This approach makes the (un)ethical assumption that an individ-
ual’s “vote” on the value of nonmarket benefits, freely provided by natural capital, should be
weighted by his or her success in the market economy. While it would be fairly simple to
elect politicians in the same manner, most people would find this approach to politics
morally reprehensible. 

Vatn and Bromley (1994) describe three major theoretical-technical shortcomings of con-
ventional economic theory that impede monetary valuation of natural capital and thus con-
found conventional cost-benefit analysis. The first of these is the Cognition Problem: Valid
evaluation of life support goods and services assumes that individuals have perfect knowledge
about all the benefits of those goods or services and the underlying ecosystem functions pro-
viding them. In the real world, however, perfect knowledge is unattainable, so some valuable
attributes may be disregarded out of ignorance. Perhaps most significant in this context is that
many functional contributions of species and ecosystems are essentially beneath perception,
that is, they are cognitively “invisible” when working normally. Vatn and Bromley (1994,133)
describe such “functional transparency” to mean that “the precise contribution of a func-
tional element in the ecosystem is not known—indeed is probably unknowable—until it
ceases to function.” Obviously, we cannot value what we cannot know. Compounding the ig-
norance facing even the best informed scientists, most valuation research seeks information
from lay people after a superficial briefing on the topic that lasts only a few minutes and is in-
adequate to convey even the limited amount we do know.  

A second obstacle is the Incongruity Problem: If the different attributes of natural capital
assets are “incongruous” or fundamentally at odds with each other in the assessors’ minds
(e.g., the timber value of a cypress swamp versus its habitat value for sustaining the last re-
maining ivory-billed woodpeckers), then a single measure such as hypothetical price will not
reflect all the important information. Incommensurate values simply cannot be placed upon
a common scale. In these circumstances, “social norms restrict or reject the commodity fic-
tion” (Vatn and Bromley 1994,135), so that restoration and conservation decisions have to be
based on something other than the perceived money value of the natural capital stocks in
question.

Vatn and Bromley’s third obstacle to monetary valuation is the Composition Problem: In a
complex dynamic ecosystem, the whole may actually be dependent on each of its funda-
mental parts so that the value of any single component cannot be understood independent of
the value of the whole. Thus, the value of individual ecosystem components should not be
derived from their perceived utility to humans but rather from their functional contribution
to maintaining the integrity of the whole system. Vatn and Bromley (1994,137) argue that, in
such circumstances, “the commoditization of environmental goods (as reflected in contin-
gent valuation studies, for example) can be looked upon as a product of the felt need to value
them. It is not immediately obvious to many—other than economists—why it is necessary to
characterize environmental attributes this way.” Some ecological goods and services remain
technically impossible to price (see also chapter 2). 
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Yet another problem is the fact, already emphasized, that monetary values are marginal
values (see chapters 3 and 4). However, nonlinear changes, surprises, discontinuities, and ir-
reversible thresholds characterize ecosystems. In other words, a marginal increase in certain
activities such as commercial fishing or logging may lead to nonmarginal, even “cata-
strophic,” outcomes such as stock collapse or regional climate change, respectively. Under
such circumstances, marginal valuation can be disastrously misleading. 

Modifications of, and Alternatives to, Cost-Benefit Analysis

Although none is ideal, there are alternatives to conventional cost-benefit analysis. For exam-
ple, a cost-effectiveness approach would typically begin by setting a specific restoration tar-
get. A community might decide, based on the best available science, how much restoration of
natural capital is required to provide an adequate amount of ecosystem services to maintain
or enhance human security and well-being. The community would assess the costs of various
options to achieve this goal, including the opportunity (forgone benefits) and transaction
costs, and then choose the least costly option. 

More sophisticated alternatives might use one of several multicriteria analysis tools, all of
which follow a similar logic. First, working with affected parties, define the desired goals for
a project or program, along with different (often incommensurable) criteria by which to eval-
uate success in achieving them. Second, generate alternative strategies for achieving the
goals, assess how well each strategy meets our evaluation criteria, and discard those strategies
inferior to others for all evaluation criteria. To rank remaining options and facilitate the final
strategy choice, we would develop weights for the different evaluation criteria, again with in-
put from affected parties. While assigning weights is similar in principle to monetary valua-
tion, the process is far more transparent and amenable to stakeholder participation (Farley et
al. 2005).

Human Time Preference: The Discounting Problem

Both the monetary valuation of ecosystem services and its alternatives have another serious
limitation: how to compare costs and benefits occurring at different times. The standard ap-
proach is to use discounting (as has been done in chapter 21, for example), which represents
the present value of costs and benefits occurring in the future as being worth exponentially
less than the same nominal benefits/costs today. 

There are several justifications for this temporal discounting, the major one based on the
opportunity cost of money. Money today can be invested and grown to some projected future
value—discounting is essentially this process in reverse—but this opportunity is lost to 
money acquired only in the future. Problematically, discounting assumes the economy will
continue to grow indefinitely (see chapter 4), which is unrealistic. In fact, economic growth 
is now consuming critical natural capital instead of just the “natural interest” (see chapters 5
and 6), so the future economy is likely to shrink. Economic decline justifies a negative dis-
count rate (see also chapter 29) because a unit of economic output in the future will provide
greater net benefits than an equivalent unit today. Similarly if natural capital is declining, its
marginal utility is presumably increasing, which would also justify a negative discount rate. In
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addition, estimated returns on monetary investments are often too high because the negative
impacts of the investments are ignored. If we justify ignoring negative impacts that occur in
the future because their discounted present value is so low, we are guilty of circular reasoning. 

Curiously, economists often further justify discounting natural capital because technol-
ogy may develop a superior substitute for a given resource, making it less valuable in the fu-
ture. While this can happen and should be supported, society actually often develops new
uses for resources that increase their scarcity—consider petroleum over the past 150 years.
This makes resources more, not less, valuable over time. If anything, this would again justify
a negative discount rate. Ultimately, technology is a complement to natural resources, not a
substitute (Daly and Farley 2004).

A second general justification for discounting is personal time preference. People prefer
benefits today to benefits in the future due to impatience, greed, and uncertainty. Conven-
tional economists assert that we must respect this preference despite two major counterargu-
ments. First, if the economists’ argument is valid, how can we then argue that society should
prefer benefits for people alive today to those of future generations? Second, society has a
longer life span and less uncertainty than individuals. Social discount rates should therefore
be lower than private ones.

There are many other problems with discounting, and there is a vast literature proposing
modifications and alternatives (see Henderson and Bateman 1995; Weitzmann 1998; Freder-
ick et al. 2002; Young and Hatton McDonald 2006). However, even this cursory assessment
makes it clear that discounting the future benefits of natural capital restoration may not be
justified.

Who Benefits from, and Who Should Pay for, the Restoration 
of Natural Capital?

Identifying all the parties benefiting from the restoration of natural capital is complicated by
the variety of benefits and their diffuse spatial and temporal distribution of restoration. Those
investing in restoration may gain in a range of ways: for example, a company from regulatory
compliance (chapters 9 and 10); a local community from improved water quality (chapter
24); a corporate sponsor from the “green” image (chapter 23); or an environmental non-
governmental organization from payments received for carbon sequestration services (chap-
ter 19). 

With potentially many beneficiaries, who should pay? The costs include the direct ex-
penditure of conducting on-the-ground restoration activities (which may be minimal, if nat-
ural capital can restore itself), and the opportunity costs incurred from not exploiting alterna-
tive uses of the restored land and resources. Traditionally, two main principles apply in
exploring who should pay for ecosystem maintenance and improvement. The impacter pays
principle—an extended version of the polluter pays principle—requires individuals or enti-
ties that damage ecosystems to meet the costs of restoration activities (chapters 9 and 10). The
beneficiary pays principle requires anyone who benefits from restoration to contribute to the
costs of undertaking it (chapters 12, 24, and 25). The application of these principles might re-
sult in cost-sharing arrangements among or between impacters and beneficiaries. Both prin-
ciples are explicitly normative, stating an ethical position on who ought to bear the costs of
achieving desired environmental goals. The final decision is necessarily made in the political
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arena, based on views about rights and fairness, seasoned by both community expectations
and power politics (Pannell 2004). 

Impacter Pays
Legislating the impacter pays principle is equivalent to introducing a new obligation for res-
toration under existing property rights. The impacters might restore the ecological damage
themselves or mitigate it by buying damage credits. These credits would then go toward pay-
ing for the restoration of equivalent ecosystem services—for example, carbon sequestration
services—in some other location. This mechanism depends on an established institutional
framework for credit trading and strong capacity for regulation and compliance monitoring. 

Individuals or businesses that face the legal responsibility for restoration will not necessar-
ily bear the economic costs of its provision. These costs can be passed on to consumers
through higher prices or passed back to employees and shareholders through lower wages
and dividends (Dodds 2004). Adoption of the impacter pays principle may thus have social
consequences, as it will add to the costs faced by resource users or consumers. This may be
important, especially if the commercial viability of resource users is uncertain. However,
such problems should be addressed by access to temporary credit rather than through release
from responsibility (Marshall 1998). 

To apply the impacter pays principle for historical damages, a retrospective liability frame-
work is needed. This is a common approach in contaminated site legislation (Caunter et al.
2005). However, retrospective application of the impacter pays principle gives rise to certain
practical problems, such as the difficulty in identifying and locating the person(s) originally
responsible for the natural capital damage. Moreover, since monitoring and enforcement
can result in considerable implementation costs, this can reduce the benefits of applying the
impacter pays principle and may compromise the achievement of restoration outcomes
(Aretino et al. 2001). Some even consider it unfair to penalize impacters retroactively for
complying with the accepted legal frameworks and policies of the past. From this perspec-
tive, financing the repair of past degradation should be based on the beneficiary pays princi-
ple, which is likely to imply some funding from taxpayers (Tilton 1995).

Beneficiary Pays
The beneficiary pays principle means that anyone who benefits from the restoration of dam-
aged ecosystems should contribute to the cost. The principle has two components—user pays
and beneficiary compensates—that should be used together. Under the user pays principle,
individuals and groups contribute to the costs of undertaking restoration activities that di-
rectly benefit them. Under the beneficiary compensates principle, governments typically
contribute to the restoration costs on behalf of the general community, if restoration gener-
ates public (nonexcludable, nonrival) benefits (Young 1992; chapters 21, 22, and 32). 

If specific beneficiaries are lumped into the category of general community, and their pri-
vate benefits are described as public benefits, the general community may be burdened with
costs that individuals or groups should meet under the user pays component. This potential
misapplication may occur because it avoids the problem of having to identify specific benefi-
ciaries and the associated compliance costs of collecting contributions.
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Since adoption of the beneficiary pays principle may require beneficiaries to pay for res-
toration services that they have not paid for previously, it will have social implications. To
help individuals adjust, governments may consider providing assistance or introducing new
arrangements gradually.  

To summarize, who benefits from and who should pay for restoration will be context de-
pendent and contingent upon ecological, economic, social, and legal circumstances. Eco-
nomics can inform this debate by quantifying the distributional effects of alternative policies
and the impacts of alternative policies on efficiency. The ultimate decisions, however, will
flow from community perceptions of the problem, public expectations, legal norms, and the
distribution of political power.

Behavioral and Sociocultural Barriers to Restoring Natural Capital

Some of the barriers to natural capital restoration are deeply rooted in human nature and
prevailing cultural beliefs. At bottom, people are not natural conservationists. On the con-
trary, like other species, Homo sapiens has an innate predisposition to occupy all accessible
habitats and exploit all available resources (Rees 2004). The human expression of these ten-
dencies, however, differs from that of other species in two important ways. First, human
progress has been marked by efforts to reduce or eliminate systemic negative feedback that
would limit the scale of human enterprise (chapter 1). Second, our technological capacity to
exploit natural capital is cumulative and constantly improving. One result of these evolu-
tionary forces is the “remarkable consistency in the history of resource exploitation: Re-
sources are inevitably overexploited, often to the point of collapse or extinction” (Ludwig et
al. 1993). 

Spurred by such observations, Fowler and Hobbs (2003) tested and rejected the null hy-
pothesis that H. sapiens is “ecologically normal,” that is, that humans fall within the normal
range of natural variation observed among similar species for a variety of ecologically relevant
measures. In terms of population size, energy use, carbon dioxide emissions, biomass con-
sumption, and geographical range, the human impact is greater than that of other species by
orders of magnitude. For example, human biomass consumption is almost two orders of mag-
nitude above the upper 95% confidence limit, in comparison with ninety-six other mam-
malian species. These data indicate that H. sapiens may be the most destructively formidable
predatory and herbivorous vertebrate ever to have existed. Ironically, the overuse of natural
capital witnessed today is the result of humanity’s extraordinary evolutionary success (Rees
2004).

There are many other dimensions to humanity’s bias against conservation/restoration. For
example, humans are naturally self-interested as is reflected in the ethical framework of neo -
liberal economics. This framework is “utilitarian, anthropocentric and instrumentalist in the
way it treats [natural capital]. It is utilitarian in that things count to the extent that people
want them; anthropocentric, in that humans are assigning the values; and instrumental, in
that biota is regarded as an instrument for human satisfaction” (Randall 1988, original ital-
ics). This value framework, with its emphasis on short-term, individual, utility maximization,
is clearly hostile to the long-term, common-pool values that would accrue from restoring nat-
ural capital, particularly given the difficulties in quantifying and pricing the latter. 
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Societies, of course, are highly complex, and short-term individual utility maximization is
only one facet of human nature; we are also capable of cooperative and altruistic behavior
and long-term planning. However, certain aspects of our biological predisposition against
sustainable behavior are currently being reinforced by purely cultural factors. Perhaps most
important has been the purposeful “social construction” of our modern, growth-based con-
sumer society, abetted by the creation of a multibillion-dollar advertising industry dedicated
to making a secular religion of consumption. The attendant risks to natural capital are
heightened by the fact that our education systems generally fail to instill in nonscience stu-
dents even a rudimentary understanding of natural capital’s role in providing and maintain-
ing global life-support functions. Consequently, the public remains almost totally ignorant of
humanity’s ultimate dependence on adequate stocks of functional natural capital. 

Meanwhile, technological advances and globalization increase the average person’s alien-
ation from natural capital (chapter 2). Consider the accelerating process of global urbaniza-
tion. The migration of hundreds of millions of people from the land to cities separates people
both spatially and psychologically from the ecosystems that support them. Most critically,
with urbanization, people shift from valuing natural capital for subsistence (exploiting the di-
rect use value of natural capital) to seeing natural capital as a means of making money
through trade, that is, through the commodification of natural capital and the exploitation of
its exchange value. This has the potential to lead to overexploitation for short-term economic
gain as ecological ignorance and human time preference (discounting) combine to underes-
timate the value of the future income stream from essential natural capital stocks.

Worse still, as people become increasingly dependent on distant stocks and flows of 
natural capital (e.g., on imported food), they both place less value on their own natural as-
sets—they may pave over local farmland—and are blinded by distance to the effects of un-
sustainable natural capital exploitation in the exporting regions. Not only do such factors un-
dermine incentives for ecosystem maintenance and restoration, they accelerate the depletion
of remaining stocks of natural capital everywhere. 

There is a final concern. Scientists’ warnings about the need for natural capital restoration
and conservation are undermined by the growth ethic and society’s arrogant confidence in
the power of technology to compensate for the destruction of ecosystems and the loss of nat-
ural life-support functions. To quote the late professor Julian Simon, “Technology exists now
to produce in virtually inexhaustible quantities just about all the products made by nature”
and “We have in our hands . . . the technology to feed, clothe, and supply energy to an ever-
growing population for the next seven billion years” (cited in Bartlett 1996, 342). This com-
forting, almost defiant belief now pervades neoliberal economics as “the principle of near-
perfect substitution” (see also chapter 2). 

Such powerful cultural myths serve as a kind of intellectual armor on the body politic, of-
ten deflecting the sharpest barbs of reality and, in this case, reinforcing the growth-bound,
natural capital–depleting status quo. The substitution myth persists despite contrary econo-
metric analyses showing that, because of the hidden costs of shifting resources from con-
sumption to investment, “it is not possible to substitute capital for environmental life support
and maintain material well-being” (Kaufman 1995, 77). When prevailing cultural mythology
reinforces innate human behaviors that have become destructively maladaptive, it is doubly
difficult to muster the economic resources and political support necessary for society to prop-
erly value, conserve, and restore natural capital stocks. 
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Contribution

Uncertainty, narrow self-interest, a spreading consumer ethic, and the naturally conservative
behavior of human societies confound efforts to restore natural capital. This is increasingly
problematic. Systems science tells us that we face irreversible thresholds beyond which con-
tinued depletion of natural capital may be catastrophic to global civilization, yet we have no
idea where many of these thresholds lie. Indeed, we face the distinct possibility that we are
nearing critical “tipping-points” and that, without active restoration, the loss of natural capi-
tal and global life support will soon be irreversible. 

Given irreducible uncertainty and unprecedented high stakes, the prudent course for hu-
manity would be to focus its efforts on generating the resources and developing the institu-
tions necessary to restore natural capital. It could even be argued that, since adequate stocks
of critical natural capital are a prerequisite to human existence and the aggregate economy is
already in a state of overshoot (WWF 2006), additional research into valuing natural capital
is a waste of valuable time. We should simply get on with the needed restoration. Regrettably,
most of the people with the authority and influence to bring about natural capital restoration
on the scale required are not yet convinced of the need, or they remain in the sway of the
aligned powerful forces maintaining the status quo. In these circumstances, monetary valua-
tion of natural capital, whatever its limitations, may yet prove to be a useful tool for convinc-
ing the public and policymakers of the need to act now. And fortunately, scientific evidence
is mounting that sustainable use (and thus restoration) of ecosystems is economically more
profitable than unsustainable use (Balmford et al. 2002).

Whatever the outcome of the restoration debate, it is clear that, despite the prevailing sub-
stitution myth, humans cannot survive without natural capital. Restoration is our only real
option. The tragedy is that the power of our growth-with-substitution myth may prevail over
the warnings of our best science (see also chapter 2). In these circumstances, those with at
least a hint of biophilia in their psyches may take some small comfort in knowing that natu-
ral capital can flourish without humans. 

236 restoring natural capital:  tactics and strategies

ch26(pt3):IP_Aronson  5/24/07  8:54 AM  Page 236



Chapter 27

A Decision-Analysis Framework for Proposal
Evaluation of Natural Capital Restoration

Mike. D. Young, Stefan Hajkowicz, Erica J. Brown Gaddis, 

and Rudolf de Groot

Community groups, government departments, and private organizations frequently need to
make decisions about whether to invest in the restoration of natural capital (Hajkowicz et al.
2000). When these decisions require a major commitment, they typically involve multiple
stakeholders and objectives, and considerable uncertainty (Gough and Ward 1996). Since
public scrutiny and expert review are essential for transparency and public participation, the
process can be facilitated by rigorous, repeatable, structured methods to resolve the ques-
tion, To restore or not to restore? This chapter provides such a decision-making support
framework.

Deciding to Restore Natural Capital

When deciding whether to invest in the restoration of natural capital, it is important to con-
sider the nature of the decision being made. 

Decision Characteristics
Gough and Ward (1996) indicate that one of the major characteristics of natural capital res-
toration decision making involving ecosystem services is the existence of considerable un-
certainty and the presence of multiple stakeholders with conflicting objectives, coupled with
a need to assess intangible outcomes (see also chapter 26). In fact, probably the most impor-
tant decision is what the restoration objective should be. In many cases it may be more cost-
effective to prevent degradation rather than to wait until restoration is necessary. Such deci-
sions must consider landscape ecology and the relative importance to the community and
landholders of ecosystem services. Unfortunately, private property ownership often conflicts
with community interests (see chapter 21).

Once a potential restoration target is identified, several steps are required for the restora-
tion of the system, while decisions must be made throughout the process. A first step might be
the negotiated removal of the causes (or drivers) of ecosystem service loss and then determin-
ing whether the system can restore itself (see chapter 28). The second step may involve deci-
sions to restore ecosystem processes in general (see chapter 9), whatever they may be at a cho-
sen site. Both of these stages facilitate the self-organization of a system to provide more
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ecosystem services. If desired species do not colonize naturally, the third step may involve the
reintroduction of certain species to restore a particular ecosystem structure.

Classification of the Decision to Restore Natural Capital
Decisions associated with restoration can be approached in many ways. The purpose of the
classification presented here is to enable assessment of the decision-support techniques dis-
cussed throughout the remaining chapters. Three major types of restoration decisions can be
identified:

1. Prioritization decisions involve appraising many alternatives, with decisions being ei-
ther cardinal or ordinal. Cardinal prioritization requires a quantitative performance
index to be assigned for each alternative, while ordinal prioritization requires only in-
formation on the relative performance of the alternatives. For example, prioritizing a
large number of projects competing for limited funds is a prioritization decision.

2. Allocative decisions involve the distribution of resources among competing stake-
holder groups, with the apportionment of pollution permits providing an example of
allocative decision making. If these permits are made tradable, the result can be the
efficient restoration of natural capital (chapter 32).

3. Threshold decisions typically involve a step change in managerial approach. When
making threshold decisions, it is necessary first to identify an appropriate threshold
and second to identify the alternatives associated with the threshold. Determining the
minimum, acceptable water quality standards for environmentally significant streams
is an example of a threshold decision. Restoration of natural capital is required, typi-
cally, when water quality falls below this level. Once the threshold is set, restoration
becomes mandatory when water quality falls below that level—irrespective of the cost
of doing so.

Classification of the Decision Support for Restoring Natural Capital
Figure 27.1 classifies decision support into two main categories: 

• Descriptive and predictive decision-support techniques are explanatory in nature. They
can be used to illustrate how complex environmental or social processes function. Typ-
ically, they try to avoid incorporating human value systems to identify a rational or ap-
propriate decision, while tending to describe or predict what will happen rather than
what should happen. Predictive models can help decisionmakers explore the realm of
the possible, that is, assess the possibility of the maximum expected performance,
which can provide a comparative benchmark for alternatives.

• Prescriptive decision-support techniques combine social, economic, and biophysical
data with preference statements to prescribe a rational, optimal, or best decision (i.e.,
what should occur). Tradeoffs among prestated objectives, such as economic effi-
ciency, job creation, and environmental preferences, are common. Nevertheless, the
prescribed decision may not necessarily be what is adopted in practice, once further
discussion and evaluation of recommendations occur. Prescriptive restoration deci-
sion-support techniques provide abstractions or simplifications of reality, and as with
any type of model, they always contain inaccuracies.

238 restoring natural capital:  tactics and strategies

ch27:IP_Aronson  5/14/07  10:56 AM  Page 238



Despite their limitations, prescriptive models can be extremely useful in helping deci-
sionmakers understand a complex decision problem, while reducing the issues to be resolved
before making a final decision. Typically, prescriptive models focus on benefits and costs,
broadly speaking.

Prescriptive decision-support models are broken up into two subcategories of analytical
techniques and policy frameworks. Analytical techniques involve a highly specialized, re-
peatable, and structured process for identifying an optimal or best decision alternative. Cost-
benefit analysis (CBA) and multiple criteria analysis (MCA) provide examples. Typically, 
analytical techniques, like these, follow well-developed methodological protocols. As profes-
sional protocols are well understood, it is important to document any deviations from stan-
dard analytical procedures.

In contrast, policy frameworks for decision support are more loosely structured and capa-
ble of handling a much broader range of issues and input. Most policy frameworks represent
the legal and institutional processes by which decisions are made, and they need to mesh
with other laws and cultural practices of a society. They need to be able to accommodate in-
put from the many stakeholders, community groups, industry, and government, and conse-
quently they cannot be as rigidly structured as decision-support analytical techniques.

Often these analytical techniques are applied as part of, or within, a policy framework. For
example, MCA might be used to assess the performance of alternative development scenar-
ios during an environmental impact assessment (EIA). However, it is most unlikely that res-
toration practitioners will need to choose between application of a policy framework and an
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Figure 27.1. Classification of dominant restoration of natural capital decision-support techniques
and frameworks. (Descriptive and predictive approaches are not discussed in this chapter. For more
detailed information on each technique, see Hajkowicz et al. 2000).
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analytical technique. Generally, the questions will be which policy framework(s) should be
adopted, and which analytical techniques are required.

Decision Uncertainty Associated with Natural Capital Restoration
The state of knowledge guiding decision making is regarded by Wynne (1992) to be at one of
four levels: (1) under conditions of risk, (2) under conditions of uncertainty, (3) under condi-
tions of ignorance, and (4) under conditions of indeterminacy. Within this framework, a deci-
sion involves a risk when the distribution of probabilities is known and the causes of change
fully understood; uncertainty involves situations where the causes of change are not fully un-
derstood but can be explained after a change has occurred. Indeterminacy applies to situations
where the state of a system changes and the causes of that change cannot be  explained.

Under conditions of ignorance, the outcomes or the probability of their occurrence are not
fully known. The extent to which each of these is important depends in part at least on the
goals of the restoration project. For example, restoration of hydrologic functions may have sig-
nificantly less uncertainty associated with it than the introduction of a nonnative species to
control another nonnative invasive species (see McNeeley 2001; Gobster 2006).

Depending upon the preferences of those involved in the analytical processes, uncer-
tainty can cause decisionmakers to exhibit preference for the status quo until more informa-
tion becomes available and/or more alternatives emerge. 

In the case of an indeterminate decision, the cause of the issue being managed is not
known. In this situation, very careful experimentation should be undertaken.

Conflicting Objectives in Restoring Natural Capital Decisions
Smith (1993) indicates that traditional environmental and natural resource decision making
has concentrated narrowly on the following three questions: (1) Is it technically feasible? (2)
Is it financially viable? (3) Is it legally permissible?

Contemporary understanding of rational, restoration decision making introduces a re-
quirement for a broader range of factors to be considered. Typically, restoration decisions are
characterized by multiple objectives. For example, it is common to try to satisfy economic,
ecological, social, and cultural objectives, which in some cases demands a choice between
restoration of selected ecosystem services and full restoration of ecosystem structure. In other
examples, where irreversible losses have occurred, while full restoration is not possible, many
of the ecosystem services sometimes can still be recovered.

The Restoring Natural Capital Decision-making Processes

While this chapter focuses on so-called rational decision-making processes, it needs to be rec-
ognized that many decision-making processes do not necessarily follow rational principles, as
described by decision theory. The violation of these rational-decision principles can be at-
tributed to the nature of subjective values and probability functions, combined with the fail-
ure to consider all factors that influence a process, or to the specific shortcuts used by deci-
sionmakers when making judgments. Avoidance of rational processes can also be used to
produce outcomes that favor one group over another. 
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Rational Model of Decision Making
Exposed to many unforeseen and unpredictable factors, decisions associated with natural
capital restoration rarely follow the rational model (figure 27.2). Nevertheless, this provides
the foundations for most objective decision making (Smith 1993), and is unidirectional,
rigid, and highly structured. However, there are few opportunities for revision or consulta-
tion, and Lindbolm (1959, 82), in discussing the rational model, observed that

as to whether the attempt to clarify objectives in advance of policy selection is more or
less rational than the choice of inter-twinning marginal evaluation and empirical
analysis, the principle difference is that for complex problems the first is impossible
and irrelevant, and the second is possible and relevant.

A requirement for a less rigid or “intertwinning” decision procedure makes it possible to con-
sider new alternatives as the process advances and to allow objectives to be respecified. Typi-
cally, decisionmakers will need to revisit the stage of specifying alternatives and objectives
many times.

The Process of Decision Making About Restoring Natural Capital
Figure 27.3 presents a generalized version of the restoration decision-making process that
builds upon the rational model. Its circular form emphasizes the cyclical nature of most res-
toration decision-making processes, with the gradual change from light to dark gray rep-
resenting progression through the procedure. In practice, however, restoration decision-
 making processes are (very) messy, because external factors, such as political interventions,
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the emergence of new information, and changing community values, continuously influ-
ence the procedure.

Another important aspect of the process is legitimacy, because as the procedure develops,
different actors and stakeholders become involved. Professionally trained analysts, for exam-
ple, play a major role during the filtering processes and in-depth analysis, as shown in figure
27.3, while impact assessment typically involves extensive stakeholder engagement. 

The feedback loops between the stages of problem definition, identification of objectives,
and identification of alternatives associated with ecosystem service provision, show the inter-
relatedness of these tasks. In practice, this stage of the process is fuzzy, and it can be difficult
to define the problems or opportunities without having objectives. Similarly, developing ob-
jectives can be complicated without knowledge of the alternatives (and vice versa). 

Once the restoration alternatives have been identified they are usually subject to some
form of screening process that removes those that are clearly inferior and disliked by all stake-
holder groups. If, for example, two alternatives offer similar outcomes but one costs much
more, then the more expensive option can quickly be eliminated. Indeed, screening allows
the available resources to be concentrated on more detailed analysis. 

Once a smaller set of restoration alternatives has been identified (typically two to four op-
tions), these are subject to in-depth analysis and full specification. In most cases, one of the
alternatives needs to include the no-restoration option. A classic set of alternatives would be
to consider (1) leaving a stream as it is, accepting the consequences of increased sediment
load, and accepting the status quo; (2) restoring upstream wetlands; (3) restoring a riparian
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corridor; or (4) dealing with the farmland sediment source. Once a short list of alternatives
has been identified, use of structured decision-support techniques can begin. 

After the completion of an in-depth analysis, a draft recommendation is made, with high-
level decisionmakers becoming more involved in the process. Typically, the level of analysis
and involvement of decisionmakers will depend on the magnitude of the impacts of the con-
sidered project; small-scale or low-impact projects may require less in-depth analysis as well
as less high-level oversight. The most common approach at this stage involves various forms
of impact assessment. Sometimes, high-level decisionmakers sense that the subsequent stages
may fail or cause serious political problems, and, as a result, they seek to delay the decision by
calling for more information and/or consideration of other alternatives. Political problems
are common when a key person has expressed a view or position that is not supported by de-
tailed analysis. Procrastination and filibustering occurs until a way can be found to make it
appear that the views of the key person are not in conflict with the view supported by the
analysis and engagement processes used.

On completion of the impact assessment phase, a final recommendation is made. If
deemed unacceptable, the procedure may be repeated and the stages cycled through again.
Otherwise, restoration of the natural capital in question begins, subject, of course, to avail-
able resources, budget authorization, the absence of court injunctions, or protesters. How-
ever, not all restoration decisions will follow all these stages.

Community-based Natural Resource Management
Many studies have found that major restoration decisions not involving the community and
key stakeholders in the decision-making process fail. This has led to the emergence of
community-based natural resource management (CBNRM) (chapter 29), which is defined as
“a process by which the people themselves are given the opportunity and/or responsibility to
manage their own resources, define their needs, goals and aspirations and make decisions af-
fecting their well-being” (Experts Workshop 1991). Nevertheless, it needs to be recognized
that communities are not homogenous and people within them often hold conflicting views.
Central governments have a responsibility for ensuring that the views of all stakeholders
have, at least, been considered.

CBNRM involves a shift in autonomy from government institutions to frameworks that
empower the broader community (Matsumara 1994). This is leading to requirements for
 decision-support techniques that are accessible to the community and the use of information
derived from community sources.

With specific reference to CBNRM, Fellizar (1994, 205) defines a community as “a group
of people living in a geographically defined area, with a common history and definite pattern
of relationships.” Its members have a common interest in how the natural resources are man-
aged. In other terms, the community members will all be stakeholders standing to incur
some loss or gain from a decision. 

For example, the community in a catchment could comprise agricultural producers, en-
vironmental conservationists, and tourists, who derive economic benefits and ecological and
recreational values, respectively. These and other groups will incur loss or gain as a result 
of how the catchment is managed and therefore should be considered part of the commu-
nity. This understanding implies that the community, as defined for purposes of restoration

27. A Decision-Analysis Framework for Proposal Evaluation of Natural Capital Restoration 243

ch27:IP_Aronson  5/14/07  10:56 AM  Page 243



decisions, may have members who do not reside within the local region. Unfortunately, the
development of mechanisms to engage the global community in a cost-effective manner re-
mains problematic.

Numerous authors have argued that CBNRM is a more effective means of achieving sus-
tainable development goals compared to traditional top-down approaches (Renard 1991;
Campbell and Siepen 1994; Matsumara 1994; chapters 15, 16, and 19), as it is generally con-
sidered to foster a sense of increased stewardship over natural resources and promote inter-
and intragenerational equity.

Transparency in Restoring Natural Capital Decisions
The shift toward CBNRM has led to calls for increased transparency in government (and pri-
vate sector) decision making. Transparency means that the basis for a particular decision is
clear to all stakeholders. While it is simple to argue that nothing should be ambiguous or hid-
den from the public eye, in practice this ignores the possibility of legitimate protection of pri-
vacy and confidentiality. Failure to maintain privacy and confidentiality detracts from many
of the values central to democratic government.

Decision-support methods can sometimes be too complex or used in such a way that the
reasons behind a decision are unclear; this can occur either incidentally or intentionally. Ide-
ally a decision-support framework will provide a structure that makes explicit the reasons be-
hind a particular decision and intentional “clouding” difficult or impossible.

A common problem with decision support is that the procedures are not fully under-
stood by the decisionmakers or the stakeholders being impacted. The end product of such
decision-support techniques can be a single index representing the performance of alterna-
tive options. However, decisionmakers will be unlikely to trust an index without knowledge
of its underpinning assumptions, and hence McAllister (1980, 265) cautions against over re-
liance of the “grand index” in decision making: 

Although grand index schemes are appealing as elegant technical solutions to the eval-
uation dilemma, they are neither valid nor acceptable. There is no simple shortcut to
the time-consuming personal task of reviewing the many consequences of proposed
actions until a holistic impression of their significance forms, which can be used to
judge the preferred action. 

Implementing Decision Support

Most, if not all, decision-support techniques and processes applied to the restoration of natu-
ral capital have the common purpose of seeking to improve restoration decisions by increas-
ing transparency, multiple stakeholder participation, fairness, and decisionmaker learning
and understanding. To this list, one can add comparability, comprehensiveness, accuracy,
timeliness, cost, and so forth. The key challenge for the practitioner is to decide which ap-
proach best suits the stage at which a decision-making process stands. In practice it is rare
that any single technique or framework will be best suited to a particular problem. Typically,
the techniques are not mutually exclusive, and therefore different approaches can shed light
on different aspects of what are often complex decision choices.
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Administrative Arrangements
These have a profound impact on restoration decision processes and outcomes. To a large ex-
tent, administrative structures determine which stakeholders are involved and the nature of
alternatives and issues considered. Regarding administrative arrangements, Dovers (1999,
81) identifies the following opportunities:

1. To improve information capacities (gathering, manipulation, and communication)
2. To improve policy and management coordination and integration across sectors
3. To increase longevity and persistence in policy processes and initiatives
4. To enhance policy learning across space and time
5. To improve capacities and techniques for policy instrument choice and comparative

policy analysis
6. To provide clearer policy and statutory mandates (more direction, less direction) to

improve institutional capacities 
7. To enhance and institutionalize community participation in policy and management

In countries such as Australia, the emergence of community groups is facilitating a signif-
icant devolution of decision-making responsibility from government to community mem-
bers. This devolution of responsibility is confronting community groups with complex deci-
sions that they are not well equipped to make. While many of the techniques currently
available appear too complicated or time consuming, in practice if one wants to make a de-
cision in the confidence that it can be relied upon, their use cannot be avoided. Hence, com-
munity groups are increasingly required to apply structured and transparent decision-making
processes. In South Australia, for example, the Natural Heritage Trust (a major source of
funding for community-based projects) requires cost-benefit analysis (CBA) for projects that
exceed AUS$150,000 (US$105,000) in any year.

Applying Decision Support at Various Stages of the Decision-making Process
The type of decision support that is most relevant will largely depend on what stage has been
reached in the decision-making process. Figure 27.4 shows a simplified form of the process
and identifies where the various support techniques have most pertinence, as well as the
community involvement stages of greatest importance. CBNRM plays a significant role in
the decision process, even though it is not classified as a support technique or policy frame-
work; it supplies legitimacy to the procedure.

While each of the decision-support techniques could be useful at every stage, there are
some points where certain approaches are likely to have more (or less) relevance. Multiple
criteria analysis, for example, is extremely useful for filtering alternatives, because it can be
structured to appraise quickly a large number of options against a set of criteria. While there
are many exceptions, at the beginning, analytical techniques tend to dominate, which, to-
ward the end, are replaced with policy frameworks.

Supporting Decisions in the Early Stages of the Process
Decisions that occur in the filtering stages of the procedure involve prioritization. Here the
main task is to rank a large set of alternatives against a set of objectives. In such cases, formal
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or informal multiple criteria analysis (MCA) and its many variations have most applicability.
Typically, budgetary constraints will not permit a wide range of policy frameworks or CBA to
be used.

Through the construction of an effects table, MCA can provide a useful way of evaluating
many alternatives against a set of multiple and conflicting objectives. Effects tables are nor-
mally prepared by subgroups of professional analysts and stakeholders, with the data being at
either a quantitative or an ordinal measurement level. If a performance index is not required
for each alternative, then ordinal-level data can be relied on more heavily and the require-
ments for quantification relaxed.

Conversely, CBA is a more demanding and more structured form of MCA, which can be
used to prioritize decisions if sufficient resources are available. However, the MCA proce-
dure is more flexible than CBA and therefore provides opportunities for time and cost saving.
Detailed CBA is usually reserved for a smaller number of proposals, which, following screen-
ing, are deemed to have significant potential.

Another drawback of CBA is that priority is often defined by noneconomic (and un-
 monetizable) criteria (see also chapter 26). While nonmarket valuation techniques are im-
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Figure 27.4. Application of decision-support techniques and policy frameworks in the natural re-
source management-decision procedure. (For a fuller description of these techniques, see Hajkowicz
et al. 2000.)

CBRM - Community-based
resource management

*Structuring the problem involves the stages of identifying objectives, identifying alternatives, and defining the problem as 
identified in the natural resource management decision process in chapter 1.
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proving, they struggle, faced with evaluating social and cultural considerations. Some people
consider that MCA can handle such criteria better and more transparently than CBA,
though the contrasting view is that CBA is more rigorous and less prone to subjectivity. Once
a priority list has been obtained through MCA, more in-depth analysis can be conducted by
applying other policy frameworks (e.g., risk assessment, environmental impact assessments
[EIA], social impact assessments [SIA], citizens juries) or CBA (see figure 27.4). 

Supporting Decisions Near the Conclusion of the Process
Decisionmakers are faced increasingly with binary decisions near the end of the process; that
is, the range of natural capital restoration alternatives has been subject to analysis and inves-
tigation such that only two remain (generally to accept or reject a proposal of some type). Ma-
jor binary decisions are generally made by democratically elected or appointed community
leaders who rely on, among other things, the above techniques to act as a surrogate for a com-
munity referendum on the final choice. As such, it needs to be recognized that such consid-
erations extend well beyond traditional CBA.

Decisionmakers will primarily be interested in assessing whether a proposal is ecologi-
cally, economically, and socially sound. This is achieved through EIA, SIA, and other forms
of impact assessment, with a CBA possibly having relevance as an economic check of the pro-
posal’s financial soundness. The citizens jury approach may also have value to incorporate
community attitudes into the decision-making process. 

In binary decisions, the focus is on loosely structured, value-laden, political issues, and it
is unwise to make a binary decision by placing total reliance on the results from a single ana-
lytical technique, especially when that technique is poorly understood by the community. In
this regard, MCA has significant shortcomings, as it involves methods understood by only a
minority of technical experts. Its use in the lead-up to a final binary decision choice that is be-
ing closely watched by many stakeholders can lead to perceptions of unfairness or concealed
factors influencing a decision. The calculation of performance indices by methods such as
MCA can also detract from its role at this stage.

Contribution

It is evident that major restoration decisions require the use of more than one technique 
and, in a world freed from budgetary and time constraints, it would be desirable to apply as
many relevant techniques as exist. However, in a resource-constrained world only a few tech-
niques can be used even though methods that combine several techniques are emerging. For
example, MCA can be used within an EIA to assess the environmental merits of alternative
development proposals, as it often includes socioeconomic variables and thus has broader ap-
plication than simply assessing proposals on their “environmental merits.” Similarly, combi-
nations of CBA and MCA are being tested.

When there is no agreement, as is often the case, Rawls (1987) advises the use of tech-
niques that reveal the extent to which a decision is characterized by an “overlapping consen-
sus.” He recommends that a search for a consensus affirmed by opposing theoretical, reli-
gious, philosophic, and moral doctrines is likely to be a just one and, in a resilient fashion,
likely to thrive over generations. While appealing, this approach is challenging since it is not
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based on any internal sense of mathematical logic. Nevertheless, a decision, affirmed by
many different techniques and consistent with alternative sets of value systems and value
weights, has the elusive attraction of apparent rigor, because it has passed all tests.

At the beginning of this chapter it was noted that the objective of decision support is to im-
prove the rationality of the decision-making processes. A rational decision was defined as be-
ing consistent with the values of the decisionmaker and the information available. Neverthe-
less, there will always be a requirement for decision-making processes that occur above and
beyond a decision model or policy framework. Hence, other factors that cannot be incorpo-
rated into a neat model must be given consideration. These include political considerations,
social concerns, or a potentially limitless range of issues important to individuals in a society.

There will always be factors that cannot be properly measured or do not fit neatly within a
policy framework, and, as such, there will be no quick or simple means by which they can be
taken into account. The lengthy and complex process of learning about restoration decision
alternatives and reflecting on community values cannot and should not be sidestepped.
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Chapter 28

Overcoming Physical and Biological Obstacles to
Restoring Natural Capital 

Karen D. Holl, Liba Pejchar, and Steve G. Whisenant

Human activities over the past century have resulted in dramatic habitat transformation and
reduced species numbers, which in turn cause loss of ecosystem services that would otherwise
benefit humans (MA 2005a; chapter 5). For example, in many areas of the United States less
than 20% of the original wetland cover remains (Zedler 2004), which negatively affects flood
control, sediment uptake, water purification, recreation, habitat, and water supply services
(NRC 1992). Mitsch et al. (2005) estimate that restoring wetlands along <1% of the Missis-
sippi River would reduce nitrogen inputs into severely hypoxic parts of the Gulf of Mexico by
40%. Although this is a relatively small wetland area, it is still four times the total amount con-
served and restored under the U.S. Department of Agriculture’s Wetland Reserve Program.
Likewise, Zhao et al. (2004) estimate that the loss of 71% of tidal wetlands between 1990 and
2000 on Chongming Island, China, the largest alluvial island in the world, resulted in a con-
comitant 62% reduction of ecosystem services worth between US$855 million and $911 
million.

Restoration should never be considered a substitute for conserving the remaining natural
ecosystems (Aronson, Clewell, et al. 2006), given the many obstacles to restoration and its
variable success. Nevertheless, the extensive loss of natural ecosystems means that restoring
ecosystems is essential to replenish natural capital (see chapters 1, 3, and 26). In this chapter
we provide an overview of the physical and biological obstacles to restoring natural capital at
both local and landscape scales (table 28.1). Rather than discussing the full list of biophysical
obstacles for each ecosystem type, we classify them into four categories (figure 28.1): (1) the
inability to restore ecosystem processes due to ongoing stresses; (2) the case that an ecosystem
has crossed a threshold beyond which it cannot recover without human intervention (at least
during an acceptable human timeframe); (3) the lack of a source of propagules; and (4) a
poor understanding of ecosystem processes and/or restoration methods. We note that many
degraded ecosystems suffer from obstacles in multiple categories. For each general obstacle,
we provide specific examples from a range of terrestrial and aquatic ecosystems worldwide,
drawing on case study chapters from this book and our experience in other ecosystems. We
briefly suggest potential approaches for overcoming these obstacles, referring to strategies
outlined in other chapters (figure 28.1). 

We use the Society for Ecological Restoration (SER) definition of ecological restoration as
“the process of assisting the recovery of an ecosystem that has been degraded, damaged, or 
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destroyed” (SER 2002). We highlight the fact that the goal of restoration is to set an ecosystem
on a trajectory toward recovery. Given historical contingencies and the dynamic nature of eco-
systems, it is impossible to achieve a highly fixed endpoint (SER 2002). Therefore, restoration
efforts aim to facilitate the recovery of species and ecosystem functions, recognizing extensive
natural variability. 

Ongoing Stresses Impeding the Restoration of Natural Capital

A primary obstacle to restoring natural capital is ongoing stresses (or drivers of ecosystem
degradation) to a particular ecosystem that impede the recovery and restoration of natural
capital. These stresses often result from the small size of the project, which allows the im-
pacts of surrounding land uses to continue to influence the system. Ongoing stresses make it
impossible to restore a trajectory of recovery, so continuing inputs are required to maintain
the site in a restored state. In other words, the symptoms rather than the cause of the degra-
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table 28.1 

Examples of physical and biological obstacles to restoration at multiple spatial scales

Soil conditions
Low nutrient availability
Altered texture
Altered structure (too compacted or loose)
Low organic matter
Too wet (hypoxic) or dry
Excessive temperature extremes
Secondary salinization

Microclimatic conditions
Unsheltered soil surfaces that affect temperature and evaporation
Altered wind patterns
Low humidity

Water quality
High nutrients—eutrophication
Excessive water temperature extremes
Low dissolved oxygen
High levels of chemical contaminants
High sediment loads

Disturbance regimes—changes in frequency, intensity, and periodicity
Fire 
Flooding
River-flow regimes
Large grazers

Altered topography and geomorphology
Altered slope and runoff patterns
Increase or decrease in elevation (wetlands)
Altered channel meandering patterns (rivers)

Changes in population processes
Lack of dispersal and colonization of propagules
Low genetic diversity and connectivity with other populations

Community processes
Lack of seed dispersers
Lack of pollinators
Altered herbivory
Lack of mutualists
High levels of exotic species

Source: Authors’ analysis
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dation are being addressed. For example, altered hydrological regimes are a common stress to
rivers; in 2000, there were over 45,000 large dams worldwide (WCD 2000). Along the Sacra-
mento River, the largest river in California, much money is being spent planting trees and
shrubs to restore natural capital in the form of riparian forests (chapter 17). However, flow
regulation by Shasta Dam limits the recruitment of plant species requiring high flows for es-
tablishment and reduces the channel scouring and meandering essential for proper river
functioning. Therefore, recovery of the full complement of species and ecosystem processes
is not possible. Likewise, many lake restoration efforts, such as dredging, phosphorus inacti-
vation, and artificial circulation, are actually ongoing lake-management methods rather than
strategies that will alter ecosystem trajectory. Unless high inputs of nutrients and chemical
contaminants are reduced, such interventions will be required ad infinitum (NRC 1992). 

Certainly, the logical strategy to overcome such obstacles would be to remove the stress or
cause of the problem. Unfortunately, in many cases, this is not politically, economically, or
ecologically feasible, or not possible at the small scale of most restoration projects. One strat-
egy therefore is to move the restoration effort to a larger scale, both ecologically and jurisdic-
tionally. For example, by restoring riparian buffer strips upstream it may be possible to reduce
nutrient inputs resulting in recovery of lakes or estuaries (Schoonover et al. 2006). Along the
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Figure 28.1. Conceptual framework for general categories of biophysical obstacles to ecological res-
toration (open boxes) and strategies for overcoming those obstacles (shaded boxes). Source: own
analysis.
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Sacramento River, restorationists are buying extensive farmlands to restore riparian forests
where there is high flooding risk, and it is politically feasible (Golet et al. 2006). This will al-
low more channel meandering, thereby restoring riverine processes, rather than just invest-
ing in localized tree-planting efforts.

Another strategy for overcoming ongoing stresses is to use a proxy or surrogate for the pro-
cess that cannot be restored. This will likely require ongoing management, and often such ef-
forts result in only partial restoration. For example, along the Colorado River controlled re-
leases are being tested as a way to compensate for the lack of high flows that deposit river
sediments; to date these efforts have met with limited success (Stevens et al. 2001). In ecosys-
tems where large grazers such as elk or bison previously created patchy resource distribution,
domestic grazers, such as cows or sheep, can sometimes provide a substitute management
tool for maintaining habitat heterogeneity (Weiss et al. 1999; Hayes and Holl 2003). 

Crossing Thresholds of Natural Capital Recovery

Restoration ecologists have long recognized the existence of threshold barriers to recovery
(Bradshaw 1984; Hobbs and Norton 1996; Whisenant 1999; chapters 3 and 9). All ecosys-
tems have the capacity for natural recovery following some moderate level of disturbance, al-
though a greater level of disturbance may preclude recovery in human timeframes without
significant intervention. For example, post-mining substrates often contain significant
amounts of acid-forming materials that continue to release H+ ions, lowering the soil pH to
levels that inhibit vegetation development (Hossner et al. 1997), if there is no human inter-
vention to facilitate revegetation. Similarly, irreparable degradation has occurred in Western
Australia, where decades of conversion from native shrubs and trees to agriculture has re-
duced landscape-scale transpiration, as the annual crops cannot access the deeper water table
(Cramer and Hobbs 2002; see also chapter 9). These changes have brought saline ground-
water toward the surface, killing vegetation and creating serious damage that is unlikely to be
reversed by any practical treatment (Hobbs et al. 2003). 

To maximize the resources available for natural capital restoration, funds should be allo-
cated toward protecting and restoring systems that have yet to pass over a threshold. For ex-
ample, Moody and Mack (1988) argue that to be most effective in limiting the spread of in-
vasive alien plants, removal efforts should focus on small, nascent populations, rather than on
dense, well-established populations, a fact highlighted in chapter 22. In Hawaii, where many
birds in the lowlands have gone extinct due to avian malaria, bird conservation efforts should
prioritize habitat restoration in disease-free, high-elevation forests that could eventually serve
as a source population to recolonize disease-ridden areas, if birds evolve resistance (Scott et
al. 1986; chapter 25).

An unpopular, pragmatic approach may be to focus on those systems where one can get
the “most bang for the buck,” although this means writing off certain areas as beyond recov-
ery during the short term. This is a serious concern for restoring natural capital, particularly
when land degradation has negative impacts on human health and well-being and may raise
environmental ethic and justice issues; this is a particular concern if such areas are predomi-
nantly among lower-income communities. For example, after the Exxon-Valdez spill in
Alaska, there were immediate efforts to clean the oil off beaches. The heavy tidal scouring in
this area would have decomposed the oil within a few years, but not intervening was not an
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option, given that many beaches were important for Alaska Natives’ rituals (D. Kelso, Cali-
fornia, 2002, personal communication). Decisions to not restore certain highly degraded
lands will be controversial, but we argue that given the severe degradation of natural ecosys-
tems and the immense amount of funding needed for restoration, there will necessarily be
difficult decisions regarding resource allocation.

Another option for ecosystems past a recovery threshold is to create designer ecosystems
that restore certain functions or species (McMahon and Holl 2001). For example, in China,
deforestation has resulted in 360 million hectares of highly eroded land, comprising 38% of
the land area and resulting in a soil loss of five billion tons annually (Li 2004; see also chap-
ters 19 and 29). True restoration at this scale, and with an escalating demand for wood prod-
ucts, is impractical. As a result the government has undertaken an aggressive campaign of re-
planting, primarily with a few stress-resistant, alien tree species (afforestation), as well as
some endemic species with high value; this effort is aimed largely at slowing desertification
and providing firewood for China’s immense population (Li 2004; Ma 2004). Similarly,
Janzen (2002) suggests planting Gmelina arborea, an alien pulpwood tree, in abandoned pas-
tures in northwestern Costa Rica. This species facilitates establishment of native tree seed-
lings by enhancing seed dispersal and shading out pasture grasses, while providing an income
for landowners six to eight years later. What is not clear is whether G. arborea will have long-
term negative effects on soil conditions. Deciding to create a new ecosystem on a site may
seem like “playing God,” but all human decisions about ecosystems, including degradation,
destruction, management, or restoration, require some degree of value judgment. The deci-
sion to reintroduce certain species or to rehabilitate certain functions is often preferable to
not intervening. Nevertheless, restorationists should be clear from the outset about the goals
of any restoration effort (Clewell and Aronson 2006). 

Restoration practitioners may elect to restore natural capital that has passed a threshold.
This may be feasible with sufficient intervention, such as at mining sites, with a combination
of topsoil restoration, removing invasive alien species, and seeding and planting (Ward and
Koch 1996; chapter 22). However, practitioners must recognize that attempting to restore an
ecosystem that has crossed one or more thresholds will usually be extremely labor and capital
intensive and may require long-term maintenance.

Lack of a Source of Propagules for Recolonization 

A third major obstacle to recovery of natural capital is a lack of organisms to recolonize a dis-
turbed area once the stress is removed. In some cases, particularly with large fauna, these ani-
mals may be extinct or in extremely low numbers. For example, some large grazers were extir-
pated at the time of European colonization in South Africa (chapter 7), while elsewhere many
seed-dispersing and pollinating birds in Hawaii have gone extinct due to avian malaria (Cox
and Elmquist 2000; Sodhi et al. 2004). Often the organisms are still present, but the remaining
populations are sufficiently distant from the site being restored that natural colonization is im-
possible or extremely unlikely. Given the severe fragmentation of many ecosystems (an issue
highlighted in chapter 8), lack of plant and animal dispersal has been noted as a major factor
limiting recovery in a range of terrestrial ecosystems, such as tropical forests, grasslands, and
temperate forests (reviewed in Bakker et al. 1996; Holl 2002; Honnay et al. 2002). Simply put,
improving site conditions is irrelevant if the intended organism(s) cannot arrive at the site.
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In the case where an organism has gone extinct or is regionally extirpated, it may be nec-
essary to introduce a surrogate. For example, in California coastal grasslands, introduced cat-
tle (Hayes and Holl 2003) seem to play a role similar to native elk (Johnson and Cushman
2006) in maintaining the diversity of rare annual plants, but they may degrade riparian vege-
tation if not properly managed. Similarly, in Hawaii, many plant species have gone extinct
due to the loss of native bird pollinators, although a few plant species have persisted due to
the introduction of the Japanese white-eye (Cox 1983).

If propagule sources are present but distant, several strategies can facilitate recolonization.
Both plants and animals are often intentionally reintroduced to disturbed sites as a part of res-
toration efforts. Reintroducing species may raise complex issues about the genetics of the
source population, in particular whether it is locally adapted or sufficiently diverse to avoid
inbreeding depression (Morrison 2002; Hufford and Mazer 2003; chapter 10). If the organ-
ism is rare, it is also important to consider potential impacts of removing individuals or seeds
from the remaining populations to recolonize disturbed sites.

Restoration efforts often focus on enhancing natural recolonization by making the habitat
more attractive to fauna, particularly seed dispersers, by providing canopy architecture,
perching structures, food sources, and shade (Morrison 2002). Mills et al. (chapter 21) found
that planting shrubs increases seed dispersal into degraded South African thickets. Some res-
toration and conservation efforts also work at the landscape scale to provide corridors, step-
ping stones, or a more favorable surrounding habitat matrix to facilitate faunal movement
through the landscape (Holl et al. 2003; chapter 8). For example, birds are more likely to
move through shade coffee plantations than across more intensive agriculture land uses (Ra-
man and Mudapa 2003). 

Incomplete Knowledge of Natural Capital Function

Despite an exponential growth in our understanding of ecosystem recovery, lack of knowl-
edge of natural capital functions and of the most effective restoration methods remains a sub-
stantial barrier to restoring natural capital (see also chapter 5). In addition, often ecosystem
degradation happened so long ago that we lack clear knowledge of the predisturbance eco-
system (chapter 7). A classic example of poorly understanding the intricate connections
within ecosystems led, in part, to the failure of a restoration project to provide salt marsh
habitat for the endangered light-footed clapper rail in southern California (Boyer and Zedler
1996; Zedler and Adam 2002). Even after a number of years, the constructed marshes failed
to support a cordgrass canopy that was sufficiently tall to provide nesting habitat for the clap-
per rail. Only with ongoing monitoring and manipulative studies was it discovered that poor
cordgrass growth resulted from nitrogen limitation, and that the soils used for construction
were inappropriately sandy and did not include enough fine sediment. As a consequence, the
short cordgrass did not support a predatory beetle, which consumes scale insects that eat
cordgrass. Hence, the wrong choice of soils resulted in an outbreak of scale insects, causing
the cordgrass to senesce prematurely, or die (Boyer and Zedler 1996). While certain aspects
of this system might have been predicted (e.g., lack of fine sediments affecting nutrient cy-
cling), the complex interactions were not appreciated until after the mitigation failure. Like
Humpty Dumpty, it is a lot easier to take ecosystems apart than to put them back together
again (Bradshaw 1987; Lockwood and Pimm 1999). 
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Lack of knowledge of natural capital function and restoration is probably the easiest ob-
stacle to overcome as long as restoration ecologists document and share the results of both
successes and failures. We strongly recommend that scientists and restoration practitioners
collaborate to design, monitor, and adaptively manage projects in order to maximize the po-
tential for learning more about ecosystems and to guide future restoration efforts (Bradshaw
1987; Holl et al. 2003). Restoration efforts are some of the largest ecological experiments be-
ing undertaken, although they are underutilized as such and may require using nontradi-
tional analytical techniques (Holl et al. 2003). It is also important to recognize the substantial
amount of local (or traditional) ecological knowledge that exists among nonscientists, which
can be critical in designing successful restoration projects (chapters 15 and 16). 

Contribution

We have briefly discussed four major categories of physical and biological obstacles to restor-
ing natural capital, which include a long list of site-specific factors. Despite these, we con-
tend that the social, economic, and cultural obstacles, discussed later in this book, are more
restrictive than the biophysical ones. Most physical and biological obstacles can be overcome
with sufficient funding and/or a long-term commitment, if ongoing demands from humans
allow the possibility of working at a spatial scale sufficiently large to recreate important eco-
system processes. Examples of such success stories are cited in other chapters in this book and
elsewhere, but they are relatively small in number compared to the numerous restoration fail-
ures. To overcome physical and biological obstacles, restoration plans should be designed 
in collaboration with local human communities, if the projects are to have any chance of
 succeeding. 

Given that there will never be enough money to undertake all the needed restoration
projects, hard decisions will have to be made about which sites to restore and the extent of re-
sources to be allocated. Being clear on the physical and biological obstacles to recovery in
each case and the relative potential benefits to humans in the form of restored natural capital
will help in prioritizing these efforts.  
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Chapter 29

Overcoming Socioeconomic Obstacles to Restoring
Natural Capital

Christo Marais, Paddy Woodworth, Martin de Wit, John Craig,

Karen D. Holl, and Jennifer Gouza

The previous chapter dealt with the physical and biological obstacles to the restoration of
natural capital. This chapter focuses on overcoming the socioeconomic obstacles, grouped
into three categories: (1) economic; (2) legal, institutional, and governance; and (3) cultural,
educational, media, and marketing. In his seminal paper, The Tragedy of the Commons,
Hardin (1968) recognized all three categories. He discussed the human population and its
demand for natural resources as a result of a growth in numbers, as well as society’s demand
for privileges (economics); access to, and the competition for, resources (legal); and con-
science, guilt, and anxiety (culture and education). We discuss these three categories of ob-
stacles, followed by some recommendations for overcoming them.

Economic Factors Impeding the Restoration of Natural Capital

Historically the motivation for restoring natural capital was economic, aimed at making de-
graded areas productive. Little emphasis was placed on the long-term ecosystem benefits re-
sulting from such restoration (Mentis 1999; Milton 2001). This meant that little research was
carried out on the monetary quantification of ecosystem goods and services, the flows result-
ing from natural capital functions; although in most cases the restoration costs were known,
it was more difficult to argue the economic benefits. In fact, most species and some services
do not have clear economic values associated with them, as these are not traded in the mar-
ketplace; yet, as indicated in chapter 2, this does not imply that they have no intrinsic value.
In recent decades, environmental and ecological economists have begun to develop methods
to quantify some of the benefits that restored ecosystems supply, though this is far from being
routinely applied (see chapters 3 and 26). 

Community-based Natural Resource Management
Increasing economic functions and land scarcity often renders it impossible for natural capi-
tal to compete with short-term, commercial, land-use options. This is further complicated by
the degradation drivers often being misinterpreted, resulting in unsuccessful restoration ef-
forts. Resources are therefore misallocated with the result that management efforts and fund-
ing becomes fruitless (Homewood 2005; chapter 28). For example, the degradation drivers of

256

ch29:IP_Aronson  5/14/07  10:59 AM  Page 256



the woodlands around Lake Malawi National Park were misinterpreted during the 1970s. It
was thought that deforestation was caused by an increase in the local populations “that de-
pend on forest products for cooking and building” (Abbot 2005). However, in 1993/94, it was
discovered that it was not increased domestic fuelwood demand having a detrimental im-
pact, but commercial smoking of fish caught in Lake Malawi. Therefore, restoring the natu-
ral capital of the park would be futile if the focus was on reducing the domestic wood con-
sumption. This example indicates that community-based natural resource management
(CBNRM) projects can potentially fail if they lack shared values and understanding between
conservation bodies, aid agencies, and the rural communities involved (see also chapters 15,
16, and 27). The key to success is to ensure the buy-in and ownership of the project by com-
munities, irrespective of whether it takes place in a developed or developing country. Society
has to experience and understand the benefits tangibly, and therefore restoration projects
have to be mainstreamed into local economies. However, care should be taken to ensure that
the potential benefits of restoration projects are not overstated, and, for example, in the con-
text of CBNRM, the emphasis could be changed from community-based (local economy) to
natural resource-based community development, as was illustrated in chapter 19. 

Discount Rates
Another obstacle to the competitiveness of restoration projects is the analytical method used
to calculate their costs and benefits. Generally, restoration projects have high initial costs,
while the benefits accrue later (see, for example, chapter 25). Which discount rate to use is
therefore pertinent, because the higher the rate, the smaller the future benefits, and vice
versa. Hence, there is an argument in favor of using low, and even negative, discount rates
when future benefits are likely to be high or increasing due to resource scarcity (OECD
1994, 194–95; see also the extensive discussion in chapter 26).

Gross Domestic Product and Practical Evaluation of Ecosystem Services
In addition, the gross domestic product does not include the value of goods and services ren-
dered by natural capital (see also chapter 6). When provision is not made for changes in the
quantity and quality of natural resources and ecosystem services, it is assumed ecosystem ser-
vices do not contribute to welfare but only to costs. Consequently, it is in the short-term and
commercial interest of society to keep the value of resources as low as possible (Blignaut
2004b). This convention is changing, albeit slowly, with the introduction of natural resource
accounts, and in cases where the benefits of ecosystem goods and services have been inter-
nalized, such as the New York City–Catskill example (chapter 24). Watershed services are,
however, very localized, and benefits derived from prudent management cannot necessarily
be borne elsewhere.

In general, the practical valuation of ecosystem services has not materialized, and much
more technological intervention is needed to “unlock” the value of nature’s services (Sagoff
2002). Issues such as the tragedy of the commons (Hardin 1968; chapters 3, 26, and 31) and
property rights, or the lack thereof, complicate matters (Landell-Mills and Porras 2002). As a
result, natural resources are mostly undervalued, and once they are valued, their worth can-
not be translated into economic gains in a straightforward manner (chapters 32 and 33).

29. Overcoming Socioeconomic Obstacles to Restoring Natural Capital 257

ch29:IP_Aronson  5/14/07  10:59 AM  Page 257



Transaction Costs
The transaction cost of initiating payments for ecosystem services can also impede the im-
plementation of restoration projects. According to the Clean Development Mechanism
(CDM) under the Kyoto protocol, carbon emissions can be reduced in two ways: physically
lowering emissions, and sequestering carbon through forest restoration, while providing an
income to rural people (Landell-Mills and Porras 2002; Jenkins et al. 2004). The latter ex-
ample is, hypothetically, an ideal opportunity to restore both social and natural capital si-
multaneously. Unfortunately, these transactions are extremely costly. The CDM executive
board, for example, has two conditions for the validation and certification of projects for its
adaptation fund. The first is equal to 2% of the certified emission reductions, while the sec-
ond is determined by the size of the project. The costs vary from US$5,000 for a project of
less than 15,000 tons CO2 sequestered per crediting period ($0.33 per ton) to $30,000 for a
project of more than 200,000 tons ($0.15 per ton). (See chapters 21, 31, and 32 for further
discussions on CDM.) Smaller projects are therefore being disadvantaged, making it more
difficult for poorer communities to access the market (Knowles 2005). These costs exclude
brokerage fees, which is an additional transaction cost. Hence, the upfront costs of restora-
tion are high, and the economies of developing countries cannot afford them, often causing
dependence on international funding, with the associated increased transaction costs and
inevitable delays.

Examples of Restoring Natural Capital
In many respects Costa Rica is leading the way, especially among developing countries, in
restoration of natural capital. In 1997 the country initiated a program called Pago por Servi-
cios Ambientales (Payments for Environmental Services Program, or PSA) aimed at the pro-
tection and restoration of its natural resources, based on the services from natural ecosystems
(Nicholls 2004). The PSA is based on five types of services (table 29.1).

The PSA is very small when compared to China’s Sloping Land Conversions Program
(SLCP) (also known as the Grain for Green program). With a budget of $40 billion, aimed at
converting 14.67 million hectares to forests, SLCP has already reforested 7.2 million
hectares after four years, while benefiting 15 million farming households (Xu et al. 2005;
chapters 19 and 28). The stated goals of China’s central government are to conserve soil and
water in fragile landscapes and also to restructure the rural economy. This can allow farmers
to gradually shift into more environmentally and economically sustainable activities, such as
livestock and off-farm income opportunities (Xu et al. 2005). Even though the SLCP has
some implementation and targeting challenges, it is perceived (by the authors) as a good
strategy to overcome the economic hurdles of restoring natural capital.

Such programs indicate that a strategy to accelerate restoration improves the financial
benefits received by local landowners and/or users. This can be achieved by remunerating
land users, resource users, or poor communities with active interventions, such as helping to
propagate restoration material, establish vegetation, and erect exclusion infrastructure.

The last but not least important opportunity lies in accessing the social-responsibility
budgets of large corporations. The Rio Bravo Carbon Sequestration program in Belize, Cen-
tral America, involves twenty-seven organizations in a program that has sequestered an esti-
mated 4.4 million metric tons of carbon since 1995 (Katoomba Group 2005). In a study by
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the International Institute for Environment and Development (IIED), the biggest buyers of
biodiversity services were found to be private corporations, while the sellers group was domi-
nated by communities, public agencies, and private individuals. Indeed, the buyers tend to
focus on the most diverse habitats in terms of species richness or those under the greatest
threat of extinction, promote eco-labeling schemes for crops and timber, and seek to be per-
ceived as biodiversity-friendly. However, this runs the risk of becoming mere window dress-
ing, with only a narrow focus on popular species and habitats. Other major buyers are from
the horticulture industry, concerned with ecosystem services, as well as bioprospecting phar-
maceutical companies (Jenkins et al. 2004).

Legal, Institutional, and Governance Issues Impeding the Restoration 
of Natural Capital

Discussions of legal, institutional, and governance issues are now being focused on critical
success factors for the restoration of natural capital.

Land Tenure
The most commonly perceived legal obstacle to restoring natural capital is a lack of an inte-
grated statutory tool for natural capital management and restoration. Examples of this are 
frequently manifested because land is typically divided into communally owned, protected 
or private lands, and most natural capital processes by nature is perceived not to be in
 competition with direct benefits from the land, which is not always the case. So legislation
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table 29.1 

Market framework for ecosystem services in Costa Rica
Service Individual clients National clients International clients

Carbon National government corpo- World Bank; multinational 
rations and private com- corporations; developed 
panies (Public Private country governments
Partnerships in developed 
countries) through fuel 
taxes and energy supply 
rates.

Water Industrial, domestic, and 
agricultural water users 
and hydroelectric schemes

Sustainable, con- Timber companies—
sumptive use sustainable use 

through forest 
stewardship certi-
fication

Nonconsumptive Tourists: on-farm, National and provincial/
use through nature-based tour- regional travel agencies
tourism in natu- ism opportunities
ral landscapes

Biodiversity National corporations and World Bank; multinational 
national governments in corporations; developed 
developed countries country governments

Source: Authors’ analysis.
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generally does not allow for weighing up the benefits derived from natural capital against that
of direct use of the land. Communally owned, protected lands are often held by governments
on behalf of communities and are governed at a distance. Income is minimal, and little at-
tempt is made to maintain natural values other than through benign neglect. Where inva-
sive, alien species are present, natural values typically decline, and local communities are dis-
enfranchised because their decision-making powers are limited. In the case of private land,
landowners are sometimes encouraged to maintain past exploitative and extractive manage-
ment and discouraged to restore natural capital. 

Positive and Negative Incentives for the Restoration of Natural Capital
In New Zealand, and previously in Hawaii, for example, incentives discourage landowners
from managing for both biodiversity and production. Both island archipelagos were largely
forested, but they have been harvested to make way for “more economically productive”
landscapes based on introduced species (see also chapters 12 and 25), resulting in biodiver-
sity loss being a key environmental problem (for example, DoC/MfE 2000). To make the res-
toration of natural capital more problematic, if a landowner establishes native woodlands,
there can be difficulties obtaining harvest rights when they mature. In the worst situation,
some local government bodies require landowners to obtain consent prior to planting native
species for forestry. In addition, tax laws in New Zealand give incentives to establish alien
forests but do not recognize native forestry as a viable commercial enterprise. Because con-
servation of biodiversity, including restoration, is not seen as a business, planting forestry lots
that use native species are seen to be acts of conservation and not commercial. Unlike alien
plantation forestry, claimable expenses for native plantations are set at trivial levels and are
deemed “not in the business of forestry” (Barton et al. 2005), creating a major disincentive to
restore natural landscapes. 

Hawaii has recently changed its tax structure, giving landowners who manage indigenous
forests sustainably the same tax break as those in other forms of agriculture. This is a positive
step to overcome the historical legal challenges to restoring natural capital (Bonk 1997). For
most other countries, this is less of an issue, as plantation forestry is often based on native
species, and hence all forestry can be seen to make positive contributions to natural capital.
As discussed earlier, some countries such as Costa Rica have even advanced further by pay-
ing landowners for ecosystem services, although this methodology is still in its infancy (Daily
and Ellison 2000).

Legal Versus Ecological Timescales
The reclamation of open mines provides a good example of this conundrum. Since legal
timeframes are much shorter than ecological recovery, restoration laws can impede restora-
tion of natural capital or even block mine closures if alternatives are not found (chapter 23).
Indeed, the success of coal surface-mine reclamation efforts in the eastern United States is
usually evaluated after five years by counting the number of trees and assuring that ground-
cover is at least 90%, although natural forest recovery in this area takes a number of decades
(Holl 2002). Consequently, this legislation encourages mining companies to use aggressive,
nonnative herbaceous and tree species. As a result, these alien ecosystems may help to meet
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short-term goals of maintaining water quality and thereby satisfy legislative requirements, yet
they may inhibit the establishment of native late-successional species. One of the legal mea-
sures therefore should be to consider the timescales of restoring the original vegetation, in-
stead of seeking a “quick fix” with fast-growing exotics. 

Community Participation and Successful Restoration of Natural Capital
A small, yet practical, restoration example in Cape St. Francis (South Africa) shows the im-
portance of community participation in a project integrating clearance of dense, invasive,
alien plant stands and the establishment of thatch reeds (Thamnocortus insignes). Thatch
reeds provide valuable roofing material for poor rural and affluent urban and semiurban
communities in Africa, combining excellent insulation properties and aesthetic attractive-
ness. Indeed, beyond the immediate financial value of the reeds, the project is allowing nat-
ural processes and capital to be restored. These include normalized fire regimes, restored
groundwater resources, improved species diversity, and increased land productivity, all of
which foster livelihood opportunities for the local, disadvantaged community. Initial esti-
mates of the value of the thatch are in the order of $11,100 ha–1 (on a four- to six-year har-
vesting rotation). In this project, one of the bigger challenges was community participation as
a key factor for overall success; community representation on forums and involvement in the
project activities have been essential for the processes of coalition and strategy building at lo-
cal levels (Stewart and Collett 1998).

Encouraging project ownership through participative processes has been an effective tool,
but participation in smaller projects does not always happen easily. However, if the restora-
tion of natural capital is to succeed, the benefits and consequences must be understood and
appreciated by those involved. Hence, it is important that the restoration of natural capital is
not seen as being dominated by short-term benefits (employment and remuneration) but per-
ceived as a long-term process (Nicholls 2004). 

Mechanisms with Potential for the Restoration of Natural Capital
Legal mechanisms to facilitate the trading of conservation credits are being developed in a
number of countries. The Mexican Forestry Fund has been under design since 2002, while
the United States has had a wetlands mitigation program in place since the 1980s. Australia
is in the process of developing legislation that will transform biodiversity credits into property
rights for private landholders who set aside land with biodiversity value. They will then be
able to sell these credits into a pool where property and industrial developers can buy them.
If applied responsibly, these initial legal developments bode well for the restoration of natural
capital in Australia (Jenkins et al. 2004). 

Education, Media, and Marketing

Culture, in the broadest sense, gave humans domination over the natural environment
through religious beliefs and economic ideologies (see chapters 2 and 26). It is time to
change our culture, which in turn will change our behavior. Today, the idea that ever-
 increasing consumption and economic growth are essential to our well-being is omnipresent
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globally (see chapter 1). A strategy for restoring natural capital, which prioritizes sustainabil-
ity through fulfilled relationships rather than through consumption and growth, flies in the
face of this dominant culture. Advocates of the restoration of natural capital must therefore
overcome cultural obstacles if the message is to gain support. There is little point in achiev-
ing a scientific consensus concerning the implications of declining natural capital, if the
power elites or the general public are unaware. Hence, one of the main tasks in changing our
culture is to increase awareness about natural capital depletion and degradation and how to
rectify the situation through restoration. Changing a dominant cultural paradigm is notori-
ously difficult, but not impossible. It can be achieved through an energetic and coherent
communications strategy, with alternative positions promoted effectively through the media,
education, and marketing.

The conservation movement has had some striking, but still very limited, success in com-
municating alternatives to the dominant culture through these channels. Since restoration
and conservation are closely linked, this provides a considerable jump-start for the restoration
of natural capital. As this chapter is written, climate change is the subject of a special edition
of Time magazine (3 April 2006). Sustainable development is already part of everyday dis-
course within the context of people, space, time, and distribution. Restoration of natural cap-
ital could add significant meaning and substance to this debate, since it has the unique po-
tential to appeal to a very wide public audience, by articulating a new cultural relationship
with the environment. 

First, it draws on both economic and ecological principles, thus mainstreaming its mes-
sage in a language that the media, politicians, and the general public can easily grasp. Sec-
ond, it has the advantage of a very positive orientation: the message of restoring natural capi-
tal is not so much “stop raping the earth” as “start healing the earth’s wounds.” Third, and
crucially, as many chapters in this book reflect, restoration is rooted as much in the experi-
ence and needs of developing countries as it is in the developed world. The consultation and
consent of all stakeholders, including the poorest of the poor, is a core principle of restoring
natural capital.

The concept of sustainability, however, is rather variable. Depending on the concept one
follows (see, for example, Dobson 1998), the severity of the ecological crisis and the need for
cultural change is also variable. This means that those working in the field of restoring natu-
ral capital should communicate in a reasoned way to prevent a perception of arrogance,
which may even be counterproductive. 

A Strategy to Communicate the Need to Restore Natural Capital
The message of restoration should draw on the best practices of conservation organizations,
but it also needs to break new ground. Such a communication strategy should lead toward
the development of new economic and legal instruments and tools to foster the integration of
natural and social capital, the culture of stewardship, and the restoration and maintenance of
natural capital. Here, we make some suggestions.

Media
• Move beyond, while not neglecting, the obvious focus on environmental correspon-

dents, feature pages, and supplements. Instead, target senior journalists from business,
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economics, and opinion pages, and editors, inviting them to conferences and sym-
posia, where the arguments for restoration can be discussed in depth. In other words,
mainstream the human and natural drama of depletion and restoration narratives to
news pages and news analysis. The restoration of natural capital could be the biggest
theme of the twenty-first century.

• Stress that the restoration of natural capital is also a development strategy, which en-
compasses the needs of both people and the environment, while the well-being and
even the survival of humanity is inextricably linked to the health of the natural world. 

• Campaign for the recognition of ecosystem services as natural capital assets and for the
inclusion of all natural capital assets within economic indicators, such as the gross do-
mestic product. Thus, this will mainstream our relationship with the environment to
the heart of political debate and economic indicators.

Education (schools and colleges)
• Campaign for the inclusion of ecology within the curriculum at all levels, with links to

economics, so that students can grasp the connection between economic activity and
the environment. These courses should feature hands-on field trips to help on projects
related to the restoration of natural capital (see, for example, http://ca.audubon.org/
LSP/slews.htm).

Education (continuing education)
• The internet is a vital tool for enabling adults to relate to ecological issues. See

http://www.climatecare.org/ for a site that simultaneously educates and prompts indi-
viduals to take positive action.

• Prepare television programs on the theme of restoration. The television audience’s ap-
petite for “nature” programs is insatiable, and advertising revenues are attractive to tel-
evision companies. In 2006, Planet Action, an innovative conservation series aimed at
younger viewers, attracted advertising worth $150 million.

• Collective adult education can also occur outside any formal setting, for example,
through public works programs, where farmers are paid to restore biodiversity. The ex-
periences of the Working for Water program in South Africa, the PSA in Costa Rica,
and the SLCP in China illustrate both the great potential and some of the pitfalls of
education through public works programs (Working for Water 2003; Jenkins et al.
2004; Xu et al. 2005).

Marketing
• Develop a branding campaign, along the lines of the fair trade and organic food cam-

paigns, which clearly identifies the products of those public and private companies
that are restoring natural capital. This not only enables environmentally aware con-
sumers to send a message to the market, it also contributes to the mainstreaming of res-
toration policies among consumers.

• Likewise, with public works programs, simple tools can have broad impact. The
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 yellow-and-green t-shirt of the Working for Water program is a daily reminder for thou-
sands of South Africans of the benefits of restoring natural capital.

Restorationists have long argued that community participation in restoration is a transfor-
mative experience, achieving a shift in thinking in a way no transfer of abstract information
ever can. But a more general paradigm shift is necessary to persuade people to participate in
or just support a strategy of restoring natural capital, in the first place. An effective communi-
cations program is essential to achieving this aim and should also contribute to overcoming
the economic and legal/institutional obstacles we have outlined. 

Contribution

It is not only essential for society to have a cultural paradigm shift to engage actively in the
restoration of natural capital, it is also necessary to work actively toward such a shift through
an effective communications program. 

The task of those engaged in the restoration of natural capital in every culture is to seek
out and stress the traditions that encourage restoration to thrive. On illustrating the link be-
tween culture and the restoration of natural capital, irrespective of the local context, the key
message behind the restoration of natural capital is that such an activity is of mutual benefit
to human beings and to the biodiversity and health of the entire planet (see the definition
provided in chapter 1). The underlying determinant of democratic politics, however, is pub-
lic opinion. It is in overcoming the obstacles to restoration in the dominant culture that the
battle for sustainability will be lost or won. Society has to start accepting that the true benefits
from restoring natural capital accrue only much later. Hence, the economic opinion makers
need to integrate the long-term benefits of well-functioning ecosystems into current eco-
nomic models, using low, neutral, or negative discount rates when valuating ecosystem
 services. 

Both short- and long-term benefits lie in using restoration for poverty relief and the build-
ing of rural communities, while securing and enhancing the earth’s natural capital for the fu-
ture. In the long term, the loop should be closed between the drivers of degradation and the
rationale for the restoration of natural capital, by rethinking economic models and revising
legal instruments and institutions in order to change the culture of global society.

However, for successful restoration of natural capital, project developers are adamant that
irrespective of how good the design is, and how noble its objectives, if its implementation is
lacking skilled personnel, the program will not work. The key to all successful implementa-
tion is management, management, and management.
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Chapter 30 

Overcoming Obstacles at a Global Scale to Restore
Natural Capital

Robert J. Scholes, Reinette Biggs, Erica J. Brown Gaddis, 

and Karen D. Holl

The ambition of restoring natural capital extends far beyond patching up landscape frag-
ments degraded by human activities. It represents a desire to shift the environmentalist strat-
egy from being essentially defensive—the protection of islands of near naturalness—to ex-
pansive, by seeking to restore essential ecological functionality throughout the biosphere
(Jordan 2003; chapters 1 and 3). These goals may have seemed quixotic a decade ago, yet
now they are considered to be essential by studies such as the Millennium Ecosystem Assess-
ment (MA 2005a; chapters 5 and 6) for the persistence of humankind as a whole at a reason-
able level of well-being. 

This chapter, in contrast to the previous two that considered the restoration of natural cap-
ital at a landscape scale, explores potential trajectories of the global ecosystem and the asso-
ciated potential for long-term restoration of natural capital. The first section provides some
definitions and conceptual background. The second section takes a theoretical approach to
mapping out potential outcomes of a linked human–biosphere system. The third section
gives examples of existing global-scale efforts aimed at the restoration of natural capital.
Based on these examples, the final section suggests some preconditions for successful global-
scale restoration of natural capital.

What Do We Mean by Restoring Natural Capital at the Global Scale? 

What we do not mean is the return to some former, premodern, or prehuman state of the
globe. Return to such a condition is now impossible at the global scale, as was indicated on a
landscape scale in chapter 7, even if it was desirable. Irreversible changes, such as species ex-
tinction, have already occurred or are under way (Sala et al. 2000; Thomas et al. 2004; MA
2005b). Nor do we envisage global restoration to mean simply the global sum of local-scale res-
toration activities. What we do mean is the assisted recovery of ecological processes operating
at very large scales, that is, hundreds to tens of thousands of square kilometers that are neces-
sary for the sustainable delivery of ecosystem services. In some cases, global restoration may be
achieved through the aggregated effect of uncoordinated local actions. In other instances,
which we focus on, it will require coordinated action aimed directly at large-scale processes.

The restoration of natural capital is possible only if we have not crossed a threshold in the
coupled biosphere–human system beyond which the supply of essential ecosystem services is
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irreversibly reduced. By irreversible we mean that restoration is not possible within several
generations with a realistic expenditure of effort. 

A more ambitious target for global restoration would be to aim for global optimization of
ecosystem services. Optimization includes considering sufficient margins for risks and un-
certainties (due to ignorance and inherent system unpredictability) and for the maintenance
of resilience, that is, a reasonable probability of assured continuation of service supply, when
facing variations due to internal or external dynamics. However, ecosystem services cannot
all be maximized simultaneously, given that the tradeoffs and human preferences for services
change over time. Complexity is introduced when local and global benefits need to be
traded, and efficient mechanisms for this seldom exist (chapters 32 and 33). 

The Uniqueness of Now 

There are certain attributes of the current era, the “Anthropocene” (Crutzen 2002), that
make it qualitatively different from any previous time. The human footprint is for the first
time globally pervasive and plausibly larger than the sustainable limit (Living Planet Report
2005). To date, “restoration” of local ecosystems has frequently been achieved by displace-
ment of impacts to less-regulated locations or less-exploited resources. For instance, much of
the forest regrowth in Europe has been made possible by importing agricultural products
from elsewhere. This is not an option at the global scale because few underexploited systems
remain from which we can subsidize our local overconsumption of services. The oft-mooted
idea of moving to another planet is infinitely less probable than achieving a transition to a
sustainable future on the single planet known to support life (Horneck and Schellnhuber
2004). 

Previous warnings of the earth’s finiteness have been based largely on material limitations
(Meadows et al. 1972). Thus far, these predictions have proved unfounded, mostly because
human inventiveness has found substitutes for diminishing resources. A key strategy to date
has been the increasing use of energy, especially for transport, to alleviate primary constraints
such as the local availability of soil nutrients or water. The limitations to development are in-
creasingly linked with the side effects of human activities, rather than an insufficient re-
source supply. The buildup of greenhouse gases, excessive aquatic nutrients, and global bio-
diversity declines provide examples. Substitution of these sink and regulating functions may
prove more difficult than input substitution. 

The human population is projected to peak at nine to twelve billion before the end of the
twenty-first century (Nelson et al. 2005) and then stabilize or decline slowly. Importantly, the
reduced population growth rate is not predicted primarily for “Malthusian” reasons, such as
starvation and other forms of density-dependent and scarcity-induced mortality. It is rather
because the birth rate in most places is declining to match (or in some cases, falling below)
the mortality rate, which began a steep decline about two centuries ago. The best available
hypothesis for the declining birth rate is that it is enabled by rising human well-being, pro-
moting increased parental investment in fewer offspring. Lower child mortality allows fami-
lies to risk smaller recruitment, while contraceptive technologies and the education and em-
powerment of women have made this achievable.

The implications for restoration at a global scale, within the context of a human popula-
tion no longer increasing exponentially, are profound. Will the pressure on global ecosystems
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ease as a result? Consumption per capita continues to rise even when populations stabilize,
and it has a long way to go in most parts of the developing world before reaching developed-
world levels. Is the paradigm of ever-expanding consumption, central to most economic the-
ories (chapter 2), valid in the presence of a globally stable or declining population? Many
economists argue that economic and population growths are disconnected because the econ-
omy is increasingly dematerialized and thus decoupled from the limitations of individual
consumption (chapter 3). A consequence of this argument (if valid) would be ultimately a
decreasing need to harvest resources and transform ecosystems, opening up the possibility for
the extensive restoration of natural capital. In reality, however, there are very few cases of a
decline in per capita resource use or waste generation with an increasing gross domestic
product.

Life at K

Ecologists use the symbol K to denote the maximum size that a population reaches if left to
its own devices in a given environment. It is often referred to as carrying capacity. Given a sta-
bilization of world population, we need to adapt to life around the level of Khumans (it is possi-
ble for Khumans to change over time). This requires a different set of strategies from those de-
ployed by a rapidly growing population far below K: an enhanced emphasis on efficiency and
risk avoidance, rather than maximum resource capture. There are important unresolved is-
sues regarding the tradeoffs between efficiency (i.e., maximum, short-term productivity) and
resilience, which involve the maintenance of a secure supply in the long term. Increasing ef-
ficiency usually leads to reduced resilience (Scheffer et al. 2000).

A near-stable human population will require the restoration of natural capital at a global
scale for two reasons. First, some (perhaps many) ecosystem services are already significantly
degraded, but not yet irreversibly, it is hoped. Second, the quest for optimality is likely to lead
to a reallocation of ecosystem uses around the globe. This will mean intensification in some
places (for instance, crop agriculture has a comparative advantage in warm, moist, fertile
areas) and a deintensification elsewhere, creating restoration opportunities. While speculat-
ing on these issues, it is not a foregone conclusion that maintaining the population at nine to
twelve billion is possible in the long term. Many of the required technologies have yet to be
developed or have been deployed for only a few decades. Their long-term consequences and
sustainability are untested. 

Which Values Win?

The people–environment relationship is ultimately based on values (Jordan 2003; chapters 2
and 26). Here we focus on three values that are self-evident. 

• Comfort: that we strive for this as individuals, families, and communities results in 
consumption at a level above minimal subsistence. This can be considered a duty to
ourselves.

• Equity: that all people should have a fair chance of a good life. This is a duty to others.
• Sustainability: that the rights of comfort and equity extend to future generations. This

is a duty to the future.
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These three values constitute an approximately finite-sum game, if the population is close
to or above Khumans, since all interactions between them are neutral or negative. There re-
mains some scope for “efficiency” improvements (many to date are simply displacements 
of the problem). We can probably achieve equity and sustainability, but this will require 
substantial compromises on comfort by the more affluent. Currently, our political and eco-
nomic systems maximize the comfort of privileged groups with lip service to equity and
 sustainability. 

Possible Evolution of a Future Human-Dominated Biosphere

Most recent century-term environmental forecasts, such as by the Intergovernmental Panel on
Climate Change (IPCC) (Nakicenovic and Swart 2001), the MA (2005c), and the Global
Environmental Outlook (UNEP 2002), have concluded that the uncertainties are so great
that all scenarios must be considered equally probable. Yet when future scenarios are built (as
these were) by plausible projections from current states and trends, they tend to eliminate the
unthinkable. In this chapter, trying a different approach, we consider the theoretical dynam-
ical modes that a coupled biosphere–human system could exhibit as it approaches Khuman,
without a priori asking if they are plausible. We then explore the necessary circumstances for
those outcomes to occur, or not.

The coupled human–biosphere system can be thought of as a predator–prey system (fig-
ure 30.1), with humans and the biosphere as the predators and prey, respectively (Brown and
Roughgarden 1995). The dynamics of predator–prey systems are well understood and can
provide a metaphor while allowing for particular features of human–biosphere interaction,
such as the biosphere supplying many resources to humans, not all of which change in uni-
son. The simple system depicted in figure 30.1 has four possible outcomes, which depend on
the particular values chosen: (1) the replenishment rate of the biosphere; (2) the extraction
rate; (3) the conversion efficiency factor; and (4) the decline rate of humans, if resources are
restricted.
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Terminal Overshoot 
This is predicted when the consumption rate of natural capital and its conversion into further
demand are high. However, the feedback mechanisms from the state of the biosphere to the
rate of human consumption of natural capital are insufficiently strong to avoid the irre-
versible loss of one or more nonsubstitutable and essential ecosystem services. Consumption
of ecosystem services (bBH) peaks at a level substantially higher than their replenishment
rate (aB), allowing the human population to temporarily exceed Khuman. Subsequently, the
human population declines to zero, taking many other species with it (Lenton et al. 2004). 

Extinctions are an example of an element of the biosphere being driven irreversibly to
zero. While some commercial fish species may not be extinct, they persist at low stock levels,
perhaps irreversibly (Hutchings 2000). As yet these crashes have not caused corresponding
human population declines because other food sources remain exploitable.

An example of a terminal overshoot at a global scale would be runaway, human-induced
warming. There are many demonstrated positive feedback loops between the biosphere and
global warming, but for out-of-control warming to occur they have to be strongly positive.
Fortunately, as yet, none of these positive feedback loops have been shown to be strong
enough. 

It is tempting to perceive the apparent rise and fall of empires in terms of a “boom-and-
bust” cycle, where societies grow until they overreach their resource base. This may be the
mechanism in some cases, but it is clear that in most civilization collapses, many processes
are at work simultaneously (Tainter 1990; Diamond 2005). It is undeniable that some civi-
lizations grew spectacularly and then appear to have failed rather suddenly—usually not to a
zero base, but to a substantially reduced form. In the past such collapses had local to regional
consequences. Is it inconceivable that an effectively global society could fail globally? 

Human societies are currently on the path to overshoot but have a unique capacity to learn
and react, and presumably we would not knowingly succumb to this outcome. However, in
the presence of a strong positive feedback, the human response would have to be swift and ef-
fective. The restoration of natural capital is implicitly based on the assumption that overshoot
is the current trajectory of many (perhaps most) human–ecosystem interactions. It suggests
that we have exceeded the supply of ecosystem services in many instances and have caused suf-
ficient damage to prevent system recovery without some form of active human intervention. If
we wish to avoid terminal decline, and to meet human well-being objectives in terms of com-
fort, equity, and sustainability, the restoration of natural capital is required.

Oscillation: Convergent, Divergent, or Constrained
If consumption overshoots ecosystem service supply but then declines fast enough to allow
the sufficient recovery of natural capital for renewed extraction, the system itself will oscil-
late. The oscillations result from a harmonic interplay between the strength of the feedback
loops and time delays. The overshoots can become progressively smaller (convergence) or
larger (divergence), depending on the parameter values, with the former likely if societies
learn from their mistakes. Learning is hard when large amounts of social capital are lost in
the process. Diverging oscillations are likely if the fundamental basis of ecosystem service
production is progressively eroded by each overshoot. In the worst case, the ultimate out-
come is the same as terminal overshoot, simply delayed by several boom-and-bust cycles. 
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An intermediate situation exists, called a stable limit cycle, where oscillations remain in-
definitely within nonzero bounds. Stable limit cycles are often portrayed as the archetypal
behavior of theoretical predator–prey systems, but they may not be common in the real world
(Berryman and Millstein 1989; Turchin and Taylor 1992), and especially not in self-adaptive
(learning) systems. At the global scale there are many simultaneous out-of-phase oscilla-
tions occurring, which combine to have a much steadier effect on the human–biosphere
 interaction. 

If the human–biosphere system is indeed cyclic, it would be useful to understand its peri-
odicity. For the simple model described (figure 30.1), this could be easily determined if the
values of a, b, c, and d were known; but reality is significantly more complex. Time lags and
inertias can create or destroy harmonic behavior, while technology and learning characteris-
tic of the human–biosphere system may induce changes in the periodicity. In fact, the typical
time-constants of human demography, economic and political systems, and ecosystem ser-
vice recovery suggest that if cycles do exist, they would last centuries to millennia.

Cyclic systems imply restoration, be it either deliberate or autonomous. Preemptive resto-
ration of global ecosystem services may also conceivably turn an incipiently oscillating system
into a stable state, by cushioning the decline rate after an overshoot. 

Suboptimal Stabilization 
This outcome is quite widely observed in the real world where inertia in the human response
system means that consumption of ecosystem services sufficiently overshoots their regenera-
tion capacity. The consequence is that irreversible damage is done to the productive capacity
of the biosphere before the human population begins to decline. If no essential, nonsub-
stitutable ecosystem service declines to zero, human populations and ecosystem service-
 consumption levels stabilize at a new, lower level where human well-being is significantly
impaired. Other species would also be negatively affected. These patterns are clearly shown
during the nineteenth century by the inappropriate European livestock and grazing practices
introduced into large areas of North and South America, southern Africa, and Australia (for
example, see Dean and McDonald 1994; chapters 7, 9, 13, 15, 21, 22, and 29).

Monotonic Stabilization
This is the most desired outcome, when human consumption of ecosystem services stabilizes
at a level where the generation of those services is reasonably unimpaired. This does not nec-
essarily have to be at the maximum theoretical Khuman. As a result, many other species can
persist in viable populations, albeit at lower than prehuman abundances, while some would
also be driven to extinction. The necessary conditions to reach this outcome are strong and
prompt feedback from the biosphere to humans, causing timely reduction in human impact.
The latter condition necessitates restoration of some aspects of natural capital at a global
scale, since two-thirds of the world’s ecosystem services are assessed as being consumed at lev-
els at or above their capacity (MA 2005a). 

The observation that human population stabilization seems not to be directly driven by
biophysical resources, but by social feedback mechanisms, provides hopeful opportunities.
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However, ecosystem service consumption continues to rise (both on an absolute and per
capita basis), so it may already be too late to avoid some degree of overshoot. 

Servicing the needs of the anticipated nine to twelve billion people at peak global popu-
lation remains a great challenge and will inevitably cause further natural capital loss. The
natural capital used could be minimized by striking an appropriate balance between intensi-
fication of service production (i.e., increasing yields per unit area) and agricultural extensifi-
cation (increasing the area cropped). In current locations so intensively used that off-site,
ecosystem-service impacts are greater than on-site impacts, deintensification (i.e., restora-
tion) is required. In much of the developing world, careful intensification will arguably be
less damaging to natural capital than rampant extensification.

It is unlikely that the rate of future intensification can keep up with the simultaneous
growth of the human population and per capita consumption. Most of the increase in per
capita food supply between 1960 and 2000 came from intensification rather than extensifica-
tion, though there was nevertheless a substantial increase in the area under cultivation. Fur-
ther expansion will generally be into areas of increasingly marginal agricultural potential.
Thus, whereas this scenario may provide opportunities for restoration of natural capital in re-
gions such as Europe and North America, the prospects in the rest of the world seem slim
over the next century. 

Examples of the Restoration of Natural Capital at the Global Scale

Several examples exist of global-scale restoration attempts, which have had mixed success. 

Fixing the Ozone Hole
The depletion of stratospheric ozone, particularly over the South Pole, was detected some-
what by chance in the 1970s. Advances in the understanding of global atmospheric circula-
tion and halocarbon photochemistry (WMO 1985) allowed sufficient confidence in the
causes and consequences of stratospheric ozone depletion to permit the signing of the Mon-
treal Protocol in 1987, limiting the emission of ozone-depleting substances. Several factors
contributed to its successful implementation, which is credited with an observed reduction
in the rate of loss of stratospheric ozone. First, substitutes for the ozone-depleting chemicals
were already available and comparable in cost-effectiveness. Second, a very small number of
producers were involved, and the cause of the problem was relatively uncontested (Parson
2003). Third, there was a clear economic benefit to all parties for maintaining the ozone
layer. 

Mitigation of Climate Change
The threshold capacity of biospheric absorption of greenhouse gases (GHG) has clearly been
crossed, as evidenced by their continual increase in atmospheric concentrations (IPCC
2001). Stabilization of radiant forcing, that is, a decline in GHG emissions to below the level
of long-term sustainable biospheric sinks (about 5% of current emission levels) requires res-
toration at a global scale. Hence, the United Nations Framework Convention of Climate
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Change has the objective of “avoiding dangerous climate change,” with its Kyoto Protocol as
the first step to achieve this. However, these treaties are struggling to meet their objectives,
due to (1) the complexity of climate science, allowing disputation of the causes and conse-
quences; and (2) global warming being a “commons” problem with potential for “free-riders”
and no obvious enforcement capacity.

Marine Fisheries
Over three-quarters of marine fisheries are exploited at or beyond their limit (Pauly et al.
2006). No significant fishery-resource species are known to be biologically extinct, but many
are economically extinct. There are examples of regional-scale recoveries of marine fish
stocks when restorative actions have been taken. The complete protection of up to 30% of the
species habitat appears to be an effective mechanism (e.g., NRC 2001). This has been
achieved where the fishery falls within the Economic Exclusion Zone of one or a few nations
with an enforcement capability. However, some regional stocks such as the Atlantic cod
(Hutchings 2000) show no signs of recovery even after the cessation of fishing. 

Reversing Desertification
Desertification can be defined as the persistent reduction in the supply of ecosystem services
in dry lands (MA 2005d). It is the environmental problem that materially affects the most
people globally, that is, nearly one in five. The United Nations Convention on Combating
Desertification is the formal institutional response to this problem, but it is almost universally
regarded as a failure. Why? Desertification is widely perceived among the economically pow-
erful nations as a developing world problem with local causes and local solutions. As a result,
it has attracted much less scientific attention and restorative resources than issues that cur-
rently affect far fewer people. The reality is that desertification has both local and global
causes and consequences. However, complete restoration of degraded drylands is an ex-
tremely slow and expensive process that occurs over several decades once the causes of degra-
dation have been alleviated. Hence, the avoidance of further degradation is often a better
economic option than restoration, yet for people with no alternative livelihoods, there is no
choice: restoration is an imperative. 

Multinational River Systems
Most of the world’s large rivers flow through several countries. In general, the nations in-
volved have been able to work out collaborative management schemes. In several cases, such
as the Rhine and Danube in Europe, nations have cooperated to achieve improved water
quality (Wieriks and Schulte-Wülwer-Leidi 1997; Schmidt 2001). However, examples where
restoration of multinational basins has not been achieved include the Aral Sea between Rus-
sia and Kazakstan, the Colorado River between the United States and Mexico, and the
Olifants River between South Africa and Mozambique. All these cases show a strong asym-
metry between the relative power of the upstream and downstream countries, with the more
powerful getting first use. 
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Eutrophication
Many aquatic habitats adjacent to population centers and agriculture have experienced in-
creased nutrient loading, ecosystem changes, and even the development of anoxic “dead
zones” (Turner and Rabalais 1994). Restoration is possible but will be slow. Nevertheless,
catchment-scale interventions, such as riparian buffer strips, can slow down the leaching of
nutrients into the aquatic environment, while wetland restoration helps to remove them. 

Necessary Conditions for Global Restoration

Consideration of these cases suggests the following minimum conditions are required:

1. Effective and responsive mechanisms for decision making and enforcement need to
exist at a scale that matches the degradation and restoration processes. For regional-
and global-scale processes, this requires supranational governance institutions, which
link to institutions at smaller scales. The Montreal Protocol is an example. 

2. Effective control of common resources that allows them to function as regulated-ac-
cess rather than open-access systems. The current precarious state of marine fisheries
is largely attributable to a failure in establishing an effective regulation regime in the
oceans. Privatization or nationalization of resources is not the only possible solution.
Many examples of communal resources that are well managed exist, provided that the
user group is well defined, the rules are clear and accepted, information is reliable,
and a mechanism operates for enforcing sanctions.

3. Shared and accepted knowledge with respect to ecosystem service issues. This in turn
requires international, free- and open-access monitoring, assessment, and research sys-
tems. The combination of the major earth-system research programs and the Inter-
governmental Panel on Climate Change appear to provide a major impetus for mak-
ing climate change a tangible issue. In contrast, the prevention of biodiversity loss and
combating desertification languish. 

Contribution

Restoration of key aspects of natural capital at a global scale is a prerequisite if humans are to
avoid some potentially unpleasant future dynamics. There is a body of economic theory, the
inverse Kunznets curve (Panayatou 1995), that suggests that natural capital is initially depleted
while human-made capital accumulates. At some point, the well-being of society is sufficient
that its focus shifts from satisfying basic needs to improving its quality of life, and the society
begins to invest in the restoration of natural capital. The examples given relate to local- or re-
gional-scale phenomena, such as urban water and air quality. Is this theory applicable to
global-scale phenomena? If regional restoration is fundamentally achieved by shifting pollu-
tion and resource consumption to poorer communities elsewhere, it probably does not apply
at the global scale. This is because those communities have nowhere left to unburden them-
selves, and as the ultimate recipients, they cannot raise their own well-being sufficiently to al-
low reinvesting in nature. 

If this is the case, global-scale, cost-redistributive mechanisms are needed to maximize
global welfare. There are many nascent examples of such transfer-payment schemes for eco-
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system services, such as debt-for-nature swaps, carbon trading, and catchment-protection pay-
ments (see chapter 31). These are probably inadequate if they continue to be considered a va-
riety of philanthropy rather than a necessary condition for restoration and collective welfare.
A global mechanism may be needed to stabilize the global human–biosphere system, for ex-
ample, one that funds restoration and welfare gains in poorer communities out of progressive
taxation on excess consumption.

True cost accounting of human activities would assist in making rational development
choices at all scales, including the global. The declines in natural capital must at least be bal-
anced by increases in manufactured capital (Arrow et al. 2003), minimum stocks of natural
capital need to be respected, external costs need to be internalized, and perverse subsidies
and incentives that lead to overconsumption of ecosystem services need to be eliminated. 
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Chapter 31

Managing Our Global Footprint Through
Restoration of Natural Capital at a Global Scale

Joshua Farley, Erica J. Brown Gaddis, William E. Rees, 

and Katrina Van Dis

Human activities have come to rival geological forces in their impacts on natural capital at
a global scale (Vernadsky 1998) but are generally guided by decisions that consider only
short-term, local outcomes. We fail to account for the impacts our activities have on global
ecosystems and fail to understand the role of ecosystems in maintaining the life-support
functions essential for our well-being and survival. We also fail to distinguish between the
interest on natural capital, that is, the renewable flow of raw materials and essential services
provided by healthy ecosystems, and the capital stock itself. Important long-term changes in
global ecosystems may pass unnoticed (Ehrlich 2000). As a result, our sustaining ecosystems
are being destroyed and degraded at a rate unprecedented in human history, and our eco-
logical footprint has exceeded the productive area of global ecosystems (Wackernagel and
Rees 1996).

Addressing this mismanagement requires not only a reduction in our global footprint but
also active investments in restoring natural capital on a global scale. Indeed, with human
population growing at the rate of eighty million per year, we must increase the total physical
stock of productive natural capital just to maintain per capita natural capital and income at a
constant level. 

However, adequate restoration of natural capital on a global level presents unique chal-
lenges (see chapter 30). System uncertainty increases along with system boundaries, making
it more difficult to decide what to restore. At the same time, institutional capacity for imple-
menting policies to promote restoration diminishes once we move beyond the scale of sover-
eign nations. Success will require an economically efficient and socially just mechanism that
creates incentives for restoring adequate amounts of globally valuable natural capital and
ecosystem services without threatening national sovereignty. Whereas the previous chapter
considered various high-level scenarios and plausible outcomes related to the restoration of
natural capital at a global scale, this chapter considers the challenges of the restoration of nat-
ural capital at such a large scale. This chapter also outlines some policy principles with
which effective institutions and financing mechanisms should comply and assesses existing
institutions and restoration strategies in the light of these principles. We then sketch out a po-
tentially suitable instrument for implementing global natural capital restoration and present
our conclusions. 
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The Unique Challenges of Restoring Natural Capital at the Global Scale

While restoring natural capital is challenging at any scale, these challenges are compounded
at the global level. Global restoration should be focused on sustaining global ecosystem ser-
vices, but we are highly uncertain how these services are provided, and how much restoration
will be required to sustain them. As an investment in nonmarketed public goods, restoring
natural capital requires nonmarket institutions, but we lack global institutions capable of pro-
viding global public goods, and sovereignty constrains our policy options. These points de-
serve elaboration.

Issues of Uncertainty at the Global Scale
Perhaps the greatest challenge to determining the optimal amount of conservation and resto-
ration of natural capital is the uncertainty that surrounds global ecosystem functions. Some
uncertainty results from a lack of adequate data, while other uncertainty is the result of natu-
ral processes and is therefore irreducible. In either case, it is very difficult to determine when
human activities will lead us to cross irreversible and catastrophic thresholds beyond which
these systems can no longer sustain us, and the presence of time lags and positive feedback
loops in complex systems means that we might be slow to realize it when we do cross them.
Growing evidence suggests that we are dangerously near irreversible thresholds for atmo-
spheric gases such as carbon dioxide and ozone, oceanic fisheries (Kura et al. 2004), and
even oceanic pH (Royal Society 2005). In addition, the loss of seemingly unimportant species
or “local” ecosystems could cause chain reactions with tragic and unpredictable global con-
sequences (Holling 1986). We are still learning how to restore critical natural capital, and
what little we do know may change as we cross unknown ecological thresholds.

Economic Globalization and the Global Ecosystem
Economic globalization can be described as the increasing irrelevance of political bound-
aries to market commerce, in which financial capital and raw materials move to wherever
private production costs are cheapest, and commodities to where prices are highest. Conven-
tional wisdom praises globalization as the new driver of economic growth and argues that
only more growth will provide us with the resources necessary to restore our degraded natu-
ral capital to health (Beckerman 1992; IBRD 1992; for an alternative view, see Stern et al.
1996).

The truth is, however, that during the last century real physical output of the global econ-
omy has increased ninefold per capita. The law of diminishing marginal utility suggests that
each incremental increase provides less benefit than the one before, and empirical evidence
shows that in the wealthier countries the benefits of continued increases in consumption are
negligible (Lane 2000; Max-Neef 1995). However small its marginal benefits, consumption
comes at a real cost. A ninefold increase in consumption accompanied by a quadrupling of
the global population translates into a thirty-six-fold increase in throughput, that is, the rate at
which raw materials are extracted from global ecosystems, transformed into commodities,
and ultimately returned to the ecosystem as waste (Daly and Farley 2004). Both extraction
and waste production increase our ecological footprint (Wackernagel and Rees 1996) and
threaten the integrity of the global ecosystems that sustain us (Georgescu-Roegen 1971).
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Since these ecosystems and functions have grown scarcer per capita, their marginal value has
increased, as has the marginal value of restoring them. As ecosystems reach critical ecologi-
cal thresholds beyond which they can no longer sustain themselves, the marginal benefits of
restoring natural capital will become incalculably high (chapter 3). Far from providing re-
sources to solve this problem, economic globalization is providing increasingly unimportant
market goods at the expense of increasingly important ecosystem goods and services. 

Political boundaries have always been irrelevant to the flux of ecosystem services, many of
which are inherently global and demand global institutions to protect and restore them (Kaul
et al. 1999; Sandler 2004). Though the creation of institutions necessary to manage a global
economic system receives far more attention, the need for institutions and mechanisms to
manage an inherently global ecosystem, to protect and restore global natural capital, is far
more critical, with greater consequences if ignored.

Nonexcludability of Public Goods: The Free-Rider Problem
One of the most serious challenges to the restoration of natural capital at the global scale is
that most decisions regarding global natural capital are based on market economics. In the-
ory, free and competitive markets put resources to their highest and best use. However, in re-
ality, markets function only when resources are excludable. Excludability is a legal construct
that allows the owner of a resource to prevent others from using that resource. If one cannot
prevent others from using a resource whether or not they pay for it, they (the free riders) are
unlikely to pay, and market forces are unlikely to provide or protect the resource. As a result,
nonexcludable resources are generally underprovided or overexploited in a market economy
(Samuelson 1954; Randall 1993). 

Clearly, many functions that natural capital delivers are nonexcludable. For example, a
coastal mangrove ecosystem can protect against coastal erosion and flooding, while also pro-
viding important fish nurseries. Those who benefit from these services do so whether or not
they contribute to the preservation and restoration of the wetland, leading to the problem of
free riding on the willingness of the property owner to provide the service for free, or on the
willingness of others to pay for its provision (Olson 1965). Although the services provided by
ecosystems are nonexcludable, ecosystem structure and site are often treated as market goods
(Daly and Farley 2004). Because so many ecosystem services are nonmarket goods and often
“the precise contribution of a functional element in the ecosystem is not known—indeed is
probably unknowable—until it ceases to function” (Vatn and Bromley 1994, 133), market
forces favor conversion over restoration, regardless of their relative contributions to social
welfare. As a result, many mangrove ecosystems are converted to provide a higher, short-term
profit to the owner (i.e., shrimp aquaculture), even if the long-term global value of coastal
protection, biodiversity, and seafood production linked to providing fish nurseries is much
higher.

Under these circumstances, conventional economists generally consider the loss of eco-
system services as a negative externality of shrimp aquaculture. Demsetz (1967, 350) argues
that “property rights develop to internalize externalities when the gains of internalization 
become larger than the cost of internalization,” suggesting that markets can expand to 
cover such problems. Thus in recent decades we have seen the creation of markets in 
sinks (e.g., waste absorption capacity for SO2) and sources (e.g., some fisheries) (Colby 2000).
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Ecological economists, however, point out that virtually all economic production has some
negative impacts on natural capital (Georgescu-Roegen 1979), and internalizing all of these
externalities would require a centralized economic system that is the antithesis of free mar-
kets (Daly and Farley 2004). Finally, adequate institutions do not exist for assigning property
rights to the global commons, and since the restoration of natural capital generates nonex-
cludable benefits directly, not as an externality, the free-rider problem arises at the global
level. 

Additional Problems with the Property Rights Solution: Nonrival Resources
Even if it were possible to develop property rights to all the services natural capital renders,
exclusive property rights can actually generate serious inefficiencies. This happens when we
use the price mechanism to ration use of nonrival resources, defined as resources for which
consumption by one person does not prevent simultaneous consumption by another. Take
the example of a watershed restoration project that reduces the likelihood and severity of
flooding in a town downstream, beautifies previously degraded hillsides, and provides great
hiking opportunities. One household “consuming” flood protection and beautiful views will
not reduce the amount of those benefits other households can consume. Except in the case
of very heavy use leading to congestion, the same is true for hiking. Since it would be virtu-
ally impossible to prevent individuals from enjoying the flood protection or views, it would
not be possible to charge for them, but this is not true for hiking. However, if people were
charged each time they went hiking, they would presumably hike less than if it were free—
prices would ration use to those who valued the hike as much or more than the cost. This
would actually reduce the total benefits provided by the forest, without in any way reducing
restoration costs, clearly an inefficient outcome for society. In other words, markets in non -
rival goods lead to nonoptimal levels of consumption (Daly and Farley 2004). Rivalry is a
physical characteristic of resources that cannot be affected by policy (though the Bible 
tells the parable in which Jesus made a rival good nonrival, feeding the multitudes from 
a single loaf of bread and a single fish, mere mortals cannot do this!). Other examples of 
nonrival resources include climate stability, the ozone layer’s protective function, and
 information. 

While most nonrival ecosystem services are inherently nonexcludable as well, this is not
true for information, which can be made excludable through patents. The restoration of nat-
ural capital is in its infancy, and we still have much to learn. Information improves through
use, but patents limit use to those who pay royalties. Patents on the restoration of natural cap-
ital techniques are therefore likely not only to reduce the use of those techniques, resulting in
less restoration, but also to slow the growth rate of knowledge (Heller and Eisenberg 1998;
Jaffe and Lerner 2004).

When a resource is both nonexcludable and nonrival, it is a public good. Economists
have long recognized that markets lead to the inefficient provision and consumption of pub-
lic goods, and nonmarket institutions such as governments are required to provide them.
Many functions that natural capital provides, however, are global public goods and ab-
solutely essential to our well-being, yet adequate global institutions for providing them do not
exist (Kaul et al. 1999; Sandler 2004). We see this as the primary challenge to achieving the
restoration of natural capital at a global scale. 
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Provision of Global Public Goods by Sovereign Nations
While economists generally recognize that governments must provide or protect public
goods, virtually all terrestrially based natural capital falls under the control of sovereign na-
tions or corporate owners. These in turn generate a variety of ecosystem services with differ-
ent spatial distributions that do not respect political boundaries or property regimes. In econ-
omists’ jargon, ecosystems provide joint products. Thus, an ecosystem may produce services
that are “consumed” at the local, national, and global scales simultaneously (Farnsworth et
al. 1983; Sandler 1993). For example, mangrove ecosystems can buffer local communities
from storm surges and protect offshore habitats and the fisheries they sustain by absorbing
wastes flowing from the land. Storm protection is a local service, but coastal wetlands serve as
a nursery for up to 80% of commercial seafood species in some regions (Hamilton and
Snedacker 1984), benefiting fishing communities beyond the local political jurisdiction. Lo-
cal and national authorities may be capable of creating property rights that internalize local
externalities but are likely to ignore regional, global, and intergenerational externalities. Fur-
thermore, no global government or institutions exist to ensure the adequate restoration of
natural capital to support global-level processes. Clearly, balancing the cost of restoring natu-
ral capital against only local and national benefits will lead to inadequate levels of restoration
from the global perspective (Daly and Farley 2004). 

Design Principles for Restoring Natural Capital at a Global Scale: 
Institutions and Policies

Prior to assessing existing institutions, mechanisms, and financing schemes, and suggesting
new ones, it is useful to sketch a few basic design principles for managing the collective pro-
vision of natural capital restoration at a global scale. 

Principle of Subsidiarity: Institutions Are Required at the Scale 
of the Problem
Because natural capital provides benefits at local, regional, national, and global levels, insti-
tutions and financial commitments are required at each of these levels. Collective global ef-
forts to restore natural capital should not replace or distort local and national efforts, but
rather complement them (Cornes and Sandler 1996).

Start from Historical Conditions
Institutions and policies need to respect national sovereignty as well as existing political and
economic systems in different countries. Appropriate mechanisms should rely on incentives
for the restoration of natural capital rather than penalties, such as fines or taxes, as these can-
not be imposed on sovereign countries. In fact, many developing nations view international
efforts to slow and reverse ecological degradation as an example of eco-imperialism. That is,
wealthy nations grew wealthy by exploiting their own natural resources and now want to pre-
vent other countries from doing the same (Bin Mohamed and Lutzenberger 1992; Driessen
2003). Any mechanisms that fail to respect this fact are bound to fail.
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Achieve Macrolevel Goals While Allowing a Maximum of Microlevel Flexibility
To a limited extent, central institutions can gather most available knowledge and make the
best educated guesses concerning global benefits of the restoration of natural capital, as has
been attempted with the International Protocol on Climate Change and the Millennium
Ecosystem Assessment. However, it is considerably more difficult for any global institution to
centralize knowledge about the local costs and benefits of the restoration of natural capital,
which can vary dramatically across short distances within the same ecosystem. An appropri-
ate mechanism should, like markets, be able to use “knowledge which is not given to anyone
in its totality” (Hayek 1945). Local knowledge is best qualified to determine the local costs
and benefits of restoration (see chapters 15, 16, and 29). In other words, a mechanism should
strive for macrolevel goals of adequate restoration, while allowing a maximum of microlevel
freedom and variability (Daly and Farley 2004). This requires investment in local capacity
building, which can be difficult and expensive yet essential for implementing effective resto-
ration plans and management at the local level.

Precautionary Principle for Managing the Stock of Natural Capital 
Due to the uncertainty among scientists regarding ecological thresholds and the optimal ap-
proaches for restoring natural capital, policies should leave a margin of error when dealing
with the biophysical environment, applying the precautionary principle (Myers 1993; 
O’Riordan and Cameron 1994; Daly and Farley 2004). When deciding how much natural
capital should be restored, we should also err on the side of caution, favoring the restoration
of too much too early, a reversible decision, over too little too late, which may prove an irre-
versible one. While a sample size of one for unique ecosystems (e.g., the earth) does not al-
low us to reduce uncertainty through scientific experiments, we can explicitly incorporate
uncertainty into systems models (for example, Burman 2005; Halpern et al. 2006), and use
them to help avoid the most potentially catastrophic outcomes. Many ecosystems appear to
have crossed or to be nearing irreversible thresholds, and thus they demand restoration. Yet,
as mentioned, we are often uncertain precisely how to best restore natural capital, and only
learning by doing can help us reduce this uncertainty. To be capable of carrying out urgent
interventions when the precautionary principle demands it, we must acquire and disseminate
the necessary knowledge as rapidly as possible. 

Mechanisms Must Be Adaptive to a Changing Biophysical World
Suitable mechanisms for global restoration must work in a rapidly changing global system.
Ecological (global climate change, ozone depletion, pollution, soil loss, invasive species,
etc.), economic (globalization, recessions, etc.), and political factors (wars, resource disputes,
etc.) have and will continue to have dramatic impacts on the restoration of natural capital.
Policies must be flexible enough to work under different institutional frameworks and re-
spond to unexpected changes (Daly and Farley 2004).

Policies Should Be Efficient, or at Least Cost Effective 
An efficient policy would exactly balance the increasing marginal costs of implementation
with the diminishing marginal benefits: we should restore natural capital as long as the ben-
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efits of doing so outweigh the costs. Lacking exact knowledge of costs and benefits, we
should strive for cost effectiveness: we should meet a specific restoration goal at the lowest
possible cost or provide the greatest possible benefits for a given cost. This demands a trans-
disciplinary approach. Systems biologists, restoration and conservation planners, landscape
ecologists, and others should concentrate on criteria for determining where the ecological
benefits of restoration are likely to be the greatest, while social scientists should focus on 
the socioeconomic benefits, as well as the mechanisms and institutions to minimize costs.
This is a principle in line with the definition provided for the restoration of natural capi-
tal in chapter 1. Relevant benefits include the knowledge gained through restoration proj-
ects, which can be increased through free dissemination. Relevant costs include im-
plementation, transaction, opportunity, monitoring, and enforcement, which can be re-
duced by working through existing international agreements, such as the Kyoto Protocol
and the Convention on Biodiversity. Cost-effective approaches should complement exist-
ing local and national restoration incentives, and investments in local capacity are likely to
offer significant returns. In theory, restoration should be carried out wherever net margi-
nal benefits are positive. While accurate valuation is probably impossible (see chapters 3
and 26), systems models are useful for roughly estimating the net benefits of different 
interventions. 

Existing Mechanisms for Restoring Natural Capital

Applying these principles, the potential effectiveness of the limited number of existing global
mechanisms for restoration will be assessed briefly. The restoration of natural capital can, of
course, be either active or passive. Passive restoration simply reduces or eliminates the activi-
ties causing ecological degradation and allows for self-recovery of the system, though in some
cases it requires removal of infrastructure interfering with natural regeneration processes (see
chapter 28). In contrast, active restoration involves activities that help initiate and/or speed
up the natural processes. 

International Treaties and Agreements
A number of these address global restoration of natural capital either directly or indirectly.
The Montreal Protocol on substances that deplete the ozone layer, the Kyoto Protocol to the
UN Framework Convention on Climate Change (UNFCCC), the UN Convention to Com-
bat desertification (UNCCD), and the Convention on Biological Diversity are all highly rel-
evant to restoration (see also chapter 30). In principle, they all seek to create institutions at
the scale of the problem, while respecting national sovereignty. Of course, these two princi-
ples can clash when nations that contribute significantly to the problem do not ratify the con-
vention. For example, the United States has failed to ratify the Kyoto Protocol or the Con-
vention on Biological Diversity. 

The most successful agreement is arguably the Montreal Protocol, which, although fail-
ing to comply with the precautionary principle initially, eventually achieved target reduc-
tions through adaptive management. This, however, provides a poor model for the restora-
tion of natural capital. First, no nation has sovereign control of the ozone layer, which is not
the case for terrestrial natural capital. Second, a central authority could reasonably estimate
the costs of continued degradation, which were unacceptably high. Third, the goal was the
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total elimination of ozone depleting compounds (ODCs), making microflexibility irrelevant
in the long run (Parson 2003). 

Like the Montreal Protocol, the UNFCCC addresses ecosystem services over which no
nation has sovereign control. The Joint Implementation–Activities Implemented Jointly 
(JI-AIJ) and the Clean Development Mechanism allow businesses in wealthier countries to
finance carbon sequestration projects in poorer countries, including reforestation projects
(principle of microflexibility). However, the Kyoto Protocol still allows increasing concentra-
tions of greenhouse gases, thus failing to satisfy the precautionary principle. Furthermore
both the JI-AIJ and Clean Development Mechanism involve detailed agreements between
partners in different countries and therefore high transaction costs (Haites and Yamin 2000;
Michaelowa et al. 2003, and chapter 29). 

The Convention on Biodiversity seeks to conserve biological diversity, promote the sus-
tainable use of its components, and promote the fair and equitable sharing of its benefits.
Achievement of its goals (UNEP 2004) will require natural capital restoration. Unfortunately
we lack the science to effectively measure biodiversity loss (Balmford et al. 2005), and the
convention’s role in privatizing biodiversity to create incentives has actually stifled scientific
efforts to study conservation and restoration issues (ten Kate 2002).

Most international agreements emphasize specific forms of natural capital functions and
fail to recognize that healthy ecosystems provide many services simultaneously. This flaw has
led, for example, to promoting (under the Kyoto Protocol) exotic monocrop plantations of
eucalyptus in Brazil and elsewhere over restoration of more diverse native forests. A more ho-
listic and efficient approach would favor projects that meet the goals of several agreements
 simultaneously. 

Finally, most nations that are signatories of these treaties and agreements are also mem-
bers of the World Trade Organization (WTO). The WTO and its predecessor, the General
Agreement on Trade and Tariffs, have challenged environmental regulations as being barri-
ers to trade (Wallach and Sforza 1999), and many are concerned that this stance will under-
mine other accords (Vogel 2004). Equally serious, the WTO enforces intellectual property
rights, forcing countries to pay royalties on patents, which could slow dissemination of infor-
mation related to the restoration of natural capital. 

Payments for Ecosystem Services
The Clean Development Mechanism is one of a group of mechanisms known as direct pay-
ments for ecosystem services (see chapters 19 and 32). Payments for ecosystem services take a
variety of forms, have often proven successful in practice, and show considerable promise for
expansion (Pagiola et al. 2002; Landell-Mills and Porras 2002). The problem is that most of
these mechanisms are local or national in scope, whereas managing global restoration of nat-
ural capital will require global mechanisms.

The Global Environmental Facility
The Global Environmental Facility (GEF) is an “independent financial organization that
provides grants to developing countries for projects that benefit the global environment and
promote sustainable livelihoods in local communities.” Seeking to provide the incremental
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costs necessary to transform “a project with national benefits into one with global environ-
mental benefits,” GEF’s goals are a step in the right direction, but between 2002 and 2006 it
has dedicated only some three billion dollars to such projects, which is virtually nothing rel-
ative to the pressing need for restoration. GEF funds are awarded to individual projects, and
each project requires a proposal. The major transaction costs of this mechanism come in
writing, reviewing, administering, and reporting on the grants. In the words of colleagues fa-
miliar with GEF, the process involves “massive” transaction costs, which may “turn the entire
GEF mechanism inefficient.” It also “limits flexibility and promotes a bureaucratic ap-
proach” in which “it’s possible to tick all the boxes without achieving anything.” 

Proposed Method: Adapting Brazil’s ICMS Ecologico to the Global Scale

None of the current mechanisms for funding the restoration of natural capital at the global
scale satisfy all of the basic principles for effective mechanisms and institutions outlined ear-
lier. Here, we propose a mechanism that does satisfy these criteria based on an adaptation of
a policy (ICMS Ecologico) used in some Brazilian states to increase the supply of ecosystem
services. 

To briefly summarize, Brazilian states capture most of their revenue from sales taxes
(Loureiro and Rolim de Moura 1996), returning 25% to municipalities. Some states have
chosen to award a portion of this money to municipalities according to how well they main-
tain watersheds and conserve land (Perrot-Maitre and Davis 2001; Vogel 1997). The goals of
the policy are to compensate municipalities for the loss of revenues from conservation areas,
develop new incentive mechanisms for environmental management, stimulate the creation
of new protected areas, conserve biodiversity, and recompense municipalities for the envi-
ronmental services that they provide. The net result is an incentive to maintain and expand
land uses that provide critical ecosystem services through the restoration of natural capital
(May et al. 2002). 

So far, the model appears to be quite successful and satisfies the principles outlined ear-
lier. Surface area under conservation and the quality of the conservation units have in-
creased, as have the number of states participating in the program and the revenues dedicated
to it (Loureiro and Rolim de Moura 1996). In particular, transaction costs have been very
low: four years after implementing this model, approximately US$30 million were redistrib-
uted at an incremental administrative cost of only $30 thousand (Vogel 1997). 

Such a model could readily be adapted to provide incentives for the restoration of natural
capital at the global scale. The approach would require a global institution with adequate fi-
nancing that would allocate its annual budget to countries in proportion to the quantity and
quality of the restoration of natural capital, active or passive, they undertake. Such a global-
scale institution would provide additional incentives for national or local mechanisms al-
ready in place, thus complying with the principle of subsidiarity. Participation would be en-
tirely voluntary, imposing no threats on sovereignty. Reward criteria could utilize the best
scientific knowledge concerning the global values of specific ecosystems, but the ultimate de-
cisions about restoration would be made at the local level, as local people are best informed
about opportunity costs. This would satisfy the criterion of allowing maximum microflexibil-
ity to achieve macrolevel goals. To satisfy the precautionary principle, we would need to 
implement this policy as quickly as possible, with adequate funding. The best way might be
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simply to modify an existing institution such as the GEF. As we implement this instrument
we will learn more about its strengths and weaknesses, and over time we will also learn more
about the urgency of restoration. Adaptive management would require that the criteria for
evaluating restoration efforts and the amount of money available be adjusted accordingly. 

The suggested policy is highly cost effective in a number of ways. First, experience in
Brazil shows that transaction costs are very low. The growing quality and falling price of satel-
lite imagery, as well as remote sensing, allows for low-cost monitoring, and enforcement costs
are essentially zero, as the money would be awarded only for successful efforts. Countries
could compete for a fixed pool of money, which would provide constant incentives for
greater efficiencies through innovation. Publicly funded research in global ecosystem resto-
ration, freely available, would further increase efficiency. 

Successfully financing such an institution is of course a major obstacle. Efficiency de-
mands that each country’s contribution equal the benefits it receives from an additional unit
of restoration (see chapters 3 and 32). Unfortunately, not only are decisionmakers largely ig-
norant of the benefits they receive from the restoration of natural capital, but they also have
an incentive to underreport their benefits and thus free-ride on the willingness of other coun-
tries to finance such restoration activities. A promising alternative would be to tax resource
extraction and/or waste emissions, which would simultaneously penalize the destruction of
global public goods. For example, a $.016 per liter tax on gasoline consumption would gen-
erate some $30 billion dollars per year, which is forty times the current expenditure by the
GEF. Such a tax would target the wealthy, who are doing the most damage to natural capital
at a global scale. As the wealthy have the lowest benefits from marginal income, this ap-
proach also minimizes welfare loss. 

Contribution

Growing evidence suggests that restoring natural capital at a global scale is becoming in-
creasingly urgent, and existing mechanisms and institutions are clearly inadequate. Prior to
the eighteenth century, market goods were exceedingly scarce. As a market economy
emerged over the course of the eighteenth and nineteenth centuries, society had to develop
the institutions necessary to make it function (Polanyi 1944). As a consequence, we continue
to develop the institutions necessary to promote a global market economy, as described by
the academic field of microeconomics. Following the Great Depression of the 1930s, econo-
mists and politicians realized that the state played an important role in regulating economic
demand, leading to the field of macroeconomics. Today, the scarcest resources at all scales
are, increasingly, natural capital, and without these, all economic systems will collapse (see
chapter 30). The challenge for this generation is to develop the institutions and mechanisms
necessary to ensure ongoing provision of ecosystem services at a global scale. This has moti-
vated the emergence of the field of ecological economics and all the other transdisciplines in-
terested in the restoration of natural capital. 

As the nature of scarce resources has changed over the last centuries (from manufactured
capital to natural capital), so has the rate of change (Heilbronner 1995). Not only will it take
time to develop and implement the institutions and mechanisms necessary to stimulate the
global restoration of natural capital, but also, once in place, it will take time to learn how to
restore global ecosystems. This knowledge is itself a global public good. The principles sug-
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gested offer guidelines for designing appropriate mechanisms. In summary, we cannot prom-
ise our proposed instrument will succeed, but we will never know for sure what will work un-
til we try. Given the urgency of the problem, the less we know about solving it, the more ur-
gent it is that we begin implementing potential solutions, if only to learn from our failures.
There is no time left for stalling.

31. Managing Our Global Footprint Through Restoration of Natural Capital at a Global Scale 285

ch31:IP_Aronson  5/14/07  11:01 AM  Page 285



Chapter 32

Making Restoration Work: Financial Mechanisms

Rudolf de Groot, Martin de Wit, Erica J. Brown Gaddis, 

Carolyn Kousky, William McGhee, and Mike D. Young

Much of the earth’s natural capital has been modified and transformed into urban areas, cul-
tivated fields, and wasteland. The loss and degradation of natural capital and its services is re-
sponsible for a host of environmental and societal problems, including reduced water and air
quality, soil erosion, and loss of biodiversity. As recognized by the Millennium Ecosystem As-
sessment (MA), as well as other studies, this degradation of natural capital diminishes human
well-being through loss of ecosystem services and the benefits people receive from them (e.g.,
Vitousek et al. 1997; MA 2005a). While the poor and those directly dependent on nature’s
services are often the hardest hit by decreased welfare due to deterioration of natural capital,
prosperous areas are by no means immune. Besides the direct impact on well-being (for ex-
ample, decreased water quality or fewer pristine hiking locations), lost services can also hurt
communities indirectly through higher costs, as replacing an ecosystem service with built in-
frastructure, if possible, is often expensive.

With increasing knowledge about the economic value of natural capital and the services
they provide (see chapter 26), interest in financial instruments that encourage both their
maintenance and, more recently, their restoration is increasing (e.g., Scherr et al. 2004) and
is hence also the focus of this chapter. It is also being realized that these financial instruments
need to be combined with a mix of institutional and nonfinancial instruments (see chapters
27 and 33) to adequately preserve and restore natural capital. 

Why We Need Financial Mechanisms for the Restoration of Natural Capital

There are many reasons why degradation and destruction of natural capital occurs, including
the following:

• Misspecification of property rights: A failure to define and assign property rights over
either ecosystems in general (largely a developing-country problem) or particular eco-
system services, which eliminates the private incentive to invest in their restoration and
protection.

• Market failures: A general failure of markets to reveal the true costs of resource use and
to allocate costs and benefits properly. This includes the issue of externalities (e.g., pol-
lution) and public goods (e.g., clean air). With public goods there is again no private
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incentive to provide the good, as it would be costly, though all share the benefits. This
is the infamous free-rider problem, as discussed in the previous chapter. 

• Perverse incentives: The presence of government-pricing practices, subsidies, and taxes
that reward adoption of degrading practices and/or discourage investment in natural
capital, often driven by demands from special interest groups at the expense of society
at large.

• Lack of information: In many cases, people understand neither how they benefit from
natural capital nor what is needed to maintain access to them. 

There has been growing interest in mechanisms that create positive economic incentives
for land managers and the users of natural capital to behave in ways that increase, or at least
maintain, certain environmental functions and ecosystem services, including payments for
ecosystem services (PES), also referred to as markets for environmental services (MES), and re-
wards for ecological services (RES) (e.g., Landall-Mills and Porras 2002; Bishop 2003; Bayon
2004; chapter 19). The latter may also include nonfinancial compensation. The basic con-
cept is that the beneficiaries of service provision compensate the providers (see also chapters
26 and 31). According to Bishop (2003), the ecosystem services included most in financial
mechanisms thus far are (1) carbon sequestration in biomass or soils; (2) provision of habitat
for endangered species; (3) protection and maintenance of landscapes that people find at-
tractive (such as the patchwork of hedgerows, cropland, and woodland typical of southern
England); and (4) a catchall category of “watershed protection,” which involves various hy-
drological functions related to the quality, quantity, or timing of freshwater flows from up-
stream areas to downstream users. Most restoration activities aim to restore one or more of
these services.

There are basically four types of financial or reward mechanisms, listed here briefly and
then discussed in more detail later, whereby service providers can be compensated/rewarded
for services delivered (based on, among others, Johnson et al. 2001; Powell and White 2001):

1. Self-organized private market arrangements (e.g., user fees, certification mechanisms,
and private contracts)

2. Voluntary private, nonmarket funding mechanisms (e.g., donations and lotteries)
3. Government-supported market creation (e.g., offset and trading schemes to limit

 access)
4. Financial mechanisms run by government (e.g., public payments and tax incentives)

Self-Organized Private Market Arrangements to Facilitate the Restoration of
Natural Capital

Despite the market failures that often plague efforts to restore natural capital, private actors
occasionally develop schemes to encourage restoration with no government involvement.
These include an array of mechanisms for private deals through the market, such as user fees,
transfer payments, land purchases, cost-sharing arrangements, low-interest credit, purchase
of land-development rights, and direct payment schemes for ecosystem services (Scherr et al.
2004). In virtually all of these “deals,” the beneficiaries pay for the ecosystem services they re-
ceive, and arrangements are made to exclude those not paying. This section will give an
overview of some of the mechanisms for a variety of different ecosystem services.
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Private Payments for Watershed Protection
Downstream users of water are often willing to pay for restoration of the upstream ecosystem
to obtain improved water quality. For example, in Colombia, farmers were organized into 
water user associations involving 97,000 families to restore and protect upstream water-
sheds, while members financed the restoration through user charges on water consumption
(Landell-Mills and Porras 2002). In Costa Rica, a hydroelectric company, Energía Global,
paid watershed landowners to restore or maintain forest cover to ensure more constant flows
and reduced sediment loads. In the Panama Canal, deforestation has increased the amount
of sediment and nutrients (which spur aquatic weed growth) reaching the canal, necessitat-
ing expensive dredging. ForestRe, an insurance entity focused on forests and ecosystems, is
working with other insurance companies to underwrite a bond to finance watershed refor-
estation. It has been proposed that companies heavily dependent on the canal buy the bond
and receive a reduction in their insurance (against closure of the canal) in exchange (Econo-
mist 2005). Private companies like Perrier Vittel in Switzerland have also found that it pays to
maintain the functioning of natural capital to protect the source of their mineral water. In the
early 1990s, Vittel negotiated contracts with local farmers to alter their practices, in particu-
lar reducing nutrient and pesticide runoff into the water, in exchange for payment and other
forms of compensation. The total cost for Perrier Vittel was $24.5 million (for the first seven
years) (Perrot-Maitre and Davis 2001; Johnson et al. 2001), which presumably is less than it
would cost to locate a new source of pristine water, or the amount the brand name would suf-
fer should their water be found to be of lesser quality.

Private Payments to Restore Natural Habitat on/near Farmland
As knowledge about the value of natural capital improves, landowners begin to invest in
them. An increase in pollination services, for example, can justify private spending by farm-
ers on the restoration of small amounts of habitat around their fields (Kremen et al. 2004).
Restoring riparian or wooded areas, coupled with other practices such as integrated pest man-
agement, can eliminate renting honeybee colonies, because the farmers can rely on native
pollinators (Nabhan 2001). Native pollinators can also increase harvests, as shown from a
study in Costa Rica, where farms near native tropical forests produced greater yields and
higher quality coffee (Ricketts et al. 2004). Unfortunately, private benefits from this type of
restoration, namely, increased numbers of particular insects, is dependent on the mainte-
nance of habitat patches across an entire landscape, not just on one farm, and free-riding—a
failure to contribute—can emerge and become a serious problem. 

Private Payments for Amenity Services
Some homeowners have demonstrated their willingness to pay more for the aesthetic beauty
and recreation opportunities that restoration can provide. Wild Meadows, a housing devel-
opment project in Minnesota (USA), includes restored native prairie, woodland, and wet-
lands around the homes. In fact homeowners pay an annual fee to fund an ecologist to main-
tain natural areas and to organize community activities, such as nature walks and prairie
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burns. Recent evidence suggests that this type of demand is increasing, and developers are re-
sponding (Amundsen 2006). 

Payments through Ecotourism
Many people are willing to pay to see attractive ecosystems, and when this can be captured, it
creates a financial incentive for restoration. A good example is the ecotourism company 
Conservation Corporation (Conscorp) in South Africa. Their business model is based on the
fact that land as part of a reserve for hunting or tourism can generate substantially more rev-
enue than from farming or ranching (Heal 1999). Since the presence of lions increases
tourist revenue, and lions are at the top of the food chain, supporting them requires restoring
the entire ecosystem (Heal 1999). Conscorp therefore signs contracts with landowners to re-
store farmlands to their original state and stock them with native wildlife.

Product and Regional Certification Mechanisms
Some consumers are willing to pay more for a good if they know its production has main-
tained or restored natural capital. In global markets, reaching such people can be difficult, as
goods are often produced a long way from where they are sold. To enable people to express
their willingness to pay more for products contributing to restoration, certification schemes
have been established. They all work by establishing a set of performance criteria and stan-
dards that participants follow. Participation is usually voluntary. Some schemes focus on 
organization-oriented or process standards; others are production oriented and require levels
of performance and product quality (Mech and Young 2001). An example of the former is the
analysis of an entire firm’s environmental impact determined by TruCost, using external cost
methodology (TruCost 2006), or carbon market schemes such as the Climate Community
and Biodiversity standards (http://www.climate-standards.org). Examples of the latter include
the certifications established by the Marine Stewardship Council and the Forest Stewardship
Council, which guarantee that any product carrying their label is sourced from a sustainably
managed resource. These mechanisms work because some people prefer to purchase and
even pay higher prices for sustainably managed resources. Sustainable management can,
and often does, require considerable restoration investments.

As the demand for better environmental performance increases, wholesalers are begin-
ning to require all their suppliers to meet environmental standards, which can, in turn, be ex-
pected to encourage the restoration of natural capital. One of the best-known examples is
EUREP-GAP, a scheme that has been developed for the certification of food sold in Euro-
pean supermarkets (e.g., fair trade products). As yet this scheme is silent on the value of eco-
system services, but one could speculate that future developments will require farmers to take
maximum advantage of them and avoid practices that diminish ecosystem services.

Voluntary Private, Nonmarket Funding Mechanisms to Restore Natural Capital

Much of the current global environmental restoration activity is sponsored by private dona-
tions, trusts and philanthropic funds, conservation organizations, and other voluntary private
payments.
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Memberships and Donations
Many of the world’s top environmental, nongovernmental organizations (NGOs) receive sig-
nificant portions of their funding from individual memberships, donations, and legacies. The
World Wide Fund for Nature (WWF) International, the national WWF organizations, The
Nature Conservancy (TNC), the Sierra Club, the Audubon Society, and the Royal Society
for the Protection of Birds (RSPB) are all examples. While largely a conservation organiza-
tion, TNC uses some of its money for the restoration of natural capital, such as the restora-
tion of Glade Wetland in Ohio, and community-based restoration programs. Similarly, the
UK-based RSPB, with over one million members (RSPB Annual Report 2002–2003,
http://www.rspb.org.uk/), generates at least £25 million per annum through individual mem-
bership dues. This allows it to purchase land and to carry out natural capital restoration proj-
ects including, for example, restoration of peat bogs and Caledonian pine forest in the Scot-
tish Highlands. In some cases, these membership-based groups are evolving to become
“buyers” of ecosystem services.

In addition, in many developed countries, such as Australia, the United States, and
Canada, donations to environmental organizations and initiatives are tax deductible, and re-
lief from capital gains tax is applied to the sale of conservation easements (Shine 2004; Parker
2002). 

Volunteer Work
People motivated by altruism or a belief in the importance of restoration or conservation do-
nate not only their money, but also, as Holl and Howarth (2000) have noted, their time. The
authors note the huge increase in volunteer-based restoration programs. Literature on the
“warm glow” individuals receive from giving (time or money) would suggest that this behav-
ior plays at least a small part in funding for restoration. 

Lotteries
Many developed countries (e.g., Canada, The Netherlands, France, the United Kingdom,
and some states in the US) have long hosted lottery ticket schemes, and some of these sup-
port the restoration of natural capital. The Dutch Lottery Fund (Postcode Loterij), for exam-
ple, gives a fixed percentage of each week’s national lottery takings directly to WWF Nether-
lands, which, in turn, assists WWF International to fund pan-European and global initiatives,
such as the Forests Reborn and Wild Rivers habitat restoration projects. In the United King-
dom, lotteries support imaginative restoration projects and also act as a spur for consortia of
organizations to bring forward national schemes. One such scheme is the Millennium Forest
for Scotland (MFS) Initiative, conceived in 1995 and coordinated by WWF Scotland, with
support from the government’s environmental agency and its forest managers. Over a five-
year period (1995–2000) the MFS Initiative successfully targeted the Millennium Commis-
sion, one of the large capital project funds within the UK suite of lottery funds, and secured
£10 million that was matched by a further £20 million of other funds. This has resulted in
10,000 hectares of restored woodland habitat.
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Government-Supported Market Creation to Facilitate the Restoration 
of Natural Capital

Whereas private markets work for rival excludable goods and services, many goods and ser-
vices from natural capital are nonexcludable, which requires that they be made excludable
using property-right mechanisms and tradable quotas. Nonrival goods must be protected
through regulatory mechanisms or government payments for ecosystem services, such as
trading schemes, cap-and-trade, and offset systems (World Bank 1997; Sterner 2003). When
property rights are well defined (and in some cases created) and enforced by governments, it
is possible to use a variety of mechanisms to create incentives to restore and maintain natural
capital. Property-right mechanisms range from bubble-licensing arrangements through offset
arrangements to full-blown tradable emission permit systems (Bayon 2004). A major issue
with the development of these mechanisms is whether leakage can be controlled. Leakage
occurs when part or all of the restoration in one area is accompanied by loss somewhere else.
For example, an area of restored or conserved forest may just push damaging activities else-
where so that, on net, there is no reduction in degradation; that is, leakage has occurred. This
is unfortunately difficult to control or observe and often depends on establishing a credible
baseline from which to measure changes, while strict environmental regulations and en-
forcement arrangements must be in place.

Bubble Licenses
The simplest arrangement is a single license issued to a firm that encompasses all of its facil-
ities and limits its total emissions, rather than emissions from each of its sources. The firm is
then free to decide how to minimize its emissions. In this situation, the incentive for the res-
toration of natural capital is minimal, although the total reduction in emissions can lead to
the restoration of some ecosystem services, if they have not been degraded beyond the point
of self-repair. Such arrangements are often known as bubble licenses.

Offset Investments and Banking
The next step on from a bubble license is a variety of offset arrangements. The most common
offset mechanism is one where a government establishes a no net loss policy. This requires
any person or company proposing to degrade the environment to offset this impact by restor-
ing natural capital elsewhere, so that in aggregate there is no net loss in the provision of eco-
system services. For example, in the case of wetland mitigation in the United States, the func-
tional equivalence of habitat is often interpreted as a no net loss in acreage. A big question in
the United States regarding mitigation banking for wetlands is whether no net loss of acres is
really the same as no net loss of ecosystem functioning or ecosystem services and values—it
usually isn’t (Salzman and Ruhl 2001). There is currently a push in the United States to look
more closely at this problem and perhaps to address mitigation at a watershed scale. Under
some versions of these schemes, particularly those that involve trade between nonpoint and
point sources of pollution, exchange ratios of 2:1 or 3:1 (i.e., restoring 2 or 3 ha for every ha
lost) are not uncommon (Young and Evans 1998). In a few of the more sophisticated offset
schemes, banking is allowed. That is, a company can restore a wetland, for example, so that
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at some future time another wetland can be drained. To further this ideal and to minimize
the impacts on economic development, wetland mitigation banks have been established in
the United States, and by 2005, more than five hundred wetland mitigation banks were oper-
ating and about eight thousand wetland credits had been traded, with a total market volume
of about $290 million. Indeed, it is estimated that the total market for wetland mitigation in
the United States (not just private) is about $1 billion (Katoomba Group 2006).

Permit Trading
The most sophisticated government-mediated markets involve what are often described as
cap-and-trade systems. These schemes limit the total amount of development, resource use,
or impacts on resources (i.e., through restricting pollution emissions) by keeping all use
within a cap. Most cap-and-trade systems operate by issuing permits in proportion to the total
amount of emissions that may occur in a given time period and then making these permits
tradable. When a firm reduces its quantity of emissions, it is free to sell its permits to someone
else. One of the most attractive dimensions of these mechanisms is that those holding permits
have a financial interest in ensuring that such systems work, and that it makes compliance
cheaper for the firm. 

Examples of cap-and-trade schemes include the EU Emission Trading Scheme (ETS) to
limit greenhouse gas emissions under the Kyoto Agreement (carbon credits) (Bayon 2004);
the Murray Darling Basin Commission’s salinity-trading scheme in Australia (Johnson et al.
2001); the U.S. sulfur dioxide trading scheme; and the Individually Tradable Quotas (ITQs),
developed for fisheries in many parts of the world (Aranson 2002). The strength of this ap-
proach is that it focuses on outcomes and allows firms to profit from investing in restoration
or reducing pressure on natural systems. In general, cap-and-trade schemes are preferred over
direct regulation as they are a cost-effective way of reaching a given environmental policy tar-
get. However, these systems work only for resources that are rival and can be effectively quan-
tified, and where there exists a clear designation of administrative authority. 

Financial Mechanisms Run by Government to Facilitate the Restoration of
Natural Capital

Very often market failures limit private incentive to engage in the restoration of natural capi-
tal. These can be overcome by a variety of government-run mechanisms that change the cost
of restoration through payment, taxation, and/or subsidization mechanisms. These schemes
may involve governmental agencies at many scales, from local to international.

Direct Public Payment Schemes
Under the Conservation Reserve Program (CRP) in the United States, landowners are paid
to retire agricultural land of high conservation value (primarily next to streams) and restore it
to a grassland or forested ecosystem (FSA 2005). The amount paid to the farmer for under-
taking this restoration is based on the profit that could have been made had the land re-
mained in production. As of 2004, the USDA had placed 14 million hectares (34.7 million
acres) under contracts with annual rental payments of $1.6 billion (Barbarika 2004). This is
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just one example of governmental payments to farmers for improved land management for
protection of ecosystem services. Another well-known example is New York City’s decision to
restore its watershed rather than construct a water treatment plant (see chapter 24).

In an attempt to deliver similar benefits at less cost in Australia, a variety of tender pro-
grams are being tried. These reverse-auction schemes involve landowners’ submitting bids to
the government for the amount they would need to be compensated to undertake certain res-
toration activities on their land. The government then ranks these bids by a benefit index and
the cost asked by the farmer, awarding those with the highest benefit to cost ratio, until their
budget is exhausted.

Tax Incentives and Other Fiscal Instruments
Throughout the world, taxation arrangements are used to influence land use. In many cases,
however, they can have perverse effects. In Australia, for example, many of the concessions
given to agriculture discourage the maintenance of natural capital (Binning and Young
1999). Favorable taxation arrangements, however, can also be developed such that people
who restore natural capital are given subsidies or tax breaks—but these tend to be rare (e.g.,
Reid 2002; Shine 2004). As a general rule, the transaction costs of such arrangements need to
be weighted against their socioeconomic and ecological benefits (Parker 2002). 

The most common arrangement is to allow deductions for expenses incurred while work-
ing on land earmarked for conservation rather than for production. Although uncommon in
Europe (Shine 2004), elsewhere certain land-management input costs can be offset, such as
the clearing of invasive alien plants in South Africa (Botha 2001). In the United States, farm-
ers may deduct the costs of soil and water conservation from taxable income, limited annu-
ally to 25% of the taxpayer’s gross income from farming (Bowles et al. 1998), while in Ireland
a reduced value-added tax applies to agricultural services in general (Shine 2004).

In southern Ontario significant wetlands, areas of natural interest, and areas of scientific
interest (ANSIs) are 100% exempt from property tax (Reid 2002). Similarly, property tax ex-
emptions in Brazil and Guatemala encourage the creation of private nature reserves (Greig-
Gran 2000). 

Contribution

A large array of financing instruments can be applied to fund the restoration of natural capi-
tal. In choosing the right mechanism, a mistake often made is to ask too much of a single in-
strument. As a general rule, a separate instrument should be used to achieve different objec-
tives. For example, in the development of efficient, equitable, and dependable ways to
manage water resource allocation, it is necessary to use at least three financing instruments
for achieving the separate goals of efficiency, equity, and dependability (Young and McColl
2005).

Overall, scientific evidence is mounting that financing conservation and the restoration of
natural capital is more profitable than conversion to single-function use (Balmford et al.
2002), and that “every dollar invested in [nature conservation and restoration] saves any-
where between US$7.5 and US$200 in avoided damage and repair costs” (Economist 2005).
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Chapter 33

Making Restoration Work: 
Nonmonetary Mechanisms

William McGhee, John Craig, Rudolf de Groot, 

James S. Miller, and Keith Bowers

A growing community of people within the academic, governmental, volunteer, and business
sectors have shifted thinking from straightforward approaches to ecological restoration and
have embraced the more holistic ideal of restoring natural capital, though the phrase itself
has not become common in public discourse yet. Theoretical aspects and practical methods
for natural capital restoration have evolved and developed through recent responses to in-
creasingly intensive and unsustainable land use. The restoration of natural capital is a neces-
sity rather than a luxury and essential to balance and repair continued and accelerating dam-
age to ecosystems, degradation of habitats, and changes in global and local environmental
processes. A key question is whether the capability and the willingness exists (locally, nation-
ally, and internationally) to restore and sustainably manage habitats, ecosystems, and
processes so that they preserve the biological diversity and ecosystem services of the original
systems. 

This chapter examines the restoration of natural capital that is not directly stimulated by
monetary or fiscal mechanisms (see chapter 32); rather, it explores examples of the restora-
tion of natural capital that are a consequence of nonmonetary mechanisms, such as regula-
tion, social pressure, corporate conscience, ethics, or faith. It also touches on unintended res-
toration where habitats, ecosystems, or processes have been regenerated by default through
neglect, by accident, or by misfortune. This review of nonmonetary mechanisms has an un-
derlying premise that restoration can occur in spite of human intent or intervention. One of
the many challenges facing those involved in restoration is the enumeration, classification,
and evaluation of the scale and quality of natural capital restoration. A comprehensive in-
ventory of restoration projects, including their outputs and outcomes, would be valuable in
educating and informing decisionmakers and policymakers about the desirability of injecting
greater urgency and more resources toward the restoration effort. The question of the extent
to which governments, societies, communities, and private companies are motivated, in-
spired, pressured, or obligated to carry out restoration projects or programs in the absence of
direct financial gain is important to those concerned about natural resource depletion. 

Finance may not be the main driver of restoration in the examples dealt with in this chap-
ter, but money is almost always applied in active restorative efforts to secure resources or pay
for services (chapter 32). The philanthropic gesture, the campaigning cause, the local gov-
ernment planning regulation all have a value or a cost, and therefore a clear distinction has
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been drawn between mechanisms that have no direct monetary drivers and the cost or price
of delivering the restored natural capital. 

There is an overlap between nonmonetary and monetary mechanisms. Market protec-
tionism is an example of this overlap and is common practice in all countries and trading
blocks. It is used to greatest effect by the European Union, the United States, Japan, and
other large economies. Direct government subsidies and restrictions on imported agricul-
tural goods that act as tariffs have detrimental consequences for land use in both exporting
and importing economies and societies.  

This chapter recognizes five main areas where restitution or restoration of land is the re-
sult of a nonfinancial mechanism: (1) governmental intervention by regulation and legisla-
tion; (2) intervention through nongovernmental organizations (NGOs); (3) grassroots resto-
ration resulting from local action inspired by faith-based concerns, threats to livelihoods, or
loss of culture; (4) action due to changes in private sector behavior, and (5) unintentional res-
toration, through unpremeditated or accidental activities. We discuss each of these nonmon-
etary mechanisms, and the chapter concludes with summary recommendations for actions
likely to result in an increase in restoration.

Governmental Regulation and Legislation to Promote the Restoration of
Natural Capital

Laws and regulations that provide mechanisms and incentives for restoration may be re-
garded positively by those concerned about resource depletion, such as environmental
NGOs, while they may be viewed with greater skepticism by those who feel that their busi-
ness or livelihoods may be impacted by regulation: extractive industries, industrial agricul-
ture, and commercial forestry and fishing interests. 

The degree to which government regulation can promote the restoration of natural capital
is unclear. However, it is not unreasonable to assume that the bulk of such restoration to date
has been carried out in developed countries such as those within the European Union (EU),
in Australia, and in North America. In the United States and Canada “technocratic” motiva-
tions are clearly among the principal drivers of restoration (Clewell and Aronson 2006).

Legislation requiring restoration often aims for mitigation for ecologically or environ-
mentally damaging operations that result from real estate development (e.g., the building of
new housing or large construction projects) or mitigating habitat impacts by extractive in-
dustries and agriculture. The regulatory framework falls within national or state legislation,
such as planning law, and it can require reinstatement or restoration of a portion of the dis-
rupted or damaged habitat. This restorative requirement can be in situ or remote from the
development. 

Sophisticated government intervention, whereby developers are required to offset or miti-
gate impacts to systems by restoring an area of land or water on a like-for-like basis, is uncom-
mon. The United States is an exception to this and, for example, has, since the mid-1980s,
adopted a land-management goal of no net loss (NNL) of wetlands, supported by a system
called wetland mitigation banking (see also chapter 32). This is a permit system operated
through the U.S. Army Corps of Engineers that obliges developers whose potential actions
may damage or destroy wetlands to demonstrate that damage to a wetland is unavoidable,
and subsequently to provide compensatory mitigation for unavoidable wetland impacts. 
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Wetland mitigation banking was institutionalized by guidance released in 1995, the Fed-
eral Guidance on the Establishment, Use and Operation of Mitigation Banks (Shabman and
Scodari 2005). A survey in 2005 by the U.S. Army Corps of Engineers established that there
were some 450 mitigation banks in operation, with an additional 198 banks in the proposal
stage. In 2001 the Environmental Law Institute (ELI) identified 72,437 hectares (173,848
acres) of wetland restoration, creation, enhancement, and/or preservation as a result of miti-
gation. Yet, wetland mitigation banks are just one of many tools that can be used to mitigate
the loss of wetlands, and it should be noted that the majority of wetland mitigation is per-
formed outside of these systems.

The efficacy of the wetland mitigation banking process has received mixed reviews. Many
economists regard wetland banking as a monetary incentive that produces compensatory mit-
igation credits to offset detrimental environmental impacts. However Shabman and Scodari
(2005) argue that wetland mitigation banking as currently practiced is a nonmonetary incen-
tive. Regardless of the actual impact and nature of wetland mitigation banking, it has pro-
duced quantitative and qualitative wetland restoration and serves as an interesting and par-
tially effective regulatory instrument.

In addition to wetland banking, other government-based mitigation programs include
mitigation of endangered species habitat, forests, nutrients, and streams/rivers, all of which
also use mitigation banking as a compensatory tool. However, mitigation is only one compo-
nent of funding the restoration of natural capital. For example, in the United States there are
federal programs administered by the U.S. Environmental Protection Agency, Interior De-
partment, and the Natural Resource Conservation Service, among others, which provide
funding for restoration projects. These programs are often combined with local and private
funding to encourage the restoration of degraded landscapes and habitats. 

The EU has taken a different approach than the United States regarding regulation and
restoration. Europeans have opted for pan-regional legislation that sets targets for biodiversity
through environmental directives. These directives cascade down to national government
levels and are manifested in legislation on land management, which has acted as a relatively
minor driver in natural capital restoration. The Birds Directive (79/409/EEC) and the Habi-
tats Directive (92/43/EEC) are the main EU legislations governing species and ecosystems;
these directives are delivered through a network of sites (aided by a funded program—LIFE
Natura 2000), which provide a geographically discrete focus for the management of fauna
and flora. 

The EU has, since 2001, attempted to move from a position of enforcing conservation di-
rectives through the European Environment Agency (EEA)—such as the protection of Ram-
sar Wetland sites from the threats posed by agriculture, pollution, and water regulation—to a
more proactive engagement with groups pursuing biodiversity enhancement and/or restora-
tion. This move toward the restoration of natural capital was expressed in the EU’s Working
Paper on Prevention and Restoration of Significant Environmental Damage (2001), which
built on the EU Treaty, Article 174(2). This article is drafted in terms of the polluter pays
principle, where environmental damage is treated as a criminal offence and the polluter is
subject to prosecution and a financial penalty for the crime. It did not, however, outline or
propose a legal framework for obliging polluters or developers to reinstate or restore habitat,
nor did it bind national governments to restoration targets, as is the case in the United States.
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Contribution of Nongovernmental Organizations to the Restoration 
of Natural Capital

Actions to restore natural capital are commonly associated with the Third Sector, represented
by nongovernmental organizations (NGOs). An NGO usually is a nonprofit group or associ-
ation that acts outside of institutionalized political structures and pursues matters of interest
to its members, by lobbying, persuasion, or direct action. 

European and North American environmental NGOs, such as the World Wide Fund for
Nature (WWF), The World Conservation Union (IUCN), Conservation International (CI),
The Natural Conservancy (TNC), and the Wildlife Conservation Society (WCS), champion
endangered species and fight habitat degradation through campaigns, direct action, and
practical activity. During the last ten years the larger NGOs, such as WWF and CI, have to a
degree become less adversarial with respect to governments and companies and have on oc-
casion opted not to conduct high profile campaigns against products, projects, or companies.
Instead, they engaged them in an effort to change private sector thinking and behavior
through partnerships to initiate restoration projects. The work of many environmental NGOs
focuses on bringing about a change in attitudes and the cultural norms toward the environ-
ment, conservation, and restoration through education, public outreach, and projects and by
example.

As developing countries become wealthier, their citizens become better equipped to re-
spond to environmental degradation and social injustice, hence the increasing number of
new NGOs operating in this field in India, China, Brazil, and South Africa. Many of these
NGOs are in the vanguard of natural capital restoration; they bring pressure to bear on politi-
cians and heads of industry to change laws and practice; they provide a focus for public sup-
port and a structure for gathering and channeling funding to projects and causes; and they
carry out the work of restoration through their own offices or in partnership with other insti-
tutions, organizations, or communities. 

Both international and local environmental NGOs are moving away from strictly con-
serving land and habitat and are now employing restoration as a major component of their
conservation programs. CI, IUCN, TNC, WCS, and WWF are all doing this on a global
scale, and there are many regional and local conservation NGOs in the United States that are
also adopting this strategy. Apart from their role in supporting the restoration of natural capi-
tal through direct action, most environmental NGOs play a very important role communi-
cating need and helping educate the general public about environmental problems.

Grassroots Action in Support of the Restoration of Natural Capital

Those least able to afford or least equipped to sustainably manage their local resources are of-
ten responsible for the degradation of their immediate environments for no better reasons
than that they do not have any choice or do not know of any other options (chapter 29).
Henao and Baanante (2001) of the International Centre for Soil Fertility and Agricultural
Development suggest that African farmers are “mining” the land to such an extent that nutri-
ents are “hemorrhaging” from approximately 85% of African farmland at a truly alarming rate
of 30 kg per hectare per annum, and 40% of farmland is losing nutrients at 60 kg or higher per
annum. 

33. Making Restoration Work: Nonmonetary Mechanisms 297

ch33:IP_Aronson  5/14/07  11:03 AM  Page 297



Communities that suffer the worst degradation of natural resources, willingly or unwill-
ingly, do not have access to resources or funds to carry out restoration, and often these com-
munities are powerless to influence politicians. It is reasonable to assume that most restora-
tion is a result of external pressure or intervention, rather than a direct consequence of
community action, and it is often conducted in spite of community opposition. For example,
the FACE carbon financed reforestation project in Uganda initially excluded local graziers
and fuelwood collectors from the Mount Elgon National Park. 

In developed countries, communities and grassroots organizations have been at the fore-
front of restoration; in Scotland this involvement is a consequence of land reform pressure
and in part a response to insensitive and ecologically damaging industrial afforestation car-
ried out by the private sector with support from the UK Forestry Commission (see chapter
14). It is in the developed world, where people have become remote from the land, that in-
terest in the restoration of natural capital appears to be most prevalent. Indeed, environmen-
tal concern and the willingness and ability to restore may be regarded as a luxury attendant
on wealth and prosperity. 

Strong leadership or the efforts of a small group of dedicated individuals often inspire
community action. Concerned at the loss of mangroves, coral, and sea grass beds, Pisit
Charnsoh founded the Yadfon Association in 1985 to work in coastal villages of Trang in
Thailand. Yadfon’s work spread throughout thirty villages in the delta and has resulted in
nine community-managed forests and 240 hectares of restored mangrove forest. The Thai
Forest Service has declared this the first community mangrove forest in Thailand. The suc-
cess of Yadfon has come as a result of recognizing the need for education, practical outputs,
and a decentralized approach to decision making. Economic benefits to local communities
have accrued from this restoration initiative through increased catches of seafood, rising by
40% between 1991 and 1994. This community-based action has spread to influence restora-
tion beyond Thailand by way of the Mangrove Action Project (MAP) and is a case of the
grassroots influencing an environmental NGO.

Recognizing that grassroots action is effective and sustainable is an important first step for
those involved in restoration of natural capital. It should also be recognized that efforts to im-
pose restoration solutions on unwilling communities could be counterproductive. Educa-
tion, awareness raising, capacity building, and empowerment are all expressions used by
those in the NGO sector to describe what needs to be done to assist communities to restore
their natural capital. Making people conscious of the desirability of restoration is generally
linked to making them aware of the livelihood benefits it can provide to them and their fam-
ilies. For researchers, decisionmakers, and practitioners, this means identifying the problems
and solutions associated with restoration and communicating them clearly and simply to
communities and grassroots organizations. There is also value in lobbying governments for
supporting funds, as has happened with the Land Care funding in Australia and New
Zealand.

The Corporate Sector’s Contribution to the Restoration of Natural Capital

The private or corporate sector has traditionally been regarded as the perpetrator of environ-
mental degradation and an agent of natural capital destruction. Over the last twenty years,
corporations such as BP, Exxon, and Anglo American have attempted to paint a greener pic-
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ture of themselves and how they operate. Although much remains to be improved, it is in-
controvertible that many businesses have attempted to change their stance on the environ-
ment and to at least appear to be more understanding of environmental issues. There is little
doubt that governmental and public pressure has resulted in a change of corporate behavior.
Corporate social responsibility (CSR) has, in the early part of the twenty-first century, be-
come common currency in business jargon, and it is rare to find publicly listed companies of
any size operating without some form of CSR policy. CSR covers a plethora of issues, from
child labor to the emissions of noxious chemicals, and it is a mechanism by which companies
can become directly involved in addressing the effects of their business on the environment
(i.e., the environmental footprint), or as a way to demonstrate corporate “goodness” by ad-
dressing an environmental problem unconnected with the company.

The drivers for companies to operate in a more sustainable manner and/or to become in-
volved in restoration of natural capital were identified in 2001 by Price Waterhouse and
Coopers: (1) stakeholder expectation, which encompasses reputational risk; (2) policy and
market incentives, including governmental regulation and consumer awareness; (3) chang-
ing contexts, with the use of improved technology and alternative materials; and (4) business
imperatives, through increased shareholder value and access to capital. Of these, the princi-
pal driver was reported to be shareholder value. Yet, restoration is one of many components
of being environmentally sustainable, and just because a corporation claims to be environ-
mentally sustainable does not mean that it supports, practices, or is even aware of restoration.
The main focus on sustainability within companies is generally with legislative compliance,
also termed the license to operate, and to a lesser degree with the local environment and com-
munities affected by company business. 

Though the restoration of natural capital, that is, restoration integrated with societal wel-
fare, is not on the radar screen of many firms, evidence exists that this notion is changing.
Here we offer two such examples of private concerns that endeavor to be world leaders, in all
respects. 

First, Alcoa World Alumina Australia operates the largest bauxite-producing mine in the
world: the Huntly Mine situated in the Darling Range of southwestern Australia. This mine
is located in jarrah (Eucalyptus marginata) forest within the Perth city water supply. Jarrah
forest has high conservation value, containing at least 784 plant species, and is managed by
the state government for multiple uses, including water, timber, and recreation. Since 1966,
Alcoa has carried out restoration of mined land, with some 550 hectares mined and restored
annually. This, in the first instance, was by establishing plantation forestry on reclaimed
land; with time, the effort has become more sophisticated and they are now attempting to re-
store functioning jarrah forest ecosystems. Alcoa maintains that they are doing this restora-
tion because they believe that as a company they need to exceed public and regulatory ex-
pectations and to demonstrate procedures of best practices for restoration. In recognition of
this restoration effort Alcoa has been rewarded by being included in the United Nations En-
vironment Program’s Global 500 Roll of Honor (1990) and was awarded the Model Project
Award by the Society for Ecological Restoration International in 2003 (http://www.ser.org/). 

Second, QIT Madagascar Minerals (QMM) is a Malagasy company that is a partnership
between the government, thorough the Office des Mines Nationales et des Industries Strate-
giques de Madagascar, and the international mining company, Rio Tinto PLC, United King-
dom. The littoral forests that stretch along the eastern coastal plain of Madagascar have
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largely been reduced to small patches (Consiglio et al., 2006), but they are biologically di-
verse and rich in endemics. The majority of littoral forests grow on sand, and in some areas in
southern Madagascar these sands have been found to be rich in heavy minerals, including il-
menite, a source of titanium dioxide. In 1986, QMM identified a series of sites along the
southern coastal plain as appropriate for mining ilmenite, but some of the significant mineral
deposits were beneath some of the last remaining littoral forest patches, some intact and oth-
ers variously degraded. The environmental plan developed by QMM included the compila-
tion of a comprehensive biological inventory of both plants and animals in three forested
areas surrounding the communities of Petriky, Mandena, and Sainte Luce (Vincelette et al.
2003). The approximately 60 hectares of forest at Petriky and 160 hectares at Mandena were
both degraded, but the nearly 430 hectares in the area of Sainte Luce were still largely undis-
turbed. The inventory aimed to identify those species of greatest conservation concern, espe-
cially those either endemic to the region or already deemed to be threatened or endangered,
and the restoration plan includes the goal of maintaining a full complement of the native
plants identified in the biological surveys through reforestation efforts in the region. Refor-
estation will include both native and nonnative plants that can be used by the populations in
each village to supply fuelwood, foods, and medicinal plants. Thus the restoration planned,
as mining begins in 2006, will meet both the needs for preservation of biological diversity in
the region and provision of useful natural resources that may be sustainably used by local in-
habitants of the area.

Whether the exemplary efforts of Alcoa or QMM to rebuild natural capital at mined sites
have increased their net worth or shareholder value, or whether it has allowed the companies
a more flexible license to operate, is not clear. What is clear though is that some companies
have started to go above and beyond regulatory standards on their own accord, with respect to
the restoration of natural capital.

Why would these companies restore natural capital? A review of incentives that would en-
courage companies in extractive industries, such as mining, forestry, and agriculture, to fol-
low the lead of companies such as Alcoa and QMM determined that there were three types
of corporate incentives: cost incentive, reputational incentive, and market incentive (Greig-
Gran 2002). Of these, cost was regarded as the most powerful, with respect to the mining
 sector.

Unintended Restoration

Unintended restoration of natural capital can occur through various means; here we name
four examples: (1) by the removal or exclusion of people from land in war, such as the forest
expansion as a result of land mines in Gorongosa in Mozambique or the “accidental para-
dise” created in the demilitarized zone between North Korea and South Korea; (2) by an-
thropogenic catastrophe, such as the forest expansion around Chernobyl as a result of ra-
dioactive leakage;  (3) by natural catastrophe, such as the destruction of shrimp farms in
Tamil Nadu by the 2004 tsunami; or (4) through accident or neglect, such as abandoned
land on postindustrial sites and former agricultural land left by the rural poor who have mi-
grated to urban centers for employment. None of these instances can be regarded as having
been based on “incentives,” yet they are agents of restoration and have resulted in a poten-
tially greater scale of natural capital restoration than planned and incentivized activities. 
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Native hardwood forests across the Appalachian Mountains in the northeastern United
States have regenerated after deforestation in the late nineteenth century by mining, railroad
expansion, and timber extraction. The recovery of this secondary forest was unplanned and
resulted from declining human pressure, but by the early twentieth century, conservation
laws were being enacted to protect the recovered forests. The same process is occurring in the
montane regions of the Alps of central Europe where a decline in traditional livestock graz-
ing in alpine pastures is resulting in an expansion of secondary and scrub forests, fostering
concerns regarding the diminishing area of species-rich alpine meadows. This concern re-
flects the choices that often need to be made in the restoration of natural capital—not all “re-
covery” may be good for biodiversity, for ecosystem services, or for human culture and sur-
vival. The policy of the Cinque Terre National Park in Italy, which seeks to restrict the
advance of natural maquis vegetation in a largely abandoned “constructed landscape” of agri-
cultural terraces, is a case in point. This landscape is designated as a UNESCO World Her-
itage Site because of its unique cultural value. But the encroaching maquis was also under-
mining the stability of the terraces and increasing the threat of landslides on the villages
below them.

The Chernobyl nuclear disaster in the Ukraine resulted in a human catastrophe on a mas-
sive scale. The thirty-kilometer exclusion zone around the Red Forest, from which most hu-
mans have been displaced, has experienced an explosion in numbers and species of plants
and especially animals. Lynx, Przewalski’s horse, wolves, brown bears, and eagle owls (Bubo
bubo) have increased in number with an expansion of birch forest. Although natural
processes appear to have recovered, radiation may be taking a toll on the genetics of plants
and animals and may change species in ways we cannot yet appreciate. 

Likewise, the thirty years of civil war that devastated the human population of Mozam-
bique, notably around the provinces of Sofala and Gorongosa, resulted in a massive expan-
sion of secondary miombo forest. Unfortunately much of this expansion was achieved
through the placing of land mines, and there are still various no go (restricted) areas within
the buffer zone of the Gorongosa National Park. During the war, farmers and villages were
displaced and the trees and vegetation recovered. However, over 20,000 buffalo and many
thousands of elephants and large mammals were killed to feed soldiers and local people. The
consequence of this is the recovery of the vegetation without functioning populations of key-
stone species. Just taking people out of the landscape does not automatically lead to “restored
ecosystems.” 

Contribution

The notion of restoring natural capital has growing support from both the scientific and
 policy-making communities, and nonmonetary mechanisms (regulations, NGOs, grassroot
movements, and corporate action) can provide significant and positive incentives for res-
toration activities. Yet, the examples given in this chapter also show there is significant over-
lap with monetary incentives (such as subsidies, taxes, and market-based instruments—
chapter 32), and both produce value and financial gains for commercial activities. Care
should be taken to distinguish between positive incentives and perverse incentives (such as
the positive examples covered in Daily and Ellison (2002) versus the perverse outcomes re-
sulting from agricultural subsidies and war). The examples presented here also demonstrate
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that unintentional regeneration may add significantly to the changes required to preserve the
base of natural capital. Acknowledging both and encouraging the positive while working to
eliminate the perverse is urgent. 

A comprehensive inventory of restoration projects, including their outputs and outcomes,
would be valuable in educating and informing decisionmakers and policymakers about the
desirability of injecting a greater urgency and more resources toward restoration efforts.

The scale and frequency of restoration activities attributable to nonmonetary mecha-
nisms is a measure or indicator of the value that society places on rectifying human impacts
on the environment; they demonstrate that communities and societies are starting to recog-
nize the effects of resource degradation and acknowledge the need for restorative action. The
“market” is starting to vote through its actions. This augurs well for the need to mainstream
the restoration of natural capital, the theme of the next chapter.
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part iv

Synthesis

This final section of the book comprises two chapters. The first focuses on the importance of
mainstreaming the restoration of natural capital, highlighting the fact that restoration is be-
coming an essential intervention. If the earth is to continue to sustain the human species,
then restoration planning should be part of every development plan, national budget, and
global convention. It should be taught in schools, practiced in rural and urban areas and dis-
cussed in boardrooms. To communicate widely about the importance of natural capital, it is
necessary to quantify its spatial distribution and its value to humans. Cowling et al. stress the
importance of planning and coordination among initiatives for restoring natural capital, so
that maximum benefits can be obtained from this investment. 

In the final chapter Milton et al. synthesize the issues that emerged in the book around
four themes. These are (1) the valuation of natural capital loss and the restoration activities
needed to regain it; (2) the challenge of setting appropriate targets, developing workable ap-
proaches, and measuring progress toward natural capital recovery; (3) the need for prioritiza-
tion and planning of restoration at various scales; and (4) the importance of collaboration and
buy-in for successful restoration. 

The synthesis concludes with a call for collaborative action. Natural capital is being de-
pleted worldwide. There are no hidden reserves, but we can sustain what we have through a
culture of restoration built on an understanding of the real value of natural capital.
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Chapter 34

Mainstreaming the Restoration of Natural Capital:
A Conceptual and Operational Framework

Richard M. Cowling, Shirley M. Pierce, 

and Ayanda M. Sigwela

Protected areas alone will never achieve all of the goals and targets required to ensure the
persistence of the world’s natural capital (e.g., Rosenzweig 2003) and the delivery of services
that intact ecosystems supply (Kremen and Ostfeld 2005). Consequently, the burden of con-
serving (and restoring) natural capital will have to fall increasingly on sectors such as agricul-
ture, transport, forestry, mining, and urban development (e.g., Hutton and Leader-Williams
2003). The mainstreaming of biodiversity concerns is one strategy used by the conservation
community to respond to the challenge of ensuring the persistence of natural capital and
ecosystem services in utilized landscapes (Pierce et al. 2002; Petersen and Huntley 2005a). In
essence, mainstreaming may be defined as the process of creating awareness of the value of
natural capital in sectors that currently ignore or discount it, to the extent that they will in-
corporate conservation actions into their routine activities. 

A key conservation action in production landscapes is the restoration of degraded or trans-
formed natural capital, as has been pointed out in many of the chapters in this book. Our aim
here is to provide a conceptual and operational framework for mainstreaming the restoration
of natural capital in production landscapes. 

What Is Mainstreaming?

Although mainstreaming is a relative newcomer to the biodiversity and natural capital lexi-
con, it is an important one, since mainstreaming is a component of the institutions and strate-
gies of some major global biodiversity initiatives. For example, the concept is embedded in
several articles of the Convention on Biological Diversity (ratified 1995). It also underpins
the ecosystem service approach of the Millennium Ecosystem Assessment (MA) and is the ex-
plicit objective of the Strategic Priority 2 of the Global Environmental Facility’s GEF-3
(2004) Program of Work: “Mainstreaming biodiversity in production landscapes and sec-
tors—to integrate biodiversity conservation into agriculture, forestry, fisheries, tourism, and
other production sectors in order to secure national and global environmental benefits” (Pe-
tersen and Huntley 2005b). Undoubtedly mainstreaming initiatives will attract considerable
resources from funding agencies over the next decade.

According to Petersen and Huntley (2005b) the objective of mainstreaming is “to inter-
nalize the goals of biodiversity conservation and sustainable use of biological resources into
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economic sectors and development models, policies and programs, and therefore into all hu-
man behavior.” Cowling et al. (2002) identified the following list of desired outcomes of
mainstreaming:

• The incorporation of biodiversity considerations into policies governing sectoral 
activities

• The simultaneous achievement of gains in biodiversity and in the economic sector
(the win-win scenario)

• Sectoral activity being recognized as based on, or dependent on, the sustainable use of
biodiversity

• Situations where sectoral activities result in overall reversal of biodiversity losses

Viewed as a process, mainstreaming is a means to spread the responsibility and benefits of
conserving biodiversity and restoring natural capital across a diverse range of sectors. This re-
quires the identification of scenarios that provide benefits for both the natural capital and the
targeted sector, and the implementation of actions (for example, the creation of institutions,
including incentives) that enable responsible bodies to accomplish these scenarios.

Mainstreaming interventions may happen at all scales of organization and geography,
from encouraging backyard conservation of natural capital in a neighborhood to the impact
of a multilateral environmental agreement on the global ocean-transport system. Further-
more, a wide range of actors will bear the costs and enjoy the benefits, material and spiritual,
associated with mainstreaming, and these will accrue over short and long timescales (Pe-
tersen and Huntley 2005b). 

There are very few documented cases of effective mainstreaming. Pierce et al. (2002) pro-
vide examples from South Africa, and Peterson and Huntley (2005a) from elsewhere in the
world. Others, although not explicitly conceptualized as such, appear in Daily and Ellison
(2002), Swingland (2003), and Rosenzweig (2003). Pierce et al. (2005) provide a case illus-
trating how conservation priorities can be mainstreamed into land-use planning through in-
terpretation of scientific products into user-friendly, user-useful maps and guidelines. In ad-
dition, Knight et al. (2006) describe how mainstreaming can be integrated into a framework
for implementing actions aimed at securing conservation priorities. The latter two are exam-
ples of conservation actions that enable or facilitate the restoration of natural capital by iden-
tifying restoration priorities.

Conceptual Framework for Mainstreaming the Restoration of Natural Capital

A conceptual framework for restoration boils down to identifying a model of the desired land-
scape; in other words, what mix of land uses and economic flows are required to meet the
needs of different stakeholders (Salafsky and Wollenberg 2000)? Restoration implemented in
an ad hoc manner is likely to fail in achieving desirable outcomes (Hobbs and Norton 1996;
see also chapter 3), as has been shown for the ad hoc implementation of other conservation
actions, such as the location of protected areas (Pressey 1994). Therefore, prior to restoration
intervention, stakeholders need to identify an appropriate landscape model characterized by
requirements for sustaining biological patterns and processes, and for supporting human
needs. Effective restoration requires explicit goals and targets (e.g., Hobbs and Norton 1996)
identified in a way that is consistent with a specific landscape model. 
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For the mainstreaming of restoration to happen, the landscape model must facilitate the
identification of plausible and compelling win-win scenarios. Thus, farmers must be con-
vinced that the direct and opportunity costs of restoring native, natural capital on their farms
will be outweighed by the benefits of such restoration, for example, in enhanced production
through improved pollination services or reduced soil erosion (e.g., Kremen and Ostfeld
2005). Similarly, restoration interventions aimed at achieving nature conservation goals
should be guided by the achievement of explicit and defensible targets for biodiversity fea-
tures, which are set in the process of systematic conservation planning (Pressey et al. 2003). 

While there has been much written on conceptual frameworks, goals, and targets for res-
toration (e.g., Hobbs and Norton 1996), the obvious link between restoration and the system-
atic, target-driven, conservation planning of landscapes (Margules and Pressey 2000) has
only recently been made (e.g., Pressey et al. 2003; Crossman and Bryan 2006). Systematic
conservation assessments identify those areas of transformed or degraded natural capital that
are required to achieve targets for the conservation of both biodiversity patterns (e.g., species,
land classes) and processes (e.g., migration corridors). These areas then become defensible
priorities for restoration, as illustrated by Crossman and Bryan (2006) for agricultural land-
scapes in Australia.

A similar systematic approach is required for the restoration of natural capital for ecosys-
tem service delivery (e.g., Kremen and Ostfeld 2005; Pierce et al. 2005). A few conservation
assessments have targeted and incorporated the spatial components of ecosystem services
(e.g., Rouget, Cowling, et al. 2003). However, a great deal more research is needed before we
can make significant progress in the restoration of natural capital: (1) the natural capital—
both intact and degraded—in a particular planning domain needs to be identified and
mapped in consultation with those stakeholders who are direct beneficiaries of the services it
delivers; (2) the benefits derived from these services and their flows to specific beneficiaries
need to be quantified and displayed in ways that are meaningful to stakeholders; (3) targets
need to be set for each component of the region’s natural capital in a way that is consistent
with a landscape model (for example, a certain number of hectares of healthy watershed are
required to ensure a sustainable water supply over a specified period); (4) target shortfalls
should be identified as priorities for restoration; and (5) mechanisms should be sought to
mainstream the restoration of these areas into those sectors that benefit from the services pro-
vided by the natural capital.

The major advantage of systematic restoration to achieve the goals for a specific landscape
model is that it is target driven and, therefore, defensible, efficient, and effective (Crossman
and Bryan 2006). These attributes are likely to greatly facilitate mainstreaming, especially
when the actors are cash-strapped government agencies or profit-motivated corporations. 

An Operational Framework for Mainstreaming the Restoration 
of Natural Capital

Cowling et al. (2002) developed an operational framework for mainstreaming biodiversity,
informed by eleven South African case studies presented in Pierce et al. (2002). The frame-
work is sufficiently broad to accommodate restoration interventions; along with the establish-
ment of protected areas and effective soil and water conservation, restoration is another tool
for conserving biodiversity. The framework comprises four major components: 
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1. Prerequisites essential for mainstreaming to take place
2. Stimuli, external and internal to the sector, that catalyze awareness of the need for

mainstreaming
3. Mechanisms that initiate, enable, or drive mainstreaming
4. Outcomes that are measurable indicators of the effectiveness of mainstreaming

In the framework, the mainstreaming process was described as follows: “Given that cer-
tain prerequisites are in place, a set of specific stimuli can catalyse activities which then lead
to the identification of appropriate mechanisms, with the net result that effective main-
streaming, as measured by outcomes, will happen” (Cowling et al. 2002). 

Prerequisites
The prerequisites most frequently cited by the case studies were concern, awareness, and
knowledge of biodiversity issues, adequate capacity, and good governance (see also Cowling
2005). The list of prerequisites is consistent with those identified in the lessons learned for
enabling effective, community-conservation interventions (e.g., Wells and Brandon 1992; In-
field and Adams 1999). 

Stimuli
A major stimulus for mainstreaming biodiversity in South Africa was the establishment of
democratic and accountable governance after 1994, which all case studies cited (table 34.1).
For the first time, South Africa’s global biodiversity contributions and responsibilities were
formally acknowledged, and access to support from international agencies was possible.
More important, however, the new politicians and civil servants were committed to demo-
cratic practices and open to biodiversity as a source of socioeconomic development. As a re-
sult, there were opportunities for participation by civil society in developing legislation and
policy that were biodiversity-friendly. The general point here is that democratic and ac-
countable governance is essential for achieving success in a process as complex as biodiver-
sity conservation (Stephens et al. 2002). Other frequently cited stimuli were (1) a decline in
resources (see also chapter 6) and the concern this caused, and (2) the identification of so-
cioeconomic incentives for biodiversity conservation (e.g., in the burgeoning tourism sector
since 1994). Indeed, the linkage to socioeconomic delivery is, and will remain, a key stimu-
lus for mainstreaming biodiversity, especially in the developing world.
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table 34.1 

Most frequently cited elements associated with a framework for mainstreaming biodiversity 
Prerequisites Stimuli Mechanisms

Democratic and accountable Improved governance Effective communication
governance Resource decline Strengthening institutional capacity

Concern, awareness, and knowledge Socioeconomic incentives Enabling legislation and policy
Organizational and institutional 

capacity

Source: Developed from the analysis of South African case studies (Cowling et al. 2002).
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Mechanisms
Interestingly, the most frequently cited mechanism for mainstreaming biodiversity in the
South African case studies was effective communication with key stakeholders (table 34.1),
including politicians. While communication was invariably part of a package of mechanisms
(the others most often being capacity strengthening and the development of enabling legisla-
tion and policy), the case studies showed convincingly that communicating the issues in a
language that was comprehensible and compelling to stakeholders was absolutely essential
for initiating the implementation of mainstreaming actions (see also chapter 29). Others
have also emphasized the importance of appropriate and compelling communication in ef-
fecting behavior change regarding biodiversity conservation (e.g., Anderson 2001; Schulz
and Zelezny 2003). 

Outcomes
The mainstreaming outcomes most frequently cited were incorporation of biodiversity issues
into sector policies; simultaneous biodiversity and sector gains (win-win); net biodiversity
gains exceeding net biodiversity loss through sector activities; and sector activity being based
or dependent on sustainable use/management of biodiversity. In all instances, concerns for
biodiversity issues were incorporated into routine activities of the specific sector (Pierce et al.
2002). The measurable indicators of these outcomes need to be monitored in order to assess
the effectiveness of the mainstreaming interventions. 

A Restoration Example
South Africa’s Working for Water Project (see also chapter 22), arguably the largest restoration
program in the developing world (van Wilgen et al. 1998), illustrates well the operational
framework for mainstreaming (van Wilgen et al. 2002). The conceptual framework envisages
restored landscapes that more effectively deliver an ecosystem service—principally water—to
the many sectors that depend on this service. The overall goal of this project is to eradicate
populations of invasive alien plant species that demand water and suppress native biodiver-
sity, to secure sustainable water supplies from watersheds, and in doing so empower (through
job creation and training) a section of the large number of unemployed and otherwise mar-
ginalized South Africans. The project, therefore, seeks to ensure the provision of an ecosys-
tem service in a sustainable and cost-efficient manner but also achieves goals for equity and
biodiversity conservation—a win-win-win (van Wilgen et al. 2002). 

The prerequisites for the rapid and effective mainstreaming of the project into the na-
tional Department of Water Affairs and Forestry were as follows. First, there was a long history
of concern for, and considerable awareness and a significant scientific understanding of, the
impacts of invasive alien plant species on water supplies and biodiversity (van Wilgen et al.
2002). Second, there was sufficient capacity to both devise and implement a project that
would address the problem. It was thus possible for scientists and managers to present a com-
pelling case to stakeholders.

With regard to stimuli, improved governance post-1994—as discussed earlier—played a
key role in mainstreaming this restoration project (van Wilgen et al. 2002). So, too, did the
alarm aroused by dwindling water supplies to some of South Africa’s largest cities that were
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experiencing unprecedented population increases as a result of massive migration after the
abolition of the apartheid legislation in the early 1990s. Moreover, given the establishment of
a democratic state in 1994, the social and economic benefits of the project were hugely ap-
pealing to newly instated government officials, who were very keen to deliver benefits at an
early stage of their appointments.

Effective communication to key stakeholders—in this case, politicians and officials in the
Department of Water Affairs and Forestry—was a key mechanism employed to mainstream
the project (van Wilgen et al. 2002). Another important mechanism for mainstreaming the
project in other sectors (e.g., agriculture, local government) was the promulgation of legisla-
tion that spelt out obligations for restricting further plantings, as well as invasive alien plant
eradication. However, although capacity was strengthened sufficiently to launch, maintain,
and grow the project, available capacity falls far short of the requirement to mainstream inva-
sive alien plant control in other sectors, as required by legislation. Until this is done, invasive
alien plants will continue to overwhelm many South African landscapes that fall outside of
key watershed areas.

Constraints for Mainstreaming the Restoration of Natural Capital

Implementing mainstreaming is not an easy task in developed and developing countries.
Governments place emphasis on policies that foster rapid economic growth and do not con-
sider the full costs of degrading natural capital. Some obvious constraints acting on main-
streaming include poor governance (Smith et al. 2003), weak capacity of organizations and
institutions in all spheres of government and civil society (e.g., Wells and Brandon 1992; In-
field and Adams 1999), a lack of scientific knowledge about biodiversity issues (Raven and
Wilson 1992), and a lack of technology skills needed for efficient and cost-effective restora-
tion. Other constraints—less widely documented—include economic paradigms that ignore
or discount the value of natural capital (chapters 2 and 3), and a dwindling awareness and
concern among most people of the value of natural capital for their livelihoods (see also
chapters 29 and 30). 

Governance, Capacity, and Knowledge
First, if mainstreaming restoration is to be effective, then governance structures and capacity
have to be adequate to implement the requisite projects. Intervening at this level is usually
unattractive to donor agencies, is often politically risky, and can consume a great deal of time
and money. Second, more attention needs to be given to understanding the spatial and pro-
cess ecology of ecosystem services (Kremen 2005), and the complex benefit streams they pro-
duce. Furthermore, ecosystem scientists, restoration ecologists, and economists need to con-
sider the implementation context of their research and engage the assistance of stakeholders
in framing their research questions (Sayer and Campbell 2004).

To generate knowledge on the importance for human well-being of natural capital and its
restoration, researchers, enablers, and implementers will need to work in interdisciplinary
teams, making a conscious effort to fuse new knowledge systems by breaking down the artifi-
cial borderlines among existing ones. The emergence of ecological economics (Costanza et
al. 1991) and conservation psychology (Saunders 2003) are promising steps toward achieving
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the transdisciplinarity (Max-Neef 2005) that we so desperately need to implement projects
that address complex problems such as mainstreaming. However, much more remains to be
done about integrating the social sciences and humanities with ecosystem and restoration
 science.

Inappropriate Economic Paradigms
Another major constraint operating on mainstreaming restoration is the pervasive economic
paradigm that places primacy on unrestrained economic growth, in the sense that the rhythm
and run of market economies are inherently in conflict with those of ecosystems (Orr 2002).
According to Orr, “Markets, driven by the logic of self interest, are intended to maximize
profits and minimize costs for the owners of capital in the short term. Ecosystems, in contrast,
operate by the laws of thermodynamics and processes of evolution and ecology that are
played out over the long term” (107). In short, the national and international goals of eco-
nomic growth and sustainable natural resource management (including restoration) are fre-
quently in conflict (Czech 2003; see also chapter 2). There are, of course, cases where the
sustainable management of a resource is compatible with market forces (Adams and Hulme
2001), or where the introduction of incentives can effectively secure sustainability of natural
resource use (Hutton and Leader-Williams 2003). We need to learn from these cases but also
acknowledge that market economies that discount ecosystem services are unlikely to provide
incentives for the restoration of natural capital (see chapters 26 and 32).

Dwindling Awareness of the Importance of Natural Capital
Another constraint acting on mainstreaming is the dwindling awareness among the citizenry
of most countries of the world, especially many developed ones (e.g., Orr  2002), of the im-
portance of natural capital and the ecosystem services it provides. In today’s highly urbanized
world of short attention spans and vicarious thrills, people have become disconnected from
nature (e.g., Miller 2005). The human–biodiversity connection may be stronger in develop-
ing countries where many people still have regular contact with, and dependence upon, wild
nature. However, with increasing urbanization and the global expansion of the consumer
culture, circumstances are changing rapidly in even the most remote parts of developing na-
tions. How can we hope to mainstream the restoration of natural capital when most people
have no idea of the importance of natural capital in their daily lives (see also chapter 29)?

Related to this dwindling awareness of the importance of natural capital to human well-
being are two other issues. First, we need to understand what motivates people to discount
the future by ignoring the hugely negative impacts of unmanaged population growth and
massive overconsumption on the ecosystem services that underpin their own and their off-
spring’s survival (e.g., Winter and Koger 2004). Penn (2003) argues cogently that major ad-
vances in this understanding can be achieved by considering the evolutionary roots of hu-
man behavior; in particular; the instinctive nature to exploit short-term interests needs to be
curbed. This can be achieved by harnessing, via social pressure, the equally instinctive desire
to punish individuals and organizations who behave unfairly and exploit collective interests
by, for example, appropriating or despoiling more than their rightful share of limited natural
resources. 
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Second, instead of emphasizing biodiversity per se in efforts to promote awareness of, and
concerns for, the plight of the earth’s natural capital, we should also focus on the services that
these provide for human well-being (Daily 1997), and we should do this in a context that is
local and immediate rather than global and remote. Doing this can create opportunities to
communicate messages that yield anecdotes and stories that might appeal to human self-
 interest. These might therefore wield a greater influence on behavioral change in some indi-
viduals than might probabilistic statements on extinction rates of obscure species in distant
land- and seascapes (e.g., Penn 2003; Winter and Koger 2004).

Contribution

Overcoming the constraints on mainstreaming represents a major challenge. The restoration
of natural capital has various key advantages since this process is linked directly to the deliv-
ery of ecosystem services; consequently, it should be easier to identify win-win scenarios and
therefore ensure participation of important stakeholders. Nonetheless, it is necessary to invest
in overcoming barriers to mainstreaming before initiating any major interventions. This will
be a long and difficult process, not suited to the short timeframes and logical frameworks so
important to governments, nongovernmental organizations, and donors. However, prepared
or not, we must continue to work toward solutions by being innovative, reflective, adaptable,
and patient.
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Chapter 35

Restoring Toward a Better Future

Suzanne J. Milton, James Aronson, and James N. Blignaut

This book brings together economists and ecologists who have collaborated on the science,
business, and practice of restoring natural capital. Such collaboration is essential to raise
awareness of the urgency of replenishing the natural capital stocks now limiting develop-
ment, to recharge or revitalize the income flow arising from them, and to reduce global de-
mands by people on ecosystem goods and services (Aronson, Blignaut, et al. 2006). To quote
from Bill McKibben’s (1989) book The End of Nature, “In the course of about a hundred
years our various engines and fires have released a substantial amount of the carbon that has
been buried over time. It is as if someone had scrimped and saved his entire life, and then
spent every cent on one fantastic week’s debauch. We are living on our capital. . . . It is like
taking that week’s fling, and, in the process, contracting a horrid disease.”

Aronson and van Andel (2006) identified the failure of economic systems to value natural
capital as one of the major challenges for restoration. Blignaut and de Wit (2004) called this
same failure “one of the major challenges for ecological economics.” The vision throughout
this book is that the value of restoring the goods and services of nature must be demonstrated
and realistically accounted for, because in this densely populated world, both conservative
use of natural capital and its continual repair are needed to sustain life-support systems. For
natural capital and its restoration to be incorporated into budgets at all levels of decision mak-
ing, the concept of restoring natural capital should be widely understood, valuation methods
established, and working models made easily accessible to decisionmakers. 

In the first section of the book, which deals with the meaning of, and rationale for, restor-
ing natural capital, we make it clear that the concept is broader than that of ecological resto-
ration. In common with ecological restoration, natural capital restoration is intended to re-
pair the health, integrity, and self-sustainability of ecosystems for all living organisms. The
critical difference is that natural capital restoration focuses on defining and maximizing the
value of such restoration while enhancing the well-being of people. The restoration of natu-
ral capital embraces both anthropogenic and natural ecosystems. Moreover, restoration proj-
ects are designed to build stocks of natural capital that will produce self-sustaining flows of
ecosystem goods and services; they contribute to the physical, cultural, and psychological fac-
tors that define human well-being. Natural capital restoration complements but does not re-
place nature conservation and ecological restoration.
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The second section of the book presents case studies that discuss targets, approaches, and
economic opportunities embedded within the restoration of natural capital at the local level.
The final section considers widely applicable guidelines on valuation, understanding, and
overcoming physical and socioeconomic barriers at individual project, national, and global
levels, and documents policies and institutions contributing to successful restoration.

There are four themes woven throughout the book: (1) the valuation of natural capital
loss and the restoration activities needed to regain it; (2) the challenge of setting appropriate
targets, developing workable approaches, and measuring progress toward natural capital re-
covery; (3) the need for prioritization and planning of restoration at various scales; and (4) the
importance of collaboration and buy-in for successful restoration. 

Values and Valuation 

Manufactured capital is derived from natural capital. For this reason, species, habitats, and
ecosystem services are all eroded by economic development based on the transformation of
natural capital to manufactured and financial capital. Farley et al. (chapter 31) point out that
the twentieth century has seen a thirty-six-fold increase in the rate at which raw materials are
extracted, transformed, and returned to the ecosystem as waste. The rate of transformation of
natural areas decreases once the more productive areas have been cultivated or otherwise ex-
ploited (chapter 6), but given the growth in the human population, and in consumption
rates, it is unlikely that transformation will cease within the foreseeable future. Globalization
enables nations to subsidize their consumption by importing resources from poorer nations
without paying environmental costs. This works against conserving and restoring natural cap-
ital (chapter 26).

Blignaut et al. (chapter 2) point out that values are imposed partly by ethics and partly by
economic systems. Valuation of services such as water purification, goods such as firewood,
and the diversity, beauty, and spirituality of living organisms and landscapes differs among in-
dividuals and among nations. However, at the global level there is an urgent need to reduce
the demand made by the world’s enormous, and rapidly growing, human population on eco-
system goods and services. At the same time, we must invest in supplementing life-support
services and natural resources. When critical natural capital approaches the lower threshold
needed to sustain humanity, restoration of natural capital becomes imperative and indepen-
dent, at least partially, of conventional monetary valuation (chapter 3). This fact must be rec-
ognized and acted upon, at village, national, and global scales, in order to retain and aug-
ment sufficient capital to support present and future human societies. 

Where natural capital remains above critical levels, its restoration and replenishment are,
at present, considered optional, and decisions depend on marginal costs and benefits. How-
ever, as Norgaard et al. (chapter 5) point out, the costs and benefits of exploitation and of res-
toration differ with scale and are not equally borne among individuals. For example, mining
companies benefit directly by mining, not by restoration of vegetation. On the other hand,
living near an unrestored mine costs local people their health or livelihoods, although they
receive no benefits from the enterprise. Moreover, costs of restoration are often beyond the
ability to pay of those who most stand to benefit (chapter 23). In such cases particularly, the
costs and benefits of restoration should be assessed from a national perspective. Regardless of
scale, a holistic evaluation is necessary, since people are motivated to invest in restoration for
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various reasons (Clewell and Aronson 2006), just as they generally make decisions based on a
range of individual and collective values, including, but not limited to, monetary ones.

Nature will flourish without humans (chapter 26), but humans cannot survive without
nature. This fact needs to underpin decisions and planning in all sectors of society, and a
grassroots environmental or civic pride movement is clearly insufficient to change the way
people and nations value and manage natural resources and flows of ecosystem services. The
solution is to mainstream (viz., chapter 34) the appreciation and valuation of natural capital,
through education, public policy, and pricing, to ensure that the links between nature’s ser-
vices (sensu Daily 1997) and stocks of natural capital are understood and paid for even by city
dwellers remote from natural environments. The increase in manufactured capital needs to
be offset against the declines in natural capital, external costs need to be internalized, and
perverse subsidies and incentives that lead to overconsumption of ecosystem services need to
be eliminated (chapter 30). 

Targets, Approaches, and Assessment

Global targets for natural capital restoration, for example, the prevention of further global
warming, desertification, and species losses (MA 2005a), are generally fewer, clearer, and
simpler than local targets. Local-scale priorities are highly diverse, depending on the needs
and expectations of particular communities in different cultures. For some the restoration of
aesthetic and spiritual qualities or heritage values of sites or landscapes might be a priority.
Others might place more value on return of rare species and habitats, or biodiverse, self-
 sustaining ecosystems that produce flows of food, forage, fuel, medicine, healthy air, water, or
other tangible products

Technical approaches vary with project goals, scope, financial, and manpower resources.
A sound scientific basis for restoration is obviously desirable (see, for example, chapters 10,
13, and 21), and interinstitutional collaboration, government, and international support can
be helpful in advising and funding restoration. But whatever the project, and however small
or large the scale, case studies from around the world insist that winning public support, par-
ticularly from those whose daily lives are affected by restoration activities, is crucial for proj-
ect sustainability and success. Success stories from Hawaii, India, Madagascar, New Zealand,
Scotland, South Africa, and the United States show how participatory setting of restoration
targets and achieving local buy-in to restore natural capital can be achieved (e.g., chapters 8,
12, 14, 16, 17, 20, and 25). 

Monitoring progress is fundamental to good management and for making decisions about
investment of public funds (Ferraro and Pattanayak 2006), yet there is still much debate
about how the restoration of natural capital can best be assessed. Natural science is increas-
ingly mathematical and quantitative. For example, ecologists count species, weigh natural
products harvested from restored ecosystems, and measure air and water quality at landscape
and regional scales, to assess their progress toward restoring natural capital. Economic sci-
ence is also quantitative, and economists can track employment levels, incomes, and expen-
ditures in restored and control areas as indicators of natural capital restoration–project
progress. Changes in well-being are more complex to measure yet essential for restoration
evaluation (see, for example, chapters 8 and 15). Successful restoration of natural capital will
ultimately depend upon changes of attitude, locally and globally, and a reorganization of the
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ways different values are respected or ranked in importance. A major goal of this book is to
mainstream restoration of natural capital; to move toward an economy where nature matters,
and ecology where people matter. Tracking progress toward this larger goal is even more
challenging!

Prioritization and Planning

Restoration activities that are nonessential for immediate human survival compete with other
activities and products for investment of time and resources on the part of governments, non-
governmental organizations, businesses, and private individuals. Ironically, as illustrated by
the case study presented by Aguiar and Roman (chapter 13), areas most degraded by overex-
ploitation are often those where land users are least likely to be able to finance restoration. It
is in these cases that the decision to restore natural capital becomes national or international
and subject to competing demands on public funds.

Factors that reduce economic prioritization for restoration include, for example, the small
size of a damaged area, remoteness from centers of human settlement, and lack of immediate
human health hazards posed by the environmental damage. According to Figueroa (chapter
4) biodiversity issues, such as threatened species and habitat loss, as well as ecosystem services
currently not benefiting human populations, generally play little part in influencing alloca-
tion of national funds for restoration when there are more pressing calls for funding in popu-
lous areas. However, the outcomes of cost-benefit analysis or multicriterion decision-making
processes will vary over time as values change, new information becomes available, and po-
litical and economic pressures shift. The role of community involvement in decisions influ-
encing natural resource management policy, planning, and enforcement is growing in most
countries (chapter 27), and mainstreaming of the natural capital restoration concept could
create a powerful lobby to drive the restoration of natural capital locally and globally. 

The voice of the people in environmental management decisions is growing stronger.
Public awareness of the role that natural systems play in the quality of urban and rural life is
therefore essential for informed and wise prioritization of funding and land-use planning.
Despite the knowledge gaps revealed, the Millennium Ecosystem Assessment report (MA
2005a) should have a major influence on public understanding of environmental issues. An
expected outcome is that natural capital restoration should gain higher prioritization and be-
come a routine part of development planning and budgeting.

Public Support and Collaboration 

Science tells us that current consumption rates are unsustainable, are damaging the global
ecosystem, and will ultimately undermine human welfare, as well as drive many species to
extinction (MA 2005a). However, this knowledge will not necessarily result in restoration and
sustainable living, because the belief that ever-increasing consumption and “economic
growth” are essential to the well-being of the individual and the nation appears to transcend
other beliefs and values globally. As Marais et al. (chapter 29) put it, “a strategy for restoring
natural capital, which prioritizes sustainability over consumption and growth, flies in the
face of this dominant culture.” Changed attitudes and public support are thus essential for
driving the restoration of natural capital.
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In many ways, the restoration of natural capital is an easy concept to market. The mes-
sage, by investing in restoration we can return life-supporting processes to damaged ecosystems
and fragmented landscapes, is not condemnatory, for once, but rather positive and optimistic.
It joins and reconciles the languages of economics and ecology and contributes to socioeco-
nomic development and sustainability. It brings hope and reestablishes links between people
and nature, while recalling the ancient myth of the phoenix rising from the ashes, of life after
death, of ongoing evolution. Often, upon hearing this message, people rally round, roll up
their sleeves, and set to work, together. 

Although ecological restoration has become a recognized business activity (Cunningham
2002), willingness or ability to pay for this service is often limited. Nonfinancial instruments
(chapters 29 and 33), including legislation, social pressure, and business conscience (chapter
19), can be effective. Where these fail, economic instruments, such as tax incentives and
product certification, can facilitate restoration of natural capital (chapter 32). 

The impacts of many small, disconnected, individual efforts to restore natural capital may
have educational value—but their social, economic, and biodiversity outcomes can be
greatly increased through coordinated planning, financing, and implementation (chapters
18 and 34). Although often difficult to achieve, the results of such initiatives are generally
worth the effort.

Final Challenge

Natural capital largely determines the wealth of families, municipalities, and nations. It mo-
tivates wars, exploration, and colonization (Diamond 1997), and the more limiting the re-
source, the greater the investment of the individual or nation in defending or capturing it.
Wars have been fought over land, gold, spices, fish, oil, and water. The outcome of such wars
has historically been transfer of tenure or ownership, followed by more rapid depletion of the
resource. But now that resources are globally depleted compared to a mere century ago
(Aronson, Blignaut, et al. 2006), and ecosystem services are failing to keep pace with human
demands for clean air and water, for example, war is no longer an “appropriate” or acceptable
response. There is no cleaner, richer part of the world left to conquer. At a global scale, our
sample size is equal to one. The costs of transforming natural to manufactured capital (de-
pletion of natural resources) can no longer be transferred from the developed to the develop-
ing nations. The time has come for every nation to invest in protecting and restoring its natu-
ral capital, and for collaboration across all scales in investment and planning to restore to a
better future.
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glossary

active ingredients: Chemicals in plants, fungi, or animals that have some beneficial (e.g., me-
dicinal) and/or toxic action. Sensitivity to the chemicals may be species-specific, i.e. a
sheep may be more or less sensitive than a human being.

adaptive management approach: Management that is informed by research and changes as
new information becomes available.

alien species: Fungi, plants, or animals that are not native to the country or region in which
they are introduced or naturalized. See also invasive alien species.

anadromous fish: Fish that hatch in freshwater, migrate to the ocean to mature, then return to
freshwater to spawn.

apartheid era: Period of South African history (1948–1990) when people of different ethnic
groups were compelled by law to live apart.

assurance bond: Similar to development bond; used when there is uncertainty about the pos-
sible nature and size of adverse environmental effects. The bond is refunded if and when
it is demonstrated that the known potential environmental damages did not occur.

benefit transfer method: Analytical method whereby the values estimated for a specific good
or service elsewhere are directly transferred to the site or operation in question. 

benefit-cost analysis: See cost-benefit analysis.
benefit-cost ratio: See cost-benefit ratio. 
bequest values: Refers to an individual’s willingness to pay to ensure that an environmental re-

source will be preserved for the benefit of his or her descendants. 
biodiversity: Diversity of life at genetic, species, community, ecosystem, and biome levels.
biogeographic characteristics: Factors that determine the distribution of plants and animals,

including history, geography, and the physical environment.
biological control: Control of a pest by the introduction, preservation, or facilitation of natu-

ral predators, parasites, or other natural enemies. 
biophysical functioning: How biological and physical processes work and interact to maintain

ecosystems in a given dynamical trajectory.
breeding system: Breeding behavior characteristic of a population or species (e.g., self-

 fertilization by a plant versus requirement for pollen from another plant of the same
species).
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browser: Any species of large mammal that feeds preferentially on woody plants (shrubs and
trees). Browsers are contrasted with grazers, which are large mammals that feed on herba-
ceous plants such as grasses and forbs.

brush-pack: Branches laid on base ground to trap water and seeds and reduce erosion by wind
and water.

bubble licensing: Licensing scheme under which a firm is issued a license that encompasses
all of its operations and limits its total emissions or other adverse environmental effects.
The firm can then seek to minimize its emissions, etc., in the most cost-effective manner
possible while respecting its social and legal engagements.

cap-and-trade: Method of establishing a market for rival, nonexcludable goods and services.
A ceiling or limit is set on total pollution emitted, or other adverse impact on the environ-
ment, according to certain norms (e.g., total fish captured or other biological resource ex-
tracted). Legal permits are issued for this total limit, and penalties are imposed for ex-
ceeding it. Those firms with the highest value use for pollution and/or the lowest cost of
achieving pollution reduction can trade their permits, theoretically optimizing resource
allocation. 

carbon sequestration: Concept that refers to capturing carbon and keeping it from entering
the atmosphere for some period, under a greenhouse gas reduction program. See also Ky-
oto Protocol. Carbon is sequestered in carbon sinks, such as forests, soils, or oceans.

cardinal measurement: A variable is cardinally measurable if a given interval between mea-
sures has a consistent meaning, i.e., if a measure corresponds to points along a line. For ex-
ample, height, output, and income are cardinally measurable. See ordinal measurement.

cascading effect: Process whereby the loss or change of one component of an ecosystem leads
to loss or change of many other components.

conservation easement: Legal contracts that, for conservation purposes and maintenance 
of environmental services, restrict the use and development of a unit of land usually in
perpetuity. 

contingent valuation: Use of questionnaires to estimate the willingness of respondents to pay
for public projects or programs, or willingness to accept compensation in the case of a
loss. Example questions: Would you accept a tax of x to pay for the program? Would you
be willing to accept x as due compensation for the loss suffered? 

cost-benefit analysis: Economic technique applied to public decision making that attempts to
quantify and compare, in monetary terms, the advantages (benefits) and disadvantages
(costs) associated with a particular policy.

cost-benefit ratio: Discounted measure of project worth that implies the present worth of the
cost stream divided by the present worth of the benefit stream. When the cost-benefit ra-
tio is used, the selection criterion is to accept all independent projects with a ratio of 1 or
less when discounted at a suitable discount rate. The discount rate used most often is the
opportunity cost of capital (see opportunity cost).

decadence management: Using a variety of techniques to promote heart rot in trees, tree
death, and tree fall to provide habitat elements that are essential to a variety of microbes,
plants, fungi, and animals. The techniques include retaining dead trees in the forest,
killing trees to serve as substrate for foraging and cavity excavation by wildlife, and creat-
ing tree cavities to be used by wildlife.

320 Glossary

glossary:IP_Aronson  5/14/07  11:05 AM  Page 320



degradation: Persistent loss in the capacity of ecosystems to deliver ecosystem goods and
 services.

designer ecosystem: Ecosystem that contains groups of species that do not generally exist to-
gether in nature; conceived and constructed so as to support or deliver some conservation,
management, and/or other goals. 

development bond (or performance bond): Commonly set by the principal to a contract when
there is a risk that the agent will not complete agreed activities on time or to the agreed
specifications. The agent puts up a bond that is held by a third party. If the activity is com-
pleted satisfactorily and on time, the bond monies are returned.

diameter at breast height (DBH): Method for measuring the width of a tree trunk (with a stan-
dard height of 1.3 m above ground level).

direct-use value: Direct or extractive and consumptive use of natural biota. Includes wood for
construction and timber, as well as for energy purposes; medicinal products; edible fruits,
herbs, and vegetables; thatch; and the values of livestock production and game hunting. 

discount rate: Interest rate at which an agent discounts future events, preferably in a multi-
period model. Often denoted as r. A present-oriented (or short-term-oriented) agent dis-
counts the future heavily, yielding a high discount rate.

discounting: Method used to determine the monetary value today of a project’s future costs
and benefits by weighting monetary values that occur in the future by a value less than 1
(the discount rate).

disturbance: Natural or anthropogenic events or activities that significantly change the struc-
ture, content, and/or function of ecosystems. Can lead to degradation.

easement: Interest in land owned by another, which entitles the holder limited, specific uses
of the land. See conservation easement.

ecological restoration: Defined by the Society for Ecological Restoration International (SER)
as “the process of assisting the recovery of an ecosystem that has been degraded, damaged,
or destroyed.”

ecology: Study of factors determining the abundance and distribution of plant, animal, fun-
gal, and microbial species, including the interaction of all such organisms with one an-
other and with their physical environment.

econometric: Mathematical models conventionally used to predict future changes either in
monetary or nonmonetary terms. Can also be used to estimate losses and gains of natural
capital.

economic incentive: Instrument that affects costs and benefits of alternative actions of agents,
including, for example, paying people for conserving and restoring ecosystem goods and
services; access to credit for farmers that adopt best practices; and premium-paying mar-
kets for certified or green-labeled products.

ecosystem assessment: Evaluation of ecosystem attributes relative to a predetermined restora-
tion goal or other benchmark, such as a natural ecosystem in a specified reference site.

ecosystem goods and services: Conditions and processes through which natural ecosystems
sustain and fulfill human and other forms of life. Examples include delivery of fuelwood
(goods); providing clean water; climate maintenance (carbon sequestration); crop polli-
nation; and fulfillment of human cultural, spiritual, and intellectual needs (services).
Also known as environmental services.

Glossary 321

glossary:IP_Aronson  5/14/07  11:05 AM  Page 321



ecosystem metamodel: General model that includes multiple, more specific models. Mathe-
matically, the more specific models can be the general model with different variables held
constant.

ecosystem well-being index: Broad measure of the state of a local environment covering (1)
the quality and diversity of its natural land ecosystems; (2) water quantity and quality; (3)
air quality, including the emissions of greenhouse gases; and (4) the conservation of
genes.

ecosystem: Complex of living organisms, and their associated nonliving environment, inter-
acting as an ecological unit.

ecotype: Population within a species that has a distinct set of morphological and/or physiolog-
ical characteristics reflecting adaptation to a specific environmental niche.

elasticity: Measure of responsiveness. The responsiveness of behavior measured by variable Z
to a change in variable Y is the change in Z observed in response to a change in Y. Specif-
ically, this approximation is common: elasticity = (percentage change in Z) / (percentage
change in Y). 

emerging ecosystem: Develops after social, economic, and cultural conditions so change the
environment that new biotic assemblages colonize and persist for decades with positive or
negative social, economic, and biodiversity consequences.

eminent domain: Lawful power of government to expropriate private property without the
owner’s consent.

endemism: Restriction of the natural distribution of a plant, animal, or other kind of organism
to a narrow geographical range (e.g., an island or a single valley). 

environmental services: See ecosystem goods and services.
excludable goods: Legal construct that allows the owner of a resource to prevent others from

using that resource. 
existence value: Value that individuals may attach to the mere knowledge of the existence of

something, as opposed to having direct use thereof; synonymous with nonuse value. 
exit strategy: Plans for mine closure that include measures to address environmental and so-

cial concerns.
exogenous natural capital: Sources of natural capital that are not spatially or structurally re-

stricted to an ecosystem.
exotic species: See alien species.
externality: Coincidental, beneficial, or adverse side effect of production or consumption,

usually associated with economic transactions not taken into account by those directly in-
volved in making the decision. Can be either a benefit or a cost. 

forest certification: Process of labeling and marketing wood or other forest products (gum,
seeds, ferns, honey) that have been harvested from a sustainably managed forest.

forest grain analysis: Describes the scale of the ecological process of regeneration behavior of
a forest community in relation to typical disturbance events. 

fynbos: Species-rich, fire-adapted, and shrublands occurring on nutrient-poor soils in the
 winter-rainfall Cape region of South Africa; characterized by the presence of reeds (Res -
tionaceae) and wintergreen-, wind-, or ant-dispersed shrubs (Ericaceae and Proteaceae).

genetic fitness: Reproductive success of a genotype, usually measured as the number of off-
spring that survive to reproduce produced by an individual. 
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genetic integrity: Complete range of genes found within a healthy natural population of a
species.

geophyte: Plant with an underground storage organ (e.g., bulb, tuber, corm, or rhizome).
government failure: Situation in which the behavior of optimizing agents in a market would

not allocate resources optimally due to the presence and activities of government. 
gross domestic product (GDP): Value of the flow of domestic goods and services produced by

an economy over a period of time (e.g., one year). 
gross national product (GNP): Equal to gross national income (GNI); the value of all final

goods and services produced within a nation in a given year, plus income earned by its cit-
izens abroad, minus income earned by foreigners from domestic production.

growth coefficient r: Known as the intrinsic rate of growth, because it measures whether a liv-
ing population tends to grow (r > 0) or shrink (r < 0).

habitat fragmentation: Splitting and isolating of patches of an environment in which a popu-
lation or an individual lives. 

hammer mill: Belt-driven cutter for chipping branches or other plant material.
heat scar: Patch of soil subjected to such high temperature during a fire that organic matter is

destroyed and physical properties of the soil, such as water-holding capacity, are changed.
herbivore: Animal that feeds on plants.
hierarchy theory: Considers ecosystems as consisting of assemblages of species going through

cycles at different speeds.
hogget: Weaned but prereproductive sheep having no more than two permanent front teeth.
home garden: Tree-dominated, multispecies garden providing a variety of food and other use-

ful products.
human capital: Attributes of a person that are productive in some economic context. Often

refers to formal educational attainment, with the implication that education is an invest-
ment (e.g., education’s returns take the form of wages, annual salary, or other formal com-
pensation). 

Human Development Index (HDI): Used by the United Nations Development Program to
measure social aspects of an economy, incorporating especially life expectancy, income,
literacy, and school enrollment. 

human well-being: Condition in which all members of society are able to determine and
meet their needs and also have a large range of choices to meet their human potential.

Hydropam™ soil binder: Colloid that holds soil particles together, reducing wind erosion.
hydroseeding: Application of a mixture of seeds, water, fertilizer, and binder to a rehabilita-

tion site.
imperfect competition: Market situation where one or more buyers, or sellers, are important

enough to have an influence on price.
inbreeding depression: Detrimental result of inbreeding (progeny produced as a result of mat-

ing taking place among closely related individuals).
Index of Sustainable Economic Welfare (ISEW): Combines social factors, income inequali-

ties, and environmental deterioration (all components that have a significant impact on
quality of life).

indicator: Easily measured surrogate for difficult-to-measure, whole ecosystem attributes or
trajectories.
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internal rate of return (IRR): Discount rate at which the net present value of an investment is
equal to zero; alternatively stated, the rate of discount that would cause the discounted
value of all costs to be equal to all future returns.

interpatch: Area between defined landscape patches where natural capital is mobilized,
transported, and gained or lost.

interspecific: Interactions or differences between or among species.
intraspecific: Interactions or differences within a single species.
invasive alien plant: Nonindigenous (introduced) naturalized plant species that produce re-

productive offspring in very large numbers and thus have the potential to spread over a
large area and to disrupt processes of native ecosystems. 

keystone species: Species that has a greater influence on other species than would be pre-
dicted by its abundance or size. The loss of keystone species can result in a cascade of lo-
cal extinctions and other irreversible changes in ecosystems. 

Kyoto Protocol: Agreement among 159 nations signed in December 1997, specifying the
deadlines and specific levels of greenhouse gas reductions that signatory countries are to
achieve. Overall, developed countries are to reduce greenhouse gas emissions by 5.2% be-
tween 2008 and 2012, as measured against 1990 emission levels.

land-use oversight: Authority over the land-use decisions made by local governments and
landowners. 

landscape: In ecological terms, an assemblage of ecosystems that interact among themselves
in such a way as to produce recognizable patterns. Various other definitions exist in the so-
cial sciences (e.g., geography) and in art history. Cultural landscapes are those “sculpted”
and maintained by people over generations. 

Landscape Function Analysis (LFA): Methodology and procedure for defining landscape
structures and measuring landscape surface indicators.

landscape functioning: How landscape processes work and interact to retain, utilize, and cy-
cle natural capital.

landscape surface indicators: Attributes of ecosystems, or assemblages thereof, that can be
readily measured by observing the ground.

large stock unit (LSU): Metabolic equivalent of a head of cattle, weighing 450 kg. Used to
compare the food consumption of large herbivorous animals of differing sizes through 
a conversion based on the mass-to-surface-area ratio, which approximates energy
 consumption.

local skill base: Trained people or people with specific expertise who are native to an area or
who reside long enough in an area to be considered citizens.

macroeconomics: Branch of economic theory concerned with the economy as a whole. Deals
with large aggregates such as total output, rather than with the behavior of individual con-
sumers and firms.

marginal analysis: Analytical technique that focuses on incremental changes in total values,
such as the last unit of a good consumed, or the increase in total cost. 

marginal benefit: Increase in total benefit consequential to a one-unit increase in the pro-
duction of a good. 

marginal cost: Increase in total cost consequential to a one-unit increase in the production of
a good. 
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market failure: Situation in which the behavior of optimizing agents in a market would not
produce optimal allocation due to market inadequacies. Sources of market failures are,
among others, monopolies (a single producer of an item) or oligopolies (a small number
of large producers of a single item), that have incentives to underproduce and to price
above marginal cost, which then provides consumers incentives to buy less than the opti-
mal allocation and externalities.

mobile resources: Natural capital that can be transported into or out of an ecosystem (e.g., soil
nutrients, water, seeds, etc.).

monitoring: Repeated assessments of indicators or ecosystems that are designed to detect
change over time.

multiple criteria analysis: Analytical method to assist in decision making, based on a variety of
components and elements, some of which could be monetary.

natural capital: Stock of physical and biological natural resources that consist of renewable
natural capital (living species and ecosystems), nonrenewable natural capital (subsoil as-
sets, e.g., petroleum, coal, diamonds, etc.), replenishable natural capital (e.g., the atmo-
sphere, potable water, fertile soils), and cultivated natural capital (e.g., crops and forest
plantations).

net present value: Present value of the incremental net benefit, or incremental cash flow
stream, of a project. Present worth of the benefits less the present worth of the costs of a
project. 

networked metapopulation: Group of populations or subpopulations of plants or animals that
are interconnected so that losses from one population are replaced by migration from an-
other population. Typically such populations would occur in patchy habitat and are man-
aged as a single unit.

nonconsumptive values: Nonconsumptive values comprise those direct-use values that are
nonextractive in physical terms (e.g., tourism).

nonmarket recreational value: Value associated with activities taking place during leisure time
that are not traded formally in a market. The nonmarket recreational value of a site, for ex-
ample, can be estimated, using the travel cost method, from the travel and other market
costs incurred by the visitors to the site.

offset system: Usually established by a government that requires impacts on one ecosystem
site to be mitigated through creation or protection of another site such that there is no net
loss in ecosystem services. 

open-access resource: Material resource with no property right held by any individual or
 entity.

open-cast mining: Also known as strip or surface mining, this process removes vegetation and
soil over large areas to obtain minerals in or beneath the soil.

opportunity cost: Cost of sacrificing the next best alternative, or the income forfeited as a re-
sult of a decision in favor of one option rather than another. 

option value: Expression of preference and a willingness to pay for the preservation of an en-
vironment against the probability that the individual will make use of it later.

ordinal measurement: Used when one can rank things in relative levels or degrees but cannot
measure them precisely. Unlike cardinal measurements, ordinal measurements are not
equally spaced but are ranked in order (e.g., A, B, C, etc.).
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outcrossing: Mating between two different individual plants; the antithesis of selfing (self-
 pollination) where the ovary of a plant is fertilized by pollen produced from the same
plant.

permaculture: Use of ecology as the basis for designing integrated systems of food production
that are ecologically sustainable.

phosphorus- and fecal coliform-restricted basins: Drainage basin of a reservoir in which the
 fecal coliform (bacteria) and phosphorus (nutrients that lead to eutrophication) levels ex-
ceed government standards. 

photosynthetic pathway: Photosynthesis is the process by which green plants convert water
and carbon dioxide to starch and sugar in the presence of sunlight. There are three major
photosynthetic chemical pathways: C3 (cool moist climates), C4 (hot moist climates), and
CAM (crassulacean acid metabolism), found mainly in warm dry climates. 

plant smoke–derivative: Chemical in smoke released by burning plants that stimulates germi-
nation in some plant species.

precautionary principle: States that “where there are threats of serious or irreversible environ-
mental damage, lack of scientific certainty should not be used as a reason for postponing
measures to prevent environmental degradation.” This is the fifteenth principle of sus-
tainability in proceedings of the World Summit on Environment and Development, Rio
1992.

propagation fog bed: Used in propagation of cuttings, this irrigation setup for a nursery re-
leases fine water spray at frequent intervals throughout the day and night, preventing
 desiccation.

propagule: Seed, egg, or detachable part of a plant or animal that serves as the source of new
individuals.

provenance: Geographic place of origin or source of seed or other propagule. 
public goods: Goods that are nonrival and nonexcludable, meaning that if one person con-

sumes the good it is not diminished for others or possible to exclude anyone else from con-
suming the good. 

rain-forest biome: Community of living organisms in an evergreen woodland of the tropics
distinguished by a continuous leaf canopy and an average rainfall of about 100 inches
(2,540 mm) or more per year. 

redundancy: Presence of multiple species that play similar roles in processes that maintain
ecosystems.

reference site: Natural ecosystem used as the basis for monitoring and evaluating sites targeted
for restoration or rehabilition.

rehabilitate: To repair some ecosystem processes at a site (e.g., productivity and other eco-
logical services) without aiming to fully reproduce predisturbance conditions or species
composition.

resilience: Capacity of an ecosystem to persist on a given trajectory and with a given set of dy-
namics in the face of disturbances.

restoration assessment: Evaluation of a restored or rehabilitated ecosystem by comparison of
the composition, structure, and/or function with that of a natural ecosystem (see reference
site).

reverse auction scheme: Auctions in which sellers compete for the right to provide a good. In
the case of natural capital restoration, they have been used by governments to have
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landowners submit bids indicating the amount of compensation they would need to un-
dertake certain land-use practices that increase provision of a given ecosystem service. 

ring-barking (or girdling): Removing bark from a continuous circle around a tree trunk. Pre-
vents the movement of sugars from the leaves to the roots. 

Safe Harbor Agreement: Voluntary agreement in the United States that promotes manage-
ment for listed endangered species on nonfederal property while giving assurances to par-
ticipating landowners that no additional future regulatory restrictions will be imposed.

safe-minimum standard: Restriction that limits the use of resources to levels that are thought
to be safe (e.g., conservation of a sufficient area of habitat to ensure the continued provi-
sion of ecological functions and services). 

savoka: Term used in Madagascar for land left to fallow following slash-and-burn cultivation
of hill rice (or other) crops.

scarification: Scratching or disturbance of the soil surface to permit water penetration. Also
refers to the nursery technique of cutting or scratching a seed to facilitate germination. 

self-incompatibility: Self-sterility.
serotinous: Retention of seeds in fruits or capsules until the death of the mother plant, which

in fynbos is usually by fire.
shifting agriculture: Rotational deforestation (by felling and burning trees) to obtain fertile

soil for growing food crops. In high-rainfall forested areas with poor, leached soils, fertility
typically lasts no more than two to three years. 

slash and burn: See shifting agriculture.
slimes dam: Impoundment used for the disposal of slimes (water and fine materials such as

clay) that are by-products of the extraction of minerals from soil or rock.
socioecological-system approach: Derived through linking biophysical, ecological, and social

processes and drivers.
species evaluation: Empirical testing of the suitability of species for use in restoration or other

related activities.
stress: Impairment of ecosystem or species functioning caused by abiotic and/or biotic factors.
tavy: Slash-and-burn, cultivation of hill rice in Madagascar. 
tiller: Shoot that sprouts from the base of a grass tuft; tillering is the corresponding form of

vegetative reproduction in grasses.
tradable emission permit system: See cap-and-trade.
traditional ecological knowledge (TEK): Ecological knowledge derived through societal expe-

riences and perceptions accumulated by members of traditional societies during their in-
teraction with nature and natural resources.

traditional society: People living close to nature and natural resources, usually producing dis-
tinctly sculptured cultural landscapes of which they are an integral part. 

tragedy of the commons: Metaphor for the problem of management of open resources that
tends to favor those who take the most. The phrase captures G. Hardin’s (1968) notion
that, where there is no clear ownership of rights to a natural resource, the users of the re-
source are likely to overexploit it. 

transaction cost: Totality of cost (not including market prices of the sale/purchase) of ex-
changing and enforcing property rights or of undertaking market/nonmarket transactions.

transformer species: Invasive alien species that transform habitats or landscapes through chang-
ing the character, condition, form, or nature of a natural ecosystem over a substantial area. 
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travel cost method: Analytical method to estimate the value of (especially) a recreation site by
determining the cost incurred by travelers to access or visit the site.

tree seal: Product to seal damaged tree tissues so as to prevent fungal infections and drying out
of the wound.

trigger-transfer-reserve-pulse(TTRP): A conceptual framework for how landscape systems
function in time and space.

vacuum harvesting: Collection of seeds from natural vegetation using a suction system.
vegetation patch structure: Areas within a landscape defined to have a specific type of vegeta-

tion with specific attributes.
Wellbeing Index (WI): Combines environmental well-being (see ecosystem well-being index)

with the quality of human life, which includes indicators pertaining to health, popula-
tion, household wealth, national wealth, knowledge, culture, freedom and governance,
peace and order, household equity, and gender equity. 

wild species and genes index: Number of threatened animal and plant species as a percentage
of species in that group.
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Prescriptive decision-support, 238–239
Prioritization decisions, 238, 245–246, 316
Private market, 287–288
Private property, 216–222, 237
Production, ecological vs. economic, 17, 97–98
Property Rates Bill of 2003, 61
Property rights, 11–12, 216–222, 278, 286, 291–292
Protected areas, 47–49, 62–63, 163
Provisioning services, 36–37, 164–165
Public goods, 277–278
Public opinion, 95, 219, 222
Public pricing, 229
Public transit, 222
Pulses, 76, 77–81

QIT Madagascar Minerals, 299–300
Quotas, 292

Rainforests, 64–65, 66
Rangelands, 57–63, 76–77, 90–92, 112–121
Rational decision-making, 240–244
Raw materials, 18, 19
Real estate market, 213
Reallocation, defined, 5–7
Reclamation, defined, 7
Recolonization materials, 253–254
Recovery processes, forests and, 171
Recreation, 109–110, 149
Reference frames, restoration and, 146
Reforestation, benefits of, 163
Reforesting Scotland, 123
Regulating services, 36–37, 164–165
Regulation, global restoration and, 273
Rehabilitation, 5–7, 200–201
Renewable natural capital, defined, 4
Renewable resources, 53
Replenishable natural capital, defined, 4
Research, 151, 182, 221, 222
Reseeding, 91–92
Reserves, 76, 77–81
Resilience, 73, 95, 135
Resources, TTRP framework and, 78
Responsibility, 71
Restoration

defined, 5, 7, 249–250, 265–266

Index 381

index:IP_Aronson  5/14/07  11:08 AM  Page 381



efficiency and, 24–25
evaluation of success of, 100–102
forests and, 27
forms of, 125–126
natural capital and, 3–4
negative views on, 146, 149–150
New Zealand and, 103–104
rationale for, 7–8, 16
welfare function modeling and, 29–31

Reverse auctions, 293
Reversibility, 33–34
Rewards for environmental services (RES), 287
Rhine River, 272
Rhodes University, 133
Rinderpest, 60
Rio Bravo Carbon Sequestration Program, 258–259
Rio Tinto PLC, 299–300
Riparian habitat, 97, 147–148, 149, 288
Risk assessment framework, 88–93
Rival uses, 19
River Partners, 148, 150
Rivers, 165, 272–273
Rooibos Bushveld area, 155–161
Roosevelt, Theodore, 210
Rotten Bottom Bow, 125
Rural communities, 129–136, 171–172, 212

Sabah Wildlife Department, 165–166
Sacramento River, 146–153
Saddlebacks, 106, 108
Safe Harbor Agreements, 219
Safe minimum standard of conservation (SMSC),

14–15, 35
Salinity, 85–86, 292
Samancor, 198, 200
Savoka, 66
Sawit Kinabalu Berhad, 165–166
Scale. See also Global scale restoration; Multiscale

buffering systems
Active Intentional Management (AIM) and, 95
as challenge, 1, 32, 38–39, 260–261
critical natural capital and, 22–24
cropland restoration and, 67
frameworks and, 36–37
globalization and, 225–226
Karoo, South Africa and, 62–63
landscape function analysis and, 79–80
Masoala Corridors project and, 72–73
Millennium Ecosystem Assessment and, 40
perspectives and, 41
principle of subsidiarity and, 279
restoration and, 6–8

Science, koa forestry and, 218–219
Scotland, 122–128
Seasonality, 204–205
Seeds

bellbirds and, 104

Bromus pictus and, 116
case studies on genetic integrity and, 86–88
collection site value and, 90–92
fire and, 191–192
FireGrow and, 202–203
genetic integrity and, 85–86, 88–91
mining rehabilitation and, 201–203
restoration ability and, 253–254
shrubland restoration and, 180–181
Tiritiri Matangi Island and, 105
TTRP framework and, 78

Selectivity, 113–114
Self-interest, 234
Self-organization, 95
Self-repair, 191
Self-sufficiency, 101
Seminatural woodlands, 122–128
September 11 terrorist attacks, 214
Septic systems, 211
Services, 18, 19–20, 36–37, 108–110, 164–165,

288–289. See also Ecosystem services
Shade-grown coffee, 166–167
Shasta Dam, 148
Sheep, 59–60, 76–77, 113–115, 117–120, 123
Shifting agricultural systems, 138–141, 167–168
Silviculture, 218–219
Simulations, 96–98
Sinks, 18, 19–20
Sites, 18, 20
Sitka spruce, 123
Sizamimpilo Association, 177, 178
Slash-and-burn agriculture, 138–141, 167–168
Sloping Land Conversions Program (SLCP), 167, 258
Smith, Adam, 9–10, 12
Social capital, 4, 131
Social-demand curves, 228–229
Social fencing, 142
Socially selected species, 140–141
Society for Ecological Restoration International, 86,

100, 299
Socioeconomic obstacles, 225, 234–236, 256–264
Soils

Banswara village and, 144
Chemfor mine and, 200
fungi and, 96, 99
fynbos invasive species and, 196
Masoala Corridors project and, 72
mining rehabilitation plan and, 201
obstacles to restoration and, 250, 252
Sacramento River and, 147
TEK, restoration and, 138–141
TTRP framework and, 78, 80

South Africa
adaptive comanagement in, 129–136
Biodiversity Intactness Index (BII) and, 44–52
Chemfor mine and, 198–207
economic value of restoration in, 154–161
ecotourism in, 289
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Karoo, 57–63
mainstreaming and, 307–310
medicinal bark in, 172–178
subtropical thicket and, 179–187

South African Innovation Fund, 172
Sovereign nations, 279
Species selection, 140–141
Specificity, cropland restoration and, 67
Spekboom, 180–183
Spotted owls, 96, 97, 98
Springbok treks, 60
Squirrels, 97, 98–99
Stability, 79, 269–270
Stable limit cycles, 270
Starbucks Coffee Company, 166–167
Stem shoots, 173
Steppe, 112–121
Stock-flow resources, 19
Stocks, 29–31
Stresses, 81–83, 101, 250–252
Strong sustainability, 13–14, 21
Suboptimal stabilization, 269
Subsidiarity, 279
Subsidies, 105, 121
Substitution, 33–34, 227
Substrates, 20
Subtropical Thicket Restoration Project, 179–187
Succulents, 180–181
Sulfur dioxide, 292
Supply and demand curves, 24
Supporters of Tiritiri Matangi (SoTM), 106, 107
Supporting services, 36–37
Surface Water Treatment Rule, 210–211
Surveys, valuation and, 229
Sustainability

critical natural capital and, 20–21
croplands and, 66–67
definitions of, 13–15
as duty, 266–267
incentives for restoration and, 166
Masoala Corridors project and, 70
measurement of, 23
medicinal bark and, 172–178
Patagonian agroecosystems and, 115

Sustainability gap (SGAP), defined, 23
Sustainable-use areas, 61–62

Takahe birds, 106, 108
Tamil Nadu, 300
Targets, setting of, 55, 57–58, 315–316
Taxes, 123, 150, 283–284, 293. See also Incentives
Teamwork, importance of, 40–41
Technocratic motivations, 295
Technology, 67, 232, 235
Tenure, 259–260
Terminal overshoot, 269
Terrorism, 214–215
Thatch reeds, 261

The Nature Conservancy (TNC), 148, 221, 297
Thermodynamics, 227
Thicket, 179–187
Thinning, 99
Threshold decisions, 238
Thresholds

critical natural capital and, 21
fynbos research and, 191
landscape function and, 77, 81
as obstacle to restoration, 252–253
rehabilitation, reallocation and, 6–7
uncertainty and, 276

Tieke birds, 106, 108
Time, discounting problem and, 231–232
Timescales, 260–261
Tiritiri Matangi Island, 104–111
Topology, 250
Tourism, 133, 158–159, 184, 188. See also Ecotourism
Tradeoffs, 14–15, 32
Traditional ecological knowledge, 137–145
Transaction costs, 258
Transboundary impacts, 151–152
Transformations, 179–180, 190
Transparency, decision-making and, 244
Travel-cost method, 229
Treaties, global restoration and, 281–282
Trees for Life, 123
Trigger-transfer-reserve-pulse (TTRP) framework, 76,

77–81
Tropical forests, 162–169. See also Forests
TruCost, 289
Truffles, 99
Tsunamis, 300

Umzimkulu forest patches, 172–178
Uncertainty, 237, 240, 275, 276
Underconsumption, 11
UN Framework Convention on Climate Change (UN-

FCCC), 281–282
Unintended restoration, 300–301
Units, natural capital and, 22
Urbanization, 47–49, 235
User pays principle, 233, 296
Use value, 23
Utilitarianism, 234–235

Valuation
cost-benefit analysis and, 246–247
decision-making and, 225
Millennium Ecosystem Assessment and, 41–42
monetary of nonmarket benefits, 228–231
nonmarket, 22
overview of, 9–12, 18, 227–236
two-tiered approach to, 34–35
values and, 314–315

Values, global restoration and, 267–268
Vanilla plantations, 168
Variable-density thinning, 98, 99
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Vegetation management, 95
Verde Ventures, 166
Vertebrate diversity, 97–98
Village Development Boards, 141
Vintanonna, 70
Volunteers, 126–127, 290

Wars, 300, 301
Washington Forest Landscape Management Project,

94–102
Waste, natural capital and, 19–20
Water quality, 72, 109, 141–143, 250
Water quality premiums, 214
Watershed Agricultural Council, 212
Watershed Memorandum of Agreement, 211, 214
Watersheds

evaluation of, 257
financial mechanisms and, 287
fynbos invasive species and, 190–191, 194
invasive species and, 188
Masoala Corridors project and, 72
of New York City, 208–215
no net loss policies and, 291–292
private payments for protection of, 288

Weak sustainability, 13, 21, 22
Wealth of Nations (Smith), 9–10
Weeds, 139–140, 149
Welfare function modeling, 29–31, 33

Wellbeing Index (WI), 65, 74
West Coast Fossil Park, 205–206, 207
Wetland mitigation banks, 292, 295–296
Wetlands, 249, 291–292, 293, 295
Wilderness Act of 1964, 210
Wildlife

ecotourism and, 289
Hawaii and, 221
Kinabatangan Sanctuary and, 165–166
koa trees and, 216
Sacramento River and, 146
shrubland restoration and, 184
subtropical thicket and, 179

Wildlife Conservation Board, 148
Wildlife Conservation Society (WCS), 68–69, 297
Wild Meadows, 288–289
Wild Rivers habitat restoration, 290
Wildwood Project, 122–128
Wind storms, 101
Wood sellers, 203
Working for Water program, 181, 188, 190, 193, 263,

309–310
World Conservation Union (IUCN), 164, 297
World Trade Center terrorist attack, 214
World Trade Organization, 282
World Wildlife Fund, 105, 162, 164, 166, 290, 297

Yadfon Association, 298
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