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PREFACE 
 
Tropical forests for many years have been subject of debate at all levels of society, ranging 
from environmental NGO’s, scientists and policy makers, to high level politicians. Global 
warming, depletion of natural resources, violation of indigenous people’s rights, biodiversity 
loss and soil degradation all are major threats affecting tropical forests. It is the policy of the 
government of the Netherlands to do everything in its power to achieve the conservation and 
sustainable management of all types of forests. 
 
There is general consensus that tropical forests, as well as all other forests, should be properly 
protected because of their great value, but the debate on what exactly is this value of tropical 
forests is still going on at full strength. Tropical forests sustain a wealth of biodiversity, provide 
a wide range of ecosystems, services and products, and support livelihoods for millions of 
people. If these biological, economic and social values are acknowledged, then why is the 
destruction and degradation of forests still continuing? To what extent have appropriate 
valuation and market mechanisms been developed and implemented? Could they help revert 
destructive practises? 
 
Tropenbos International organised a two-day seminar on the 20th and 21st of March, 2002, to 
discuss forest values, and to support the development and implementation of appropriate 
financing mechanisms for the conservation and sustainable use of tropical forests. During this 
seminar a bridge between policy, management and research was constructed through debate. 
Science stated facts, interpretation by the different societal players differed and concepts were 
challenged. 
 
Over 250 scientists, managers and policy makers from 41 countries participated in the seminar 
and came up with recommendations. These recommendations were presented at the sixth 
Meeting of the Conference of Parties (CoP 6) of the Convention on Biological Diversity (The 
Hague, The Netherlands, April 2002) and the World Summit on Sustainable Development 
(WSSD, Johannesburg, South Africa, August 2002). 
 
The seminar made it clear that new financing mechanisms are rapidly emerging and have 
potential role to play in forest conservation and management. Payments for carbon 
sequestration, in particular, appear to be a potentially economically attractive option. Also 
water funds, like taxes on drinking water and large industrial water users, represent promising 
financial mechanisms for the conservation of the hydrological function of forests. Another 
important outcome was that financing mechanisms for biodiversity conservation should 
generate revenues for local forest users and forest owners. Without their participation and 
measures for poverty reduction, financing mechanisms for forest conservation cannot be 
effective. 
 
This seminar was, in my view, a constructive element in the process of achieving the goal of the 
conservation and sustainable management of all types of forests. The proceedings of the 
seminar that you will find in this publication are a useful tool for us all in the development of 
policy to address the challenges of tropical rain forests. 
 
Giuseppe B. Raaphorst 
Director Nature Management 
Ministry of Agriculture, Nature Management and Fisheries 
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EDITORIAL  
 
 
This book addresses the multiple values of tropical forests and new financing mechanisms to 
capture these values. The chapters reflect the contributions to the international seminar 
‘Valuation and innovative financing mechanisms in support of conservation and sustainable 
management of tropical forests’. The seminar was organised by Tropenbos International in 
cooperation with the European Tropical Forest Research Network (ETFRN) and took place in 
The Hague, The Netherlands on 20-21 March 2002. It contributed to preparing the ground for 
the sixth Conference of Parties on Biodiversity (CoP-6), in particular concerning policy making 
in relation to forests. 
 
Tropical forests have always appealed to the human imagination. When considering the 
products and services provided by tropical forests, we run the risk of creating or sustaining 
myths surrounding these forests. What kind of values do we attach to tropical forests? The 
keynote article of David Kaimowitz deals with shortcomings of economic valuation methods 
and results, and calls for a new approach that combines objectives of forest conservation with 
other goals such as poverty alleviation and conflict resolution. Another question is, whether we 
are not exaggerating the magnitude of the services forests can provide to mankind. Science has 
an important contribution to make in separating between myths and real values of tropical 
forests. The remaining chapters of the first part of this book aim at undoing the myths and 
keeping the wisdom with regard to the following statements:  
 
(1) Rain forests are forever  

(articles on forest history of Henry Hooghiemstra on South America and of James Fairhead 
& Melissa Leach on West Africa) 

(2) Tropical forest biodiversity is crucial for the survival of mankind  
(article of Brian Boom on the role of tropical forests as a major source of biological 
diversity) 

(3) Tropical forests play an important role in climate regulation  
(article of Carlos Nobre on carbon sequestration and article of Ian Calder on hydrological 
services) 

(4) Tropical forests contribute to poverty alleviation  
(article of Roger Sedjo on the role of forests in poverty alleviation, and of Paul Richards on 
forests and violent conflicts)  

(5) Tropical forests are priceless  
(article of Camille Bann on the economic value of tropical forests). 

 
The first part is concluded with a report by Mirjam Ros, which summarises the discussions held 
during the seminar in relation to each of the former statements. 
 
Studying the multiple values of tropical forests has become a window for understanding the 
insufficiency of current revenues for conservation and sustainable forest management. 
Innovative financing mechanisms are being developed with the aim to increase these revenues 
in turn for sustainably produced goods and forest services. The second and last part of this book 
is dedicated to various examples and a review of current innovative financing mechanisms: 
 
Dick Rice presents conservation concessions as a new approach to financing of biodiversity 
conservation. On the basis of a worldwide review of markets for forest products, Natasha 
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Landell-Mills and Ina Porras evaluate the impacts of these market mechanisms on the poor. 
Carmenza Robledo describes the concept of environmental shares as developed in Colombia, 
including the capturing of carbon sequestration benefits. Adrian Whiteman gives an overview 
of the state of affairs of innovative financing in Africa. Olman Segura and co-authors deal with 
valuation of hydrological services provided by forests in Costa Rica. 
 
The article of Pita Verweij gives an overview of innovative financing mechanisms in support of 
conservation and sustainable management of tropical forests. A draft version of this article 
(which included suggestions for recommendations) was used as background to the seminar 
workshops of the second day, which focused on the topics of financing sustainable livelihoods 
from forests, the role of international financial institutions, the promotion of market 
mechanisms, financing hydrological services, financing carbon sequestration, and financing 
biodiversity conservation.  
 
The final chapter contains the policy and research recommendations that resulted from the 
seminar workshops. The policy recommendations were already presented at the Global 
Biodiversity Forum and CoP-6 Biodiversity, both held in April 2002 in The Hague and the 
World Summit on Sustainable Development in Johannesburg in August 2002. An important 
lesson is that financing mechanisms should generate sufficient short-term and long-term 
revenues for local stakeholders whose livelihoods depend on forest resources, to allow for 
sustainable use and conservation of tropical forests. Another key lesson is that the development 
of new markets for forest environmental services should be accompanied by international and 
national regulations and facilitating measures. Markets are vital to economic and human 
development, but regulation remains necessary. International environmental laws are powerful 
instruments to increase the demand for sustainably produced forest goods and services. 
Regulation will also remain instrumental in trying to achieve goals of social and ecological 
sustainability. 
 
I want to thank Jelle Maas and Willemine Brinkman for support to the preparation of this book. 
Finally, I am indebted to Erik Lammerts van Bueren, departing director of Tropenbos, for his 
trust and valuable advise. I hope this book may represent a worthy written account of the 
international event which originated from his ideas. 
 
 
Pita Verweij  
Editor 
September 2002 
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THE ROLE OF FORESTS IN ADDRESSING GLOBAL PROBLEMS: 
WHAT ECONOMIC VALUATION METHODS WON’T TELL US 
 
 
David Kaimowitz  
Director General, Center for International Forestry Research (CIFOR)1 
 
 
1. ECONOMIC VALUATION: THE PROMISE VERSUS THE REALITY 
 
Forests provide huge benefits. Besides supplying wood and other products, they store a vast 
amount of genetic information, regulate the climate and the flow of water, protect and enrich 
soils, control pests and diseases, pollinate useful plants and disperse their seeds, safeguard 
water quality, offer beautiful landscapes, and enrich us spiritually. In the late 1980s and early 
1990s, a number of influential publications came out arguing that research designed to estimate 
the economic value of these benefits would show they were large and that would help convince 
policymakers to protect forests (Peters et al., 1989; Repetto et al., 1989). These studies showed 
that both the per hectare value of the non-timber forest products and environmental services 
provided by forests were high and that taken as a whole, they contributed significantly to the 
national economy. Those findings led to a virtual explosion of economic studies focusing on 
measuring the value of forests. A lot of energy went into designing new methods that would 
allow economists to ascribe monetary values to forest products and services that are not 
currently traded in markets. 
 
However, subsequent economic analyses have tended to come up with much lower figures for 
the economic values of forests. That applies particularly to the more rigorous analyses, with 
better data and more reasonable assumptions. Chomitz & Kumari (1998) reviewed the literature 
on the hydrological and non-timber forest product benefits from forests and concluded that 
although the benefits were highly variable, they tended to be much lower than previously 
supposed. Aylward (2000) looked at a much larger selection of literature on the watershed 
benefits of forests and came to a similar conclusion. Southgate (1999) went through the 
estimates about the value of forest biodiversity for the pharmaceutical industry and found that 
in most cases it was less than $15 per hectare; and he reached similar conclusions with regard 
to eco-tourism. Critics claimed that the work of Peters et al. (1989) had extrapolated from a 
non-representative sample and failed to take into account that prices of non-timber forest 
products would probably drop precipitously if the supply greatly increased (Spilsbury & 
Kaimowitz, 2000). 
 
Research has continued to come to relatively high estimates of the value of the carbon 
sequestration function of forests, which helps to mitigate climate change (Elzen & Moor, 2002; 
Point Carbon, 2001). Many recent estimates fall in a range of around 15 - 20 US$ per ton of 
carbon sequestered by forests (Smith & Scherr, in press). At this price level, forests will often 
be able to compete with alternative land uses as the most profitable land use option. The 
methods used to calculate the value of forests as carbon sinks, however, have been quite 
different from those used for other environmental services. The starting point is to say that 
society has decided to not allow total carbon emissions to go beyond the levels agreed upon 

                                                           
1 P.O. Box 6596, JKPWB Jakarta 10065, Indonesia. E-mail: d.kaimowitz@cgiar.org 
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under the Kyoto Protocol and then ask what market price is likely to achieve an equilibrium 
between the supply and demand for carbon sinks, including carbon sequestration by forests. 
That is rather different from measuring the economic value of the benefits that forest provide 
by mitigating climate change. The latter can still not be done because no one has a clear sense 
of the real magnitude of the costs and benefits of climate change, nor exactly how much climate 
change releasing an additional ton of carbon into the atmosphere will generate. 
 
What then should we conclude from all of this? There are three basic possibilities: 
1. Forests are not worth much for anything besides timber and carbon sequestration; 
2. The more recent studies that show low values for the environmental services provided by 

forests have faulty methodologies or data; or 
3. Forests have a lot of value for reasons not captured in most of the previous valuation 

studies. 
 
I would strongly argue that the second and third explanations are closer to the truth than the 
first one is, in spite of the fact that many of the economic and environmental benefits provided 
by forests have been overstated in the past. 
 
Traditional economic valuation techniques have a number of serious weaknesses (Nasi et al., 
2002). Because of the way that they discount future costs and benefits, they tend to minimise 
the potential dangers of long-term environmental degradation. These techniques were designed 
to look at situations with relatively small “marginal” changes, such as the loss or gain of one 
additional hectare of forests. They do not really take into account the more aggregate impacts of 
the sum of many marginal changes on the total environment. Nor can they address the fact that 
one dollar’s worth of non-timber forest products or environmental services may be worth a lot 
more to a poor person with practically no income than it would be to a rich or middle class 
person. In many cases we still know so little about the specific services provided by forests that 
attempting to assess their value in a particular location would practically take us into the realm 
of science fiction. When economists apply different economic valuation techniques they often 
generate quite distinct results and frequently there is no clear way to justify when to use one 
technique rather than another. 
 
 
2. FORESTS’ ROLE IN MEETING GLOBAL CHALLENGES 
 
Besides the fact that the economic methods available for valuing forests still have severe 
limitations, the conclusion that forests are only important for timber and as carbon sinks is 
wrong because forests can also contribute significantly to solving major global challenges in 
ways that most valuation exercises have failed to consider. In the first place, forests help many 
of the world’s poorest people meet their basic needs. Second, solving the governance problems 
in forested regions could go a long way towards reducing violent conflict. Third, conserving 
forests reduces the risk of future environmental catastrophes that cannot currently be foreseen 
or predicted with any accuracy. 
 
2.1 Contribution to local livelihoods 
Around the world, hundreds of millions of very poor people rely on forests for food, fuelwood, 
medicine, fodder, fertilizer, shelter, and clean water (Byron & Arnold, 1999; Warner, 2000). 
They tend to rely most on these forest resources in times of hardship, such as droughts, wars, 
and economic crisis. Economists tend to ignore or downplay this vital function of forests as 
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“safety net” because it usually has a lower monetary value. But this monetary value can still 
represent quite a lot for the hundreds of millions of rural household that have incomes of less 
than one dollar per day. For many of them it may even mean the difference between life or 
death. Traditional economic valuation techniques simply don’t capture that. 
 
2.2 Good forest governance reduces conflict 
Poor governance of forested regions often leads to violent conflict, which in turn can have 
major negative effects on the economies, politics, and social structures of entire nations or even 
regions. When thinking of the conflicts in Chiapas, Colombia, the Peruvian Amazon, the 
Atlantic Coast of Nicaragua, Aceh, West Papua, Northern Myanmar, the Solomon Islands, 
Liberia, Sierra Leone, the Democratic Republic of the Congo, and Nepal, one gets a sense of 
the dimensions of this problem. 
 
There are many reasons why forested regions frequently suffer from violent conflict. 
Governments tend to neglect forested regions because of low population density and a 
historically low perceived value. This neglect leads to resentment and lack of government 
legitimacy. It also leads to poorly defined property rights and a weak institutional infrastructure 
for protecting those rights. Hence violence becomes the only way for people to assert their 
rights. Forest areas have been the refuge of many ethnic minorities, particularly indigenous 
groups. When other groups enter or the national government tries to establish its sovereignty or 
territoriality these groups often resist. Timber, diamonds, minerals, petroleum, land, drugs, and 
wildlife from forested regions help finance conflict. The limited access to forested areas makes 
it hard for governments to enter forested areas and easy for insurgents and drug producers to 
hide there. Frontier situations in forested regions create windows of vulnerability characterised 
by a rapid increase in value of certain natural resources and a lot of in-migration in places that 
still have a weak institutional capacity to manage conflict. 
 
If one looks simply at the small populations and limited size of the economies of these forested 
regions it might seem to make little sense to invest there and address the regions’ governance 
problems. Once one realises the potentially high economic costs of not doing so, however, the 
true importance of these forests regions comes into better perspective. Economists and others 
interested in economic valuation techniques have generally ignored this kind of issue. 
 
2.3 Insurance in the face of uncertainty 
Another important value that forests can provide is to reduce the dangers associated with 
uncertainty. Traditional economic valuation techniques generally ignore or are unable to 
adequately deal with it. They can deal with risk – that is things where the possible outcomes 
and their probabilities are known – but not really with uncertainty that involves unforeseen 
outcomes of unknown probabilities. By destroying biodiversity we may irreversibly lose 
genetic information that is very useful or even essential. Economists call the value of not losing 
such biodiversity its “options value”, but they have no way of measuring that value except to 
ask people how high they think it is. That is a rather unsatisfactory alternative since the 
respondents have no clear sense of the options they are evaluating. Similarly, we still do not or 
cannot fully understand how changes in forest condition and land use will affect the climate and 
water flows. In many cases it remains unclear whether forests or forest plantations provide 
valuable services in this regard – or even have negative effects (Bruijnzeel, 2000; Kaimowitz, 
2000; Calder, 2002). We do know, however, that many of the current economic activities were 
designed on the assumption that the climate and water flows would not change much. So taking 
steps that might change those conditions creates additional risk. Hence the precautionary 
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principle suggests we should be careful in the face of uncertainty. Traditional economic 
valuation efforts frequently mention the precautionary principle, but they have made little 
attempt to make the concept operational. 
 
 
3. INNOVATIVE FINANCING MECHANISMS 
 
What does any of this imply for the possibility of finding innovative financing mechanisms to 
fund conservation and sustainable forest management? 
 
First, that we should not be overly optimistic about studies using traditional economic valuation 
techniques coming up with results that support investment in conservation and sustainable 
forest management, at least if the studies are done in a rigorous manner. 
 
Second, the one exception to that is likely to be carbon sequestration. Economic valuation 
studies may well come up with values for the carbon sink function of forests that justify 
maintaining areas in forest, rather than converting them to other land uses. This may eventually 
contribute to significant payments for forest conservation and sustainable forest management 
through the Kyoto Protocol, particularly in Annex 1 (developed) countries. Until now, there has 
been be limited political will to allow for payments for averted deforestation in developing 
countries through the Clean Development Mechanism (CDM), but in the medium term that 
could also change. 
 
Third, even though most economic valuation studies to not effectively capture it, there does 
seem to be a large willingness to pay for conservation in the developed countries. This is 
evidenced in particular by the large donations to international environmental NGOs and by 
political support for politicians that support funding for forest conservation. This willingness to 
pay seems particularly linked to the symbolic “existence” value of forests and of charismatic 
mammals and birds. Traditional economists have tried to assess this willingness to pay through 
contingent valuation and willingness to pay studies, but it would probably be more useful and 
realistic in this case to look at “revealed preferences”, i.e. what people are actually paying. 
 
Fourth, despite this significant willingness to pay in developed countries, it would seem that 
official government support for forests and forested regions is stagnating or even declining. 
Meanwhile, except for the recent increase in foundation money in the United States going to 
tropical forest conservation, there is little evidence that private sources of funding are 
increasing much, despite all of the rhetoric about market–based instruments for forest 
conservation. 
 
From my perspective, the most promising place to look for future additional financing for 
forests and forested regions is to convince governments and public opinion that forests have 
much more to offer in relation to the major global challenges mentioned above than most 
people have realised. We must convince them that if they want to alleviate poverty, minimise 
violent conflict, reduce corruption and illegal activities, or provide high quality drinking water, 
that investing in forests should be an important part of strategies aiming at these objectives. If 
we succeed, I am convinced that we can expect greater funding for forests in the future. 
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THE DYNAMIC RAINFOREST ECOSYSTEM ON GEOLOGICAL,  
QUATERNARY AND HUMAN TIME SCALES 
 
 
Henry Hooghiemstra  
Institute for Biodiversity and Ecosystem Dynamics (IBED, formerly Hugo de Vries-Laboratory) 1 
 
 
ABSTRACT 
 
The geological and paleoecological history of tropical rainforest is poorly known. Over 
millions of years, mechanisms of evolution produced an overwhelming plant diversity. In a 
rainforest, a balance between speciation and extinction exists. During various periods of 
geological history, either speciation or extinction probably became dominant. Paleoecological 
evidence suggest that present-day high diversity is a Tertiary legacy, when diversity was 
possibly even significantly higher than today. The Quaternary rainforest ecosystem might be 
characterised by a net loss of diversity related to increased dynamics of the series of 
Pleistocene ice ages. Although there is evidence of human occupation for the Holocene, and 
possibly beyond, during the last centuries human impact has accelerated the process of 
diversity loss. Paleoecological evidence that documents the dynamic character of the rainforest 
ecosystem is presented. The growing body of theoretical considerations on speciation and the 
functional aspects of diversity in relation to ecosystem maintenance, increasingly supported by 
field studies, should take advantage of the knowledge on the long-term history of this 
ecosystem. 
 
1.  INTRODUCTION 
 
Tropical rainforest is often considered a fragile ecosystem. According to the ’Amazonian 
museum concept’, the Amazon Basin is a place of safety where extinction is rare so that species 
accumulate over geological time (Colinvaux, 1997). Over millions of years species were added 
to the ’collection’, finally resulting in the overwhelming plant diversity of today. The 
’Amazonian engine concept’ is almost the opposite and considers the Amazon Basin an eventful 
place of continual, but less than catastrophic, happenings (Colinvaux, 1997). Populations are 
continually reduced by the stresses of tropical life, but seldom to extinction. The practical 
effect is that populations seldom get large enough to dominate their communities in such a way 
that other species are excluded. Coexistence of many species is possible with resources always 
available for a new species to find a niche. Innovative ways of life are at a premium so that new 
species arise like ideas in a competitive market place (Colinvaux, 1997). The immense 
biodiversity in the rainforest suggests that there is a fascinating spectrum of speciation 
mechanisms at work. Recently, the number of theoretical concepts on floral speciation 
mechanisms operating in the Amazonian rainforest has been rapidly increasing (Hubbell, 2001). 
Apart from the classical allopatric speciation, in which a barrier between two populations is 
needed, also sympatric mechanisms are envisaged (Bush, 1994). 
 

                                                           
1 Research group Palynology and Paleo-/Actuo-ecology, Faculty of Science, University of Amsterdam. Kruislaan 
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The present paper focuses on the environmental and paleoecological history of the tropical 
rainforest. It is aimed to provide a concise overview of rainforest dynamics on various time 
scales: from the long-range geological record, to the period in which the rainforest experienced 
the Pleistocene ice-ages, and finally to the period in which Man has increasingly disturbed the 
rainforests, sometimes called the ’Anthropogene’. Although the rainforest ecosystem is still 
poorly known, and today’s understanding is based on initial and provisional studies only, an 
important objective of this paper is to demonstrate that the rainforest ecosystem experienced 
much more dynamics in the past than previously thought. 
 
 
2. RAINFOREST AND ITS REPRESENTATION IN POLLEN RECORDS 
 
The distribution of tropical forest is bordered by the limits of frost-free climates on both 
hemispheres. Tropical rainforest occurs where annual precipitation is over 1500-1800 mm·yr-1 
and the dry season does not exceed 2 months. Depending on the length and intensity of the dry 
season, superwet forest may grade into tropical wet forest and tropical wet seasonal forest. 
When precipitation falls below 1500 mm·yr-1 also deciduous forest, semi-deciduous forest and 
dry forest may occur. In tropical lowland evergreen rainforest the number of tree species per 
hectare varies from 100 to over 250. For example, the Yanamono rainforest in Peru is the 
second richest yet found, with every second tree on a hectare plot representing a different 
species (Whitemore, 1998). 
 
Sediment cores from lakes in the rainforest are the best 'archives' to learn about its history. For 
millions of years, fossil pollen grains are conserved in accumulating sediments; the changing 
pollen spectra through time document its floral and environmental history. In palynological 
studies it is not easy to differentiate among the forest types mentioned above as they have not 
enough characteristic taxa which leave a signal by its fossil pollen grains. The pollen grains of 
many species of the tropical rainforest, such as those pollinated by birds, bats and insects, 
almost never reach the forest floor and will not be part of the fossil pollen assemblages from 
accumulating sediments. Therefore, pollen diagrams from tropical rainforest sites are mostly 
characterised by a large number of taxa that are represented by low pollen percentages or even 
by some single grains per taxon. The percentage of 'silent trees' (Colinvaux et al., 1999) in the 
rainforest is high. Both aspects prevent the palynologist to arrive at the detailed reconstructions 
of vegetation change that are common for temperate forests.  
 
 
3. RAINFOREST EVOLUTION AND DIVERSITY ON THE GEOLOGICAL TIME 

SCALE 
 
The fossil pollen records of taxa characterisic of wet tropical forest start in the Late Cretaceous 
(such as Bombacaceae, Annonaceae, Sapindaceae), in the Paleocene (such as Anacardiaceae, 
Lecythidiaceae, Rhizophoraceae, Sapotaceae), in the Eocene (such as Malpigiaceae, Moraceae, 
Pandanaceae) and as young as in the Miocene (Acanthaceae) (Muller, 1981). In the Early 
Paleocene (60 Myr ago), closed-canopy tropical rainforest became widespread for the first time 
and occurred on all continents: in North and South America, Europe, Africa, Southeast Asia, 
India and Australia. After the cooling at the closing of the Eocene, the distribution of closed-
canopy tropical rainforest in the Oligocene (30 Myr ago) was reduced to central and northern 
South America, central Africa, and in much smaller areas compared to the Early Paleocene in 
Southeast Asia, India and Australia. At the time of the Middle Miocene thermal maximum (c. 
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13 Myr ago) the area covered by tropical rainforest had expanded again. For several places 
across the globe we have informative pollen records that show these large-scale migrations 
(Morley, 2000; see also Graham, 1999; Huber et al., 2000; Maley, 1996). A pollen record from 
a marine core collected in the Pacific off Mexico shows that during the Miocene wet tropical 
forest got replaced by the modern Mexican forest types with a significant contribution of 
Quercus (Fournier, 1982). A core from Thailand shows an opposite trend during the Miocene: 
temperate forests were replaced by wet tropical forest and mangroves (Watanasak, 1988).  
 
Around 3 Myr ago, ice sheets start to grow on the northern hemisphere continents and the 
Earth’s average temperature reached the lowest values ever since the evolution of the tropical 
rainforest. The period of the Pleistocene, the last 2.5 million years, is characterised by the 
lowest temperatures on average and repeated extra cooling of some 4 °C during ice ages. 
Furthermore, repeated periods of dryness occurred and a reduction of the atmospheric CO2 
pressure of almost 50%. The last period that tropical rainforest experienced these stress 
conditions was during the last glacial maximum (LGM) some 20,000 years ago. Thus, since the 
emergence of the tropical rainforest ecosystem, the Pleistocene was the period with most 
dynamic environmental conditions, leading to a situation in which extinction was more 
important than speciation (Van der Hammen & Hooghiemstra, 2000). Glacial temperatures 
occurred during some 90% of the Quaternary; therefore glacial temperatures would be closer to 
the 'norm' than the interglacial temperatures of today. But, considering the long period of the 
Tertiary and Quaternary, the present-day interglacial temperatures would be closer to the 
'norm'. It seems plausible that interglacial-glacial temperature transitions do not stress the 
rainforest ecosystem if the temperature difference does not exceed 5 °C. 
 
On the assumption that the pollen flora in sediment cores from the Amazon Basin represent the 
species richness of the vegetation sufficiently, we may draw some tentative conclusions. Hoorn 
(1994) found c. 280 pollen types in river valley sediments of Miocene age, whereas Urrego 
(1997) found 140 pollen types in Holocene sediments of a comparable environmental setting. 
This suggests that Miocene plant diversity might have been considerably higher than today, and 
that there were subsequent periods of significant extinction. Also Wijninga (1996) speculates 
on the basis of his palynological and paleobotanical studies of sediment sequences of Miocene, 
Pliocene and Quaternary age that an impoverishment of the Neotropical flora could have 
occurred. Historical and ecological aspects of biodiversity in the northern Andes and in 
Amazonia were summarized and discussed in a broader context by Van der Hammen & 
Hooghiemstra (2000). 
 
 
4.  DISTRIBUTION OF RAINFOREST IN THE QUATERNARY 
 
During the Quaternary in particular, the distribution of rainforest was subject to considerable 
change. The low sea levels during the Pleistocene ice ages caused significant changes in the 
Australian land surface. The 190,000-yr pollen record from Lynch's Crater (northeast Australia) 
shows large fluctuations in the contribution of wet tropical forest, alternated by drier types of 
forest (Kershaw, 1986). A marine pollen record from the Lombok Ridge shows the regional 
vegetation history of the last 300,000 years and clearly documents  periods with abundant and 
reduced areas of tropical rainforest (Van der Kaars, 1991).  
 
In Africa, the 27,000-yr pollen record of Lake Bosumtwi in Ghana (Talbot et al., 1984) and the 
28,000-yr pollen record of Lake Barombi Mbo in Cameroon (Maley & Brenac, 1998) also show 
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periods of expansion (during the Holocene in particular) and reduction (during the LGM in 
particular) of the tropical rain forest area in equatorial Africa. The area of Cameroon was 
apparently a forest refugium, whereas in Ghana rainforest was largely replaced by dry forest 
and savanna vegetation. A synthesis of the massive shifts in the distribution of rainforest, 
wooded savanna and dry savanna in equatorial Africa was made by Hamilton (1976), 
comparing the situations of the LGM, 9000 years ago and present-day. Remarkably enough, 
although our understanding of the detail has increased, the overall picture provided by this early 
synthesis has changed little. More recently, massive shifts in tropical rainforest in west 
equatorial Africa were reconstructed for the last 130,000 years, based on a series on marine 
pollen records from the Atlantic and terrestrial pollen records (Dupont & Weinelt, 1996; 
Dupont, 1999). From all these records, it is obvious that rainforests shift hundreds to over a 
thousand of kilometers at millennium time scales. Shorter pollen records covering only the last 
10,000 years (Holocene) indeed show millennium scale migration of wet tropical forest areas. 
For example,  the 5000-yr pollen record of Lake Sinnda in southern Congo (Vincens et al., 
1998) and the 4800-yr pollen record of Lake Ossa in southern Cameroon (Reynoud, 1996) 
show significant changes in the abundance of wet tropical forest, with signs of anthropogenic 
disturbance during the last 3000 years. For Australia the distribution of wet tropical forest was 
reconstructed for situations 18,000, 9000, 6000 and 3000 years ago, again showing on a 
millennium scale the dynamic distribution of wet tropical forest (Markgraf et al., 1992). 
 
 
5. FOREST REFUGIA DURING ICE AGES: A HYPOTHESIS TO BE 

SUBSTANTIATED 
 
The history of the distribution of the tropical rainforest in the Amazon Basin since the last ice 
age has been subject to debate for a long time. When Haffer (1969) put forward his forest 
refugia hypothesis on the basis of zoological evidence, no pollen records existed for the 
Amazonian rainforest. On the basis of distribution patterns of Amazonian forest birds, Haffer 
recognised centres of dispersal, which were assumed to reflect refugia where tropical rainforest 
survived the climatological dry conditions characteristic of glacial periods. The assumption was 
that areas outside these refugia experienced such a drastic reduction in precipitation that 
rainforest was replaced by dry forest, wooded savanna or open savanna. The first pollen record 
in Amazonia was site Katira (Van der Hammen, 1972). Subsequently, more records became 
available. Palynologists working in areas where rainforest had been replaced by savanna during 
the last ice age, e.g. in Rondônia (Van der Hammen, 1972, 1974; Van der Hammen & Absy, 
1994) supported the forest refugia hypothesis. But palynologists working in other areas of the 
huge Amazon Basin, e.g. in Ecuadorian Amazonia and the area of Lake Pata (Colinvaux, 1987, 
1996; Bush et al., 1990) did not find evidence for replacement of rainforest. The controversy 
about the existence of Haffer's forest refugia, and as a consequence about the degree of natural 
dynamics in a rainforest ecosystem, was born.  
  
For equatorial Africa, the existence of forest refugia sensu Haffer (1969) during the LGM is 
hardly subject to doubt, although the composition of the forest refugia is the topic of debate 
(Jolly et al., 1997). However, the existence of forest refugia in the Amazon Basin is strongly 
debated. Curiously enough, the available volume of paleoecological information does not differ 
much between both continents. For the discussion on the existence of forest refugia in the 
Amazon Basin is referred to Colinvaux et al. (2000) and Van der Hammen & Hooghiemstra 
(2000), and also to the more recent 'pro and contra' debate by Colinvaux (2001), Hooghiemstra 
(2001) and Van der Hammen (2001). The most honest opinion is that we simply do not have 
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sufficient paleoecological information available to (in)validate the forest refugia hypothesis. 
But it is agreed upon that around the LGM, the geographical distribution of rainforest differed 
significantly from the present-day – emphasising its dynamic character. A concerted 
international effort is needed to improve our knowledge on the dynamics of the wet tropical 
forests.  
 
 
6.  ENVIRONMENTAL PROCESSES AFFECTING RAINFOREST DYNAMICS 
 
In continuation we will discuss briefly those environmental processes of the Earth's System that 
have significant impact on the dynamics of tropical rainforest. These processes operate at 
various time scales and affect speciation mechanisms, distribution patterns and internal forest 
dynamics. The region of the Amazon Basin and the Northern Andes is taken as an example to 
illustrate these processes. 
 
6.1  Annual migration of the ITCZ 
The annual migration of the caloric equator, also called the intertropical convergence zone 
(ITCZ), between about 8° N in July and 3° S in January causes latitudinal shift of the equatorial 
rain belt within the tropics. This leads to seasonal variations in precipitation. Most of the area 
has two dry and two humid periods, whereas the distal areas experience only one dry and one 
humid season. The seasonality patterns are responsible for differences in the composition of the 
tropical forest in terms of evergreen and deciduous trees. The concave shape of the eastern 
slopes of the Andes between 5° N and 15° S acts as a trap for humid Atlantic air masses 
causing continuous convective rains in northwestern Amazonia, irrespective of precession 
forcing. Therefore, the northwestern part of the Amazon basin probably received continuously 
high precipitation, which explains the continuous cover of very wet rainforest during 
Quaternary climatic oscillations. Also, other minor areas may have experienced a continuous 
rainforest cover related to a complex, and yet poorly understood, pattern of precipitation related 
to 'Walker circulation' and the 'Amazonian Convergence Zone'. 
 
6.2  Precession cycle of orbital focing 
The precession cycle of orbital forcing (e.g. Hays et al., 1976; Berger, 1989) causes an 
oscillation of the equatorial rain belt as described above with a period of about 20,000 years. 
Under the present-day orbital configuration, the southern hemisphere is tilted towards the Sun 
and the caloric equator (ITCZ) lies south of the geographical equator. This configuration brings 
most precipitation to the central and southernmost part of the Amazon Basin. Half a 
precessional cycle in the past (11,000 years ago), the northern hemisphere was tilted towards 
the Sun and the caloric equator was north of the geographical equator. This configuration 
brought most precipitation to the northernmost part of the Amazon basin and adjacent 
Caribbean. These long term changes cause shifts of large rainforest areas at millennial time 
scales. The 60,000-yr pollen record of Carajas (Absy et al., 1991) illustrates these shifts by 
showing every 20,000 years a phase of savanna vegetation alternated by rainforest. 
 
6.3  Glacial/interglacial cycles 
Quaternary temperatures were modulated by the glacial/interglacial cycles. Long pollen records 
with a high resolution from the Colombian Andes (Mommersteeg, 1998) show changes of some 
8 °C. However, it is widely accepted that the tropical lowlands also experienced temperature 
oscillations of some 4 to 5 °C during the last glacial/interglacial cycle (Van der Hammen & 
Absy, 1994). There is evidence that the composition of the Amazonian lowland forest was also 
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subject to change during the Quaternary. In the ever wet rainforest area of Chocó, “montane” 
arboreal taxa, such as Podocarpus, reached lower elevations under conditions of lower 
temperature possibly in combination with high precipitation (Gentry, 1986). Recently we found 
evidence for a different composition of the high elevation paramo flora during the LGM, 
probably as a consequence of the lower atmospheric CO2 pressure. The decrease of pCO2 from 
280 ppmV during interglacial periods to 180 ppmV during ice ages (Petit et al., 1999) has direct 
impact on the competitive balance between C3 and C4 plants (Boom et al., 2001). The outcomes 
of a vegetation model show that CO2 pressure ascribed to glacial conditions results in 
expansion of the savanna ecosystem at the expense of lowland rainforest (Marchant et al., 
2001). However, it is unclear at this moment what the specific consequences are regarding the 
floristic composition of the Amazonian lowland forest. On time scales beyond human 
dimensions (millennia and more) vegetation communities, possibly including rainforest, seem 
to some degree ephemeral. Modern forest composition is not necessarily in equilibrium with the 
present status of System Earth, with the possibility of communities representing past conditions 
or undergoing transitions in the future. 
 
6.4  Migration of rivers due to tectonic movements 
Tectonic movements result in drainage systems located on a tilted plate. As a consequence, 
these systems migrate along the path of least resistence, meanwhile causing vegetation changes: 
forest clearance due to impacts of the river at the lower side of the drainage system and forest 
development at the more elevated side. These processes occur over various temporal and spatial 
scales (Fig. 1). The upheaval and closure of the Eastern Cordillera of Colombia during the Late 
Miocene caused the palaeoOrinoco River to migrate eastwards over a tilting plate to its modern 
position at the foot of the Guyana Shield (Hoorn et al., 1995; Hooghiemstra & Van der 
Hammen, 1998). During the Quaternary, many Amazonian rivers changed their course within 
broad valleys, and caused both forest destruction and forest development. Räsänen et al. (1993) 
observed that in the Peruvian part of Amazonia, near the course of the Rio Ucayali, a 
significant part of the rainforest occurred on riverine flood plains of Holocene age. Only forest 
on the older higher elevated landscape with a strongly dissected relief is older. Indeed, several 
pollen records show forest dynamics as a consequence of a 'migrating' river. For example, the 
9000-yr pollen record Mariñame-2, located near the Caquetá River in Colombia Amazonas, 
shows the characteristic sequence of forest development after the disturbance of the origical 
forest by a river (Urrego, 1997). The initial Cecropia-dominated pioneer forest (c. 10,000-5000 
years ago) changed to varzea forest (c. 7000-4500 years ago), and finally graded into Mauritia-
dominated palm forest (c. 5000 years ago to recent). 
 
 
7.  RELEVANCE OF INSIGHT INTO THE DYNAMIC HISTORY OF 

RAINFORESTS 
 
Considering the causes of rainforest dynamics mentioned above, it is plausible that the 
paleoecological history of rainforest varied strongly, depending on the geographical location 
within the Amazon Basin. An improved understanding of the dynamic history of tropical 
rainforest is relevant for studies such as botanical evolution, evolution of ecosystems, 
paleoclimatology and climate modelling. But also to develop an adequate policy for 
conservation and restoration of wet tropical forests we urgently need a better understanding of 
the dynamic history of the ecosystem. At many places the misconception that the rainforest 
reflects an "undisturbed 60 million-years old cathedral of the wild, in balance and harmony 
with nature" is still vivid (Stott, 1999). Other ideas about rainforest are dangerous, such as the 
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opinion of Stott (1999): "that entities we decide to call ’forests’ will come and go, as they 
always have. We no more ’need’ the ’tropical rainforest’ than we did the ’mixed deciduous forest’ 
that once grew in Britain". This opinion seems a serious under-estimation of the relevance of 
tropical wet forest for the regional water cycle and wind fields (Leroux, 2001), and the System 
Earth in more general terms (Bradley, 1999; Ruddiman, 2000). 
 
Over 80% of the Atlantic rainforest area in southeastern Brazil has been deforested. Within a 
few decades, a large area of tropical forest has changed into grasslands used for cattle raising. 
However, it is not the only time the area has supported grasslands. The pollen records of Catas 
Altas, covering the period from 47,000 to 20,000 years ago, and of Serra Boa Vista, from 
13,000 years ago to the present, show that open grasslands represented the natural vegetation 
cover in this area during the last ice age (Behling & Lichte, 1998). Thus, deforestation in the 
Atlantic rainforest area of Brazil has changed the forested landscape rapidly into an 
anthropogenic treeless grassy ecosystem, the natural version of which having occurred there 
before. It is obvious that many species were not able to migrate, as they do under conditions of 
natural climatic change, and that the massive forest conversion by Man must have provoked an 
unknown but high diversity loss (Turner II et al., 1990).  
 
 
8. CONCLUSIONS 
 
Based on the body of modern evidence, of which the present paper shows a selection only, the 
following conclusions are drawn (see also: Van der Hammen & Hooghiemstra, 2000; 
Hooghiemstra & Van der Hammen, 1998 and the extensive list of literature herein). Most of 
these statements are provocative and need further research to be substantiated. 
 
- Major plant families characteristic of tropical rainforest date from the the Cretaceous, 

Paleocene and Eocene and demonstrate the longevity of the rainforest ecosystem. 
- The very high present-day floral diversity is a legacy of the Tertiary, rather than an 

evolutionary product of the Quaternary.  
- On a global scale, rainforests had a minimal distribution during Pleistocene glaciations. 

These periods have apparently not resulted in a large impoverishment of the flora - the 
modern rainforest is still highly diverse. The current process of rapid deforestation results 
in small remnants of rainforest. This process is however not comparable to the previous one 
as taxa are not offered a possibility to migrate, which results in severe (largely 
undocumented) diversity loss. 

- Rainforest is vulnerable to low levels of precipitation (< 2000 mm·yr-1), occurrence of a 
significant dry season (> 2 months), and perhaps also to the low atmospheric concentrations 
of CO2 that prevailed during ice ages. For all continents, it is unclear to which degree the 
tropical rainforest area was reduced during the last glacial maximum. As a consequence, 
verification of the forest refugia hypothesis of Haffer (1969) is still not possible. Although 
the forest refugia hypothesis is easy to verify, unfortunately the necessary paleoecological 
data are currently lacking. 

- 'Wet evergreen rainforest' surrounded by a large area of 'deciduous forest' and 'semi-
deciduous forest' also reflects a refugium. On the basis of growing paleoecological 
evidence, this situation seems more realistic than the suggestion that during the last ice age 
small areas of rainforest formed an 'archipelago of islands' in a sea of savanna.  

- Pollen records from river valleys and modern depositional landscapes at low elevation 
show a high level of recent rainforest dynamics. Notwithstanding the old age rainforest 
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trees may reach, the rate at which rainforest areas may shift seems only little below other 
types of broad-leaved forests. 

- A significant part of present-day rainforest, in particular in the river valleys, was 
established less than 10,000 years ago. This rainforest has an age of only some ’20 big tree 
generations’. Diversity values of the ’younger’ parts of the rainforest are as impressive as the 
values of the ’older’ parts in areas with more stable environmental conditions. 

- During the Pleistocene ice age cycles, rainforest responded to internal river dynamics and 
to external climate forcing. Apparently, high levels of biodiversity are resistant to the 
natural processes of change. A stable environment (’museum concept’) is not necessary to 
maintain a high diversity on the long term. Notwithstanding this observation, a certain net 
diversity loss should be attributed to frequent climatic change during the last two million 
years. A much stronger diversity loss due to recent anthropogenic forest clearance is largely 
undocumented.  

- Large areas previously covered by rainforest have been replaced by artificial ecosystems 
such as rice fields, water reservoirs in the valleys, agricultural systems on the upper slopes, 
and rubber plantations on the hill tops. The fact that these cultural landscapes are able to 
feed a bigger population in comparison to the same area covered by rainforest is used as a 
doubtful argument to accept the ongoing deforestation processes (Stott, 1999). 
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FIGURE CAPTION, FIGURE 1: 
 

(a)  
 

(b)  
 

(c)  
 
Fig. 1. Paleogeographic maps of northern South America during (a) the early Middle Miocene, (b) the late Middle 
Miocene, and (c) Late Miocene to Present. The development of the northern Andes, the separation of the Chocó and 
Lower Magdalena rain forest areas from the main area of Amazonian rain forest, and the Middle Miocene fluvio-
lacustrine system in the present-day central Amazon basin are shown. At various places in the present Amazon basin, 
mangrove vegetation developed under brackish water conditions during periods of high sea-level stands. Between the 
Late Miocene and the Quaternary the modern Orinoco River system developed from the paleo-Orinoco River, and the 
Amazon River developed as a transcontinental drainage system towards the Atlantic. Modified after Hoorn et al. 
(1995). 
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THE DYNAMIC FOREST LANDSCAPES OF WEST AFRICA. THEIR 
SHAPING IN RELATION TO NATURAL AND ANTHROPOGENIC 
PROCESSES 
 
 
James Fairhead and Melissa Leach1 
 
 
ABSTRACT 
 
This paper integrates recent evidence concerning the history of rainforests and climate in West 
Africa with evidence from social history and anthropology to add to a reconceptualisation of 
processes of forest cover change and of people’s role in this. The use of the term ‘original 
forest’ equated with ‘potential forest’, as a baseline against which to assess deforestation can 
no longer be upheld for this region. Its continued use is (a) massively exaggerating forest cover 
loss, (b) misrepresenting forest status and trends, (c) misconstruing the impact of land use on 
the region’s vegetation, and misrepresenting the social history of the region. A dynamic 
landscape perspective on forests and analysis grounded on historical evidence are needed to 
properly identify forest dynamics and problematics.  
 
 
1.  DEFORESTATION FIGURES 
 
Analysis informing international conservation and forestry policies suggests that West Africa 
experienced dramatic forest loss during the 20th century, and that this has accelerated in the last 
few decades. WRI asserts that “In West Africa, nearly 90% of the ‘original’ moist forest is 
gone, and what remains is heavily fragmented and degraded” (Bryant et al., 1997). A similar 
analysis informs the operation of Conservation International (Myers et al., 2000; Mittermeier et 
al., 2000; Conservation International, 2001), and UNEP-WCMC2 (Billington et al., 1996). The 
impression given is of a massive and relentless loss of ‘original’ forest cover. When specified, 
‘original forest’ is taken to be the forest believed to have been extant about 8,000 years ago, 
after the ice age, and ‘before human disturbance’ (cf. Billington et al., 1996; Bryant et al., 
1997; Olson et al., 1999 cited in Matthews et al., 2000). This area of ‘original’ forest is 
generally assumed to be the area of ‘potential’ forest; the area where forest might be expected 
to occur today in the absence of humans, based on climate, topography, and other variables.  
 
National analyses conform to this. In Ghana, several assessments suggest that the potential 
forest area (8-10 million ha) was forested around 1900, forests now being reduced to less than 2 
million ha (Frimpong-Mensah, 1989; Ghartey, 1989; Parren & Graaf, 1995; Fair, 1992; Ebregt, 
1995; Gornitz & NASA, 1985; Sayer et al., 1992). Similar analysis is made for Cote d’Ivoire 
(FAO, 1981, 20013; Thulet, 1981; Gornitz & NASA, 1985; Arnaud & Sournia, 1979), Liberia 
(Dorm-Adzobu, 1985) and for Sierra Leone (Bakarr et al., 2000). WRI exemplifies the common 
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Broadleaved rainforest in the South ‘covered 14.5 million ha some forty years ago but has since then suffered 
intense pressure from farmers who have destroyed most of it.’  
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perspective that “Almost all of this change has resulted from human action” (Matthews et al., 
2000). 
 
Assumptions that West African forest cover prior to the 20th century was almost equivalent to 
‘potential forest cover’ are misleading for two reasons. First, written and oral historical sources 
describing vegetation, landscapes and land use in the late 19th and early 20th centuries falsify the 
view that West Africa’s ‘original’ or ‘potential’ forest was virtually intact at this time. Large 
populations (including two vast states in Ghana and Liberia/Sierra Leone) have come and gone 
from these areas over the last millenium. The 16th to early 20th century was a period of 
depopulation in the forest zone, linked to slavery, colonization, war, social dislocation and 
impoverishment. Even following depopulation, large areas of the tropical forest zone were still 
inhabited and farmed at the close of the 19th century. Second, and more fundamentally, 
evidence from social and climate history undermines the concept of an ‘original’ forest baseline 
equivalent to potential forest. There have been episodes of deep climatic deterioration at 
different times since agriculture started to be practiced. Areas of forests appear to have 
contracted due to climatic, not human influence. Much of what is today classified as part of the 
forest zone was open savanna only several centuries ago. Over recent centuries, the area 
covered by forest appears to have been recovering from one (or several) major drought phases. 
Thus, the use of maps of today’s ‘potential forest’ as a baseline against which to assess 
subsequent deforestation is deeply flawed for the region of West Africa.  
 
 
2.  THE STATE OF THE FORESTS C. 1900 
 
2.1 Ghana 
Any assertion that Ghana’s ‘forest zone’ was forested early in the 20th century badly 
misrepresents the country’s history. Estimates of forest area made by foresters early in the 20th 
century indicate that the forest zone was smaller (around 6.6 - 7.2 million ha), and that about 2 
million ha of it was farmed (Meniaud, 1933). Such early estimates, mostly based on field-level 
observations, contain their own biases. In spite of these inaccuracies however, they serve to 
confirm that large areas of the forest zone were certainly not ‘under forest’. In the 19th century, 
the Ashanti region alone had a population between 500,000 and 725,000. When Huppenbauer 
visited the Ashanti capital Kumasi in 1881, he noted that “The actual land of Asante is not 
forest, as Akyem for instance, but mostly cultivated” (cited in Wilks, 1978). Other areas of the 
forest zone were also populous (Fairhead & Leach, 1998). Moreover, the forest present often 
grew over lands depopulated during warfare linked to the slave era and colonization, as in 
Aowin (Thompson, 1910), Asin (Dupuis, 1824), Akim (Isert, 1788) and the Birim Valley 
(Kiyaga Mulindwa, 1982). When Thompson surveyed the forests in 1908, he concluded that the 
then remaining forest on the Gold Coast and in Ashanti consisted mainly of secondary regrowth 
after farming (Thompson, 1910). 
 
2.2 Côte d’Ivoire 
A similar picture emerges for Côte d’Ivoire. Estimates of forest cover made early in the 20th 
century range from 6 to 8 million ha, and and do not correspond to the 14 to 16 million ha of 
current statistics (Chevalier, 1909; Meniaud, 1933). Assertions that the Ivorian forest zone was 
largely covered by forest c.1900 overlook the existance of significant farming populations in 
large areas. They overlook how Tepos, Dan, Bete, Guro, Dida, and Baoulé peoples resisted 
French colonial forces for a decade or more. Associated with colonisation, massive 
depopulation occurred. The Baoulé population alone declined from about 2 million in 1899 to 
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250,000 in 1916 (Weiskel, 1980). Images of a forest arcadia also overlook the enforced 
relocation of surviving peoples from their ancestral villages to new roadside settlements. It is 
hardly surprising that early foresters observed forests being felled by new ‘migrants’ on the 
roadsides. 
 
2.3 Sierra Leone 
Figures suggesting the devastation of forests in Sierra Leone since the mid 19th century 
overestimate the impact of the timber trade on forest cover at this time, and ignore the travel 
accounts from this era, indicating a limited forest cover (Nyerges, 1996; Fairhead & Leach, 
1998). Rather these accounts suggest the presence of large farming populations at that time, and 
the depopulation of areas that today are forest reserves and represent biodiversity ‘hot spots’. 
 
2.4 Revisions to deforestation estimates 
We document these issues more extensively elsewhere, also covering problems in analysis of 
forest cover in Togo and Benin. The systematic comparison between the figures of forest loss 
now in international circulation, and the evidence from historical sources (Fairhead & Leach, 
1998) is summarised in Table 1. This suggests that 20th century deforestation in these countries 
can only be one third of that suggested by current analyses in international circulation.  
 
Table 1. Suggested revisions to deforestation estimates (millions of hectares) 
 
Country Reduction of original 

forest cover over the past 
8000 years (e.g. Sayer et. 
al. 1992)  

Orthodox estimate of 
forest area lost since 
1900 (assorted references 
reviewed in Fairhead 
and Leach, 1998)  

Suggested revisions to 
deforestation since 1900 
(Fairhead & Leach, 
1998) 

Côte d'Ivoire 20.2 13 4.3 - 5.3 
Liberia 5.5 4 - 4.5 1.3 
Ghana 12.9 7 3.9 
Benin 1.6 0.7 0 
Togo 1.7 0 0 
Sierra Leone 6.7 0.8 – 5 c. 0 
 
Total 

 
48.6 

 
25.5 - 30.2 

 
9.5 - 10.5 

 
 
3.  CLIMATE HISTORY AND FOREST HISTORY 
 
Historical evidence accumulated over the last few decades suggests that forests in West and 
Central Africa have responded massively to major climate fluctuations during recent centuries 
and millennia. For example, Maley (2002) concludes that 2500 years ago a climatic 
deterioration lasting several centuries led to a catastrophic destruction of central-West African 
forests, almost halving their current range. Maley argues that the present forest vegetation is 
still recovering from this period, and from other less extreme periods of deterioration c. 1,200-
800 years ago. Vincens et al. (1999) suggest that the earlier dry phase appears to have lasted for 
a very long time, with the start of the current humid phase and recolonisation of forest dating 
back only 600-900 years ago. For regions further west, data is more sketchy. The break in the 
coastal forests in Togo and Benin, known as the Dahomey gap, probably had earlier been 
covered by forests and opened during a climatic deterioration between 4000 and 3,500 (Maley, 
1999). Accordingly, Maley hypothesises that the climatically induced break in the Dahomey 
gap forest may have been much wider than it is now (Maley, 2002).  
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New work is conducted by Overpeck and colleagues based on sediment cores from Ghana’s 
lake Bosumtwi should be able to establish annually-resolved records of environmental 
variability in West Africa spanning the last ca. 3000 years. Preliminary analysis of lake level 
changes already indicates a period of climatic deterioration for Ghana as recent as the period 
from about 1600 to 1730 (Overpeck & Wheeler, 2001).  
 
Corroborative evidence suggests that West African forests, like those in Central Africa, are 
currently recovering from a period of climatic deterioration, and that they have been expanding 
into savannas in recent centuries. The areas of recent forest expansion can be quite large. In 
Cameroon, the expansion of forest into savanna south of Adamoua was first described by 
Letouzey (1978, 1985). Since 1952, more than one million ha of savanna have become forest in 
this region alone, whether in the presence or absence of cultivation (Maley, 1999).  
 
3.1 Forest history in West African countries 
3.1.1 Côte d’Ivoire 
There has long been evidence of forest transgression into savanna from Côte d’Ivoire. 
Aubréville (1962) observed this, and studies in the Baoulé V from the 1970s continue to 
support it. Elders affirmed to Adjanohoun (1964) that large extents of wooded savannas had 
disappeared under forest and forest fallow (cf. also Spichiger & Lassailly 1981; Miège, 1966; 
Gautier, 1990). Spichiger and Blanc-Pamard heard villagers suggest that “where one cultivates, 
the forest advances”, and their ecological research confirmed it (Spichiger & Blanc-Pamard, 
1973).  
 
Independent evidence suggests that areas now well within the forest zone have been savanna in 
the recent historical past. Thus in a forest area south-east of the Baoulé V, the historian Ekanza 
(1981) was perplexed to hear from elders of several villages in the Moronou region that oral 
traditions refer to the earlier dominance of savanna in the 18th century. Their ancestors 
apparently preferred the open, game filled grasslands which extended as far as the eye could 
see. Ekanza found it difficult to accept this, and the implication that in the space of only two 
centuries the forest might have expanded.  
 
3.1.2 Guinea 
A similar encroachment of forests into savanna occurred further west, in two regions of the 
Republic of Guinea (Fairhead & Leach, 1994, 1996). We compared air photographs and remote 
sensing data (1952-1992), which show forest transgression into savanna in Kissidougou 
prefecture (Fairhead & Leach, 1996), and further south in Gueckedou. Oral accounts from 
Loma suggest that savannas stretched south into Liberia at some time prior to the 20th century 
(Fairhead & Leach, 1994). These accounts are supported by documentation from Liberian 
travellers to the region in the 1850s and 1860s (Fairhead et al., forthcoming). 
 
3.1.3 Ghana 
There is also evidence from Ghana that the northern margins of the forest zone have been 
encroaching into savanna in recent centuries. The colonial Chief Conservator of Forests, Foggie 
(1953) noted the advance of the forests in this region, writing that “In the north-west, the 
savannah at one time extended much further south. The forest reserves north and west of 
Sunyani are rapidly changing from savanna woodland back to closed forest”. He attributed this 
forest advance to depopulation following warfare in the early 19th century. An earlier colonial 
forester, Vigne, had noticed this process too. He attributed it to climatic change, considering 
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that the Gold Coast was at the time experiencing a wet cycle, as indicated by a rise in the water 
level of lake Bosumtwi (Vigne, 1937). The hypothesis of forest advance into savanna regions is 
also supported by earlier documentary and oral accounts describing savannas further south 
(Dupuis, 1824; Owusu, 1976). 
 
Further data sources suggest the same. First, savanna inliers as found near Kumasi are thought 
by archaeologists to be relics of a past drier climate (Vansina, 1985; cf. Anquandah 1982). 
Second, evidence from termite mounds indicates that areas under forest in the eastern region 
had earlier been under more open vegetation (Charter, 1946; cf. also Jones, 1956 in Nigeria). 
Lastly, Hawthorne (1996) argues on the basis of the contrast between high species diversity in 
the wet evergreen zone of the extreme south west, and the genetic paucity of the moist semi-
deciduous forest, that the latter may be “scar tissue, a recently assembled group of mainly 
widespread, well-dispersed species, covering up after some immense disruption of this area and 
barely infiltrated by rarer species which could occur there”.  He supposes that widespread 
farming, elephant damage, or fire and drought (e.g. 1500 AD, 3000BP or 8000 BP) might have 
been responsible (Hawthorne, 1996). 
 
3.2  Implications 
In short, historical sources are suggesting an apparent sensitivity of West African forest cover 
to climatic variation; a sensitivity similar to that found recently for the western Central African 
forests. This has several implications. First, as already noted, it is incorrect to compare current 
forest cover with the forest cover prior to 1900 as the ‘potential forest cover’, and to deduce 
that the difference is anthropogenic deforestation. This will  require an urgent and complete 
revision of all current analysis and statistics for human induced forest cover change. Second, it 
is spurious to calculate expected species extinction rates premised on decrease of the extension 
of this ‘potential original’ forest. The major contractions of forests in recent millenia (even 
centuries) may have presaged the kind of massive species loss hypothesised for the present. 
Third, the impact of people on soil and vegetation needs to be understood as interacting with, 
and shaping the complex dynamics of forest loss and recovery, rather than being linked to 
simple destruction. It is to evidence concerning the interactions between humans and the 
landscape that we now turn.  
 
 
4. THE SHAPING OF LANDSCAPE 
 
In orthodox analysis, the only anthropogenic shaping of landscapes acknowledged is people’s 
disturbance and degradation of natural vegetation. Viewed in this way, current vegetation is 
either pristine, or something lesser. Yet over huge areas of West Africa, farming and other land 
use appears to have interplayed with climate-driven processes in ways which enhance as well as 
reduce forest cover. Policies aimed at conserving forests should support those practices that are 
sustainable, and the social and economic conditions that encourage them. 
  
4.1  Forest islands 
Colonial and contemporary commentators who observe forests with tall trees in savanna lands 
or in the midst of farm bush, have assumed that these indicated the potential for forest, and thus 
the past presence of a more extensive closed canopy forest of which they are mere relicts 
(Chevalier, 1909; Aubréville, 1937; Mondjannagni, 1969 cf. Cole, 1968; Nyerges, 1987). This 
deduction is insecure. Patches of tall forest are often associated with settlements. In many 
cases, the forests have been established, purposefully or otherwise, around villages that had 
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originally been located in savanna. Other so-called ‘relic’ forests cover the ruins of ancient 
villages and graves. These are sites with specific and often unusually fertile ‘anthropogenic 
soils’ which may support a dense vegetation where prior to habitation, they would not (Lamb, 
1942; Thomas, 1942; cf. Keay, 1947; Sobey, 1978).  
 
The establishment of ‘islands’ of forest around settlements appears to be common throughout 
the West African forest/savanna transition zones. Forest belts around villages provide useful 
forest products, shade for tree crops, seclusion for personal and communal activities, and 
defense against cavalry, foot soldiers and bush fire. We found in Kissidougou, Guinea that 
villagers encourage forest islands to form through a variety of activities. This includes seedling 
transfer (for example of transplanting silk cotton trees (Ceiba pentandra) in rings to establish 
fortresses), soil enrichment through gardening and the deposition of household waste, and 
active suppression of inflammable grasses through animal grazing and early burning (Fairhead 
& Leach, 1996).  
 
In documenting these simple processes, we have been accused of drawing on ‘Amazonian 
forest change models’ and on ideas of the ‘ecologically noble savage’ to understand West 
African forest cover dynamics, and of over-generalising our findings (Nyerges & Green, 2000). 
Yet as we document more fully (Fairhead & Leach, 1998), anthropogenic forest islands and 
upgraded savannas are found throughout most of the forest/savanna transition zone from Sierra 
Leone to Nigeria and beyond. We now briefly review this evidence. 
 
4.1.1 Guinea 
In Guinea, the establishment of forest islands around villages has been noted throughout the 
country. For example, early colonial observers indicated that Tyapis peoples in Guinea’s 
northern Futa Djallon live in relatively large villages which are “always surrounded by a thick 
curtain of large trees”, of which chiefs and elders say that these derive from defensive fences 
planted long ago by their ancestors, during the time of the large wars (Coutouly, 1952, drawing 
on a French archive of 1908, cited in Lauga-Sallenave, 1997).  
 
4.1.2 Sierra Leone 
For Sierra Leone, such forests were noted by Laing (1825) in the north east at Falaba. Fifty 
years later, Blyden (1872) noted that this town “is surrounded by a natural stockade of over five 
hundred huge trees – one hundred and ninety of which are very old, and enormous silk cotton 
trees”.  Blyden also noted “forests around all major Limba towns which were always built on 
difficult and scarcely accessible highlands and protected by the cover of high forests”. Migeod 
(1926) also noted the presence of small forests around towns and villages for defensive 
purposes. Also Nyerges & Green (2000) find the existence of forest patches around ruined 
villages in northern Sierra Leone and that villages today are associated with greater forest cover 
than surrounding areas.  
 
4.1.3 Côte d’Ivoire 
In Côte d’Ivoire, forest islands have also been documented, although as in Kissidougou, they 
have generally been interpreted as remnants. Between Man and Seguela, Aubréville (1938) 
noted that tall ‘primary’ forest existed only where there were sacred groves. He deduced that 
these were remnants, and used them to identify the original vegetation cover. Near Seguela, he 
noted that the villages were all installed in the interior of forest islands dominated by the major 
species of deciduous forests such as Antiaris africana, Celtis zenkeri, Ceiba pentandra, 
Triplochiton scleroxylon, Khaya grandifoliola, Blighia sapida, and Cola cordifolia. Although 
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he claimed that all stages of progressive destruction by farming could be observed, they could 
represent different stages of regeneration as well. Air photographs of these forest patches show 
their similarity to those found in Kissidougou (e.g. Monnier, 1981). 
  
4.1.4 Ghana 
It has been harder to locate a literature on the existence and origin of forest patches in Ghana. 
Yet during a short visit in north-west Ghana, discussion with elders soon determined a forest in 
the village territory of Dededege (studied by Swaine & Hall, 1988) as the anthropogenic peri-
village forest island of an abandoned village called Deke. Inhabitants left this village around 
1900 to settle in the savanna at the present site of Degedege – which is itself now surrounded 
by a forest island. Focused research is needed to consider the extent of anthropogenic forest in 
this region. 
 
4.1.5 Benin 
In Benin, many botanists, foresters and agronomists since the 1910s have noticed forest islands, 
and treated them as remnants of earlier, more extensive forest cover (e.g. Adjanhoun, 1966; 
Mondjannagni, 1969). Gu-Konu (1983, cited in Gayibor, 1986) also considers these forest 
patches to be degraded relics of a climatic climax forest, suggested by the stands of Antiaris 
africana, Milicia excelsa and Triplochiton scleroxylon scattered in the landscape (cf. also FAO, 
1981). It can, however, be questioned whether these forests represent remnants of ‘original’ 
forests and soils. They are found around existing or ruined villages, growing over 
anthropogenically transformed soils. As Brouwers (1993) notes: “Where the forest belt [around 
villages] is still intact, household refuse, human excrements and droppings from small 
ruminants and poultry enriches its soil.” Furthermore, trees central to both ritual and everyday 
life are known to be planted or transplanted in this region, and the species composition of the 
forest islands described by Chevalier (1910, 1912), Aubréville (1937), and Mondjannagni 
(1969) is predominantly of trees known to be transplanted. That forest islands in this region 
might have been the product of people's vegetation management, and enriched with tree 
species, was noted by earlier travelers to the region. The most notable comment is again from 
Isert who writes in a letter dated 28 March 1785: “I have seen some [public fetish temples 
which] are surrounded by beautiful trees. I like to go to such places because I always find those 
trees there that are rare in the country and are planted because of their rarity”4. That certain 
forest patches in Benin have recently been established was actually noted by Mondjannagni 
(1969). 
 
Similar forest islands exist in Togo (e.g. FAO, 1981), in Nigeria (Lamb, 1942; Keay, 1947), 
and in the Central African Republic (Guillot, 1980). 
 
4.2  Enriched savannas 
Forests are not only established around villages. Field fallow vegetation, often described as 
‘secondary forest’ thicket as if it was degraded forest, can also be established in what had 
earlier been savannas. Farming practices that modify soils and other ecological processes 
promote this. In Kissidougou, this is linked to gardening, mounding and a variety of fire 
protection techniques. In the Baoulé V of Côte d’Ivoire, as noted, farmers say that “where one 
cultivates the forest advances” (Spichiger & Blanc-Pamard, 1973). In Togo, the same processes 
have been noted by Guelly et al. (1993). Mitja shows how in the humid savannas north of Man, 
the farming of savanna land on slopes promotes astonishing regeneration: “Not only do 

                                                           
4. 'placés à dessein' in Gayibor's 1989 French translation 
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inhabitants not degrade the region, rather they improve it” (Mitja & Puig, 1991; cf. Mitja, 
1990). Sites initially covered with low woody savanna, become covered, after 7 years of 
farming and a long fallow of 10-40 years, by vegetation with a more closed, denser tree layer 
and have fertile soils favouring infiltration, with more surface holes from worm and termite 
activity.  
 
In Benin in 1937, Aubréville (1937) expressed astonishment at seeing baobabs in a ‘high 
equatorial forest’ and in closed thicket formations, interpreting these to be, respectively, a 
natural and degraded form of an original dense semi-deciduous forest type. Yet as 
Mondjannagni (1969) shows, the forest thicket was established by farmers in what were earlier 
baobab-rich savannas. Thus the existence of secondary forest thicket need not necessarily 
indicate the earlier existence of extensive forest cover.  
 
Although several authors treat oil palm forests as degraded forests (Allison, 1962; Keay, 1959a, 
1959b), there is evidence that palm forests have also been established in savanna (Chevalier, 
1912; Aubréville, 1937). This was first noted by a British parliamentary Select Committee in 
1865, which was told that “There is a large plain near the Volta which once had no trees on it 
about 100 years ago, and the whole of that plain is now palm forest.... planted by the natives” 
(Johnson, 1964). Maley has recently drawn attention to the oil palm belt which as colonial 
botanists observed, stretches from Sierra Leone across to Cameroon and beyond. He now 
interprets this as a natural pioneer vegetation formation, gradually colonizing savanna lands, 
and heralding the subsequent reconquest of savannas by forest following a period of climatic 
desiccation (Maley, 1999). The logic of this expansion is borne out in Guinea, where travelers 
in 1850s through what is today the Ziama forest reserve saw ridges and plains covered with 
palm and savanna. In Sierra Leone, similar oil palm belts are well documented (Unwin, 1909; 
Migeod, 1926). Further research is needed on the status of these oil palm belts. 
 
Isolated trees in fields which show a forest architecture with long, branchless trunks and high 
crowns have also been considered indicative of deforestation. Yet certain trees, especially those 
characteristic of fields in the transition zone (Milicia excelsa, Antiaris africana), grow tall and 
straight spontaneously, even when growing in the open. Such trees are frequently nurtured in 
fields either to improve agricultural productivity, to produce valued timber and non-timber 
products, or to protect ancestral or bush spirits. 
 
The combination of historical sources we have drawn on here suggests that the very indicators 
that have been used to deduce forest loss, such as forests remnants, relict trees, and secondary 
forest thicket, can also (but not always should also) be read as testifying to people's capacity to 
enrich their landscape with desired vegetation, and to the logic of forest expansion into savanna 
as it recovers from major dry phases. Historical evidence, not deduction is needed to discern 
this. 
 
4.3  Depopulation and ‘new’ forests 
A third dimension to the social shaping of forest landscapes concerns the interaction of social 
and demographic history with the ecology of areas currently valued as tall forest reserves. 
These are assumed by orthodox deforestation analysis to be the last remaining blocks of 
‘natural’ forest within once extant expanses, and to owe their survival to their designation as 
parks and reserves, whether colonially or recent. Yet many forests have a radically different 
history. As in the case of Guinea’s Ziama reserve (Fairhead & Leach, 1994), the Gola forest of 
Sierra Leone, and parts of the Upper Guinea forets in Liberia and Côte d’Ivoire (Fairhead & 
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Leach, 1998), many such forests were heavily populated and farmed before the late 19th 
century. The landscapes then consisted of mosaics of settlements and their forest islands, fields, 
and secondary regrowth or (towards the north of the zone) savanna.  
 
During conflicts associated with the rise and fall of political centres during the era of the slave 
trade and in the 19th and early 20th century due to colonial wars, large areas of West Africa 
became depopulated. Where agricultural fields and settlements were abandoned, forest got 
established. Forest structure and composition were influenced by past farming patterns, the 
anthropogenic soils of villages and gardens. The land cover prior to their earlier inhabitation 
cannot be assumed to have been forest. By the 1930s, when colonial foresters became engaged 
in concerted reservation programmes, such ‘new forests’ were sufficiently dense and tall to be 
appropriate candidates, whether or not their history was recognised. By the end of the 20th 
century many of these have become the focus of biodiversity conservation concerns, and have 
become identified as invaluable ‘biodiversity hotspots’. Conservation International recently 
coordinated a major priority setting exercise for conservation in the Upper Guinea region. All 
of the areas prioritised as of ‘exceptionally high’ and ‘very high’ importance for conservation 
cover formerly populous areas. These are thus forests rich in cultural heritage as well as natural 
heritage, and conservation attempts would do well to acknowledge this.  
 
 
5.  Implications and conclusions 
 
5.1  A dynamic landscape perspective 
The work on the ecological, climatic and social dimensions to forest dynamics has proceeded in 
parallel within different disciplinary debates and institutions. Drawing these together has 
suggested some strong convergences. Vegetation patterns reflect the historical legacy of many 
interacting influences, human, ecological and climatic, over different, overlapping time-scales 
One might term this a dynamic landscape perspective on forests. It conforms with a dynamic 
view of people-landscape interactions that recognises the importance of disturbance events and 
path dependency to ecological dynamics, now dubbed the ‘new ecology’ (see Botkin, 1990). As 
already noted, Hawthorne (1996) outlines the need to recategorise West African forests in 
relation to their history. Forest vegetation of low diversity should not be considered as a stable 
formation, but as “a recently-assembled group of mainly widespread, well-dispersed species, 
covering up after some immense disruption of this area”. A dynamic landscape perspective adds 
the interplay of social aspects and impacts of land use history to this non-equilibrial ‘new 
ecology’.  
 
The implications are enormous. Analysis of past forest cover can no longer be based on 
deduction, but must draw on historical evidence. Such evidence as we have reviewed, suggests 
that two thirds of the area supposedly deforested since 1900 has not been, and that most of this 
area may itself not have been ‘forested’ at all since the last climatic deterioration. Put bluntly, 
those living in this vast area are being blamed for deforestation which they have not caused, 
and have paid heavily for this in policies aimed to control their so-called unsustainable 
practices and environmental ‘vandalism’. They have lost control over land and tree resources in 
favour of national and international guardians, adding to their impoverishment. As we 
document in Guinea, mutual misunderstanding between land users and national authorities has 
contributed to social alienation and resentment by the former, and misallocated resources by the 
latter (Fairhead & Leach, 1996). Inhabitants are denied not only their claims and control over 



 Tropenbos International, Wageningen, the Netherlands 
 
 

 
30 

valued resources, but also the validity of their own understanding of vegetation dynamics and 
the ecological and social histories with which these are entwined (cf. Amanor, 1994). 
 
Closer attention to climate history also suggests the sensitivity of the region’s forest vegetation 
to global climate changes. As Maley (2002) makes clear, if current predictions concerning 
anthropogenic global warming are accurate, this is likely to have a catastrophic effect on the 
region’s forests. Thus a future phase of desiccation, associated with forest fires might be 
attributable more to the greenhouse gas emissions of industrialised countries, than to landusers 
in West Africa. Conservation strategies directed at local land use may be overlooking an 
overriding issue of global warming.  
 
5.2 Implications for forest conservation 
A dynamic landscape perspective also offers implications for forest conservation strategies in 
West Africa. West African people in the forest-savanna transition zone may have influenced 
ecological processes far more effectively than has been imagined. Rather than seek to condemn 
and amend their practices, conservation may have much to learn from them. First, it suggests 
the need to recognise and build on farmers' many ways of working with and directing multiple 
ecological processes that encourage tree cover. This may involve active agency in the 
orientation of cultivation, transplantation of seedlings, soil or fire management, or the less 
intended effects of farming and settlement. There may well be practical techniques around 
which farmers and foresters could collaborate when they share common goals in enriching a 
landscape with trees.  
 
Second, there are tenurial implications of landscape enrichment. These are often recognised in 
customary law, which has found ways to deal with the ambiguities presented between intended 
and unintended enrichment. Yet customary law over enriched landscapes has been 
fundamantally neglected in statutory law, which was founded on colonially-derived distinctions 
between planted (usually exotic) and wild trees. Community forest and land management 
programmes need to be attentive to concepts and categories of tree tenure which accord with 
local ecological and historical experience.  
 
Third, landscape enrichment may not depend on social order and orchestration of common 
property resource management institutions linked to traditional authorities; the kind of order 
that can ‘break down’. Rather it may derive from the cumulative effects of certain forms of land 
use which have positive spin-offs (recall Ivorian farmers asserting “where we cultivate, the 
forest advances”) and wider social influences on these practices (see also Nyerges & Green, 
2000). It may depend on directed labour and capital investments. In the latter case, the balance 
between investment and disinvestment depends on conditions such as tenure, national policies, 
and social and individual circumstances and alternatives. Put another way, suggesting that 
people can enrich landscapes does not mean that they do, everywhere and at all times. 
Understanding where such improvements and investments are made in the landscape and in 
productivity, when, and by whom requires attention to social and economic processes 
influencing opportunities. Support to existing forest management should not only build on 
existing techniques, but also address these social and economic conditions and investment 
opportunities.   
 
Fourth, recognition of the historical experiences and claims of forest or forest-edge inhabitants 
would seem to be a pre-requisite for any attempt to secure positive local involvement in 
international agendas. Past settlement or farming establishes claims to land and resources that 
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can, and will, compete with any newly-imposed tenurial scheme. Moreover, people often 
experience forests as an ex-social domain abandoned through the horrors of warfare. Any 
attempt at culturally-sensitive or ‘people-oriented’ conservation must recognise the social and 
tenurial legacy of past events (and often conflicting interpretations of them) and work out 
arrangements from this basis.  
 
More broadly, new, historically-grounded ecological analysis raises some profound 
implications for the conceptual framework of forest policy and conservation. Forest dynamics 
may be less predictable given the multiple (sometimes chaotic) influences on them. 
Unpredictable dynamics require a shift from ‘blueprint’ to more flexible, adaptive management 
approaches to biodiversity conservation, sustainable timber production and so on (e.g. 
McNeely, 1999; Leach & Fairhead, 2001). For biodiversity conservation, refuge areas acquire 
greater significance. With no ‘baseline nature’ in many other areas, conservation becomes a 
question of social or political choice about what vegetation types are desirable at any given 
time in social history. Different local users, timber companies, ecotourists and those promoting 
wider conservation all have different perspectives on what a desirable forest would be like. 
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THE ROLE OF TROPICAL FORESTS AS MAJOR SOURCES OF 
BIOLOGICAL DIVERSITY 
 
 
Brian M. Boom 
Associate Director for Research, Center for Environmental Research and Conservation 
(CERC)1 
 
 
Successful valuation and financing mechanisms for the conservation and sustainable 
management of tropical forests depend on having solid biodiversity knowledge incorporated 
from the beginning of the planning process. Already, we have sufficient biodiversity knowledge 
to move forward in many locations and with respect to various kinds of forest resources. 
However, in some tropical regions and for some resources, we have insufficient knowledge to 
make wise management and conservation decisions. The Achilles’ heel of typical schemes to 
conserve and manage tropical forests is the limited availability of biodiversity knowledge. It is 
vital that investments are made into further scientific research to provide the underpinnings for 
successful conservation and management schemes. Indeed, in this endeavour, as with any 
successful business venture, research and development go hand in hand. Without adequate 
biodiversity knowledge, conservation and sustainable management of tropical forests will fail. 
This paper provides a glimpse of various aspects of biodiversity, with emphasis on alpha and 
gamma diversity for tropical forests, against the backdrop of global knowledge about species 
richness.  
 
 
1. CURRENT SITUATION 
 
That economists are increasingly engaged in the issues surrounding development in tropical 
regions is evidenced by the present book and the international conference of which it is the 
result. Another example is the recent book of Easterly (2001), including a major message that 
the common elements lacking from most misadventures in development are the right financial 
incentives for stakeholders at all levels. A central theme of the present paper is that in the 
biological dimension, the quality and quantity of existing (or available) knowledge about 
biodiversity forms the limitation of schemes for the conservation and management of tropical 
forests. We have broad estimates of species richness, and statements such as “about two-thirds 
of all species occur in the tropics, largely in the tropical humid forests” (Pimm & Raven, 2000) 
are widely quoted by those touting the high level of biodiversity of tropical forests. While the 
most extensive knowledge of biodiversity, whether in tropical rain forests or on coral reefs, is at 
the species level, the diversity of life on earth has various other dimensions and measures.  
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2. DIMENSIONS AND MEASURES OF BIODIVERSITY 
 
First, some definitions are in order, summarised here, but elaborated in Heywood (1995). Alpha 
diversity is the variety of organisms existing in a single habitat or community, often called 
“local diversity.” It is the kind of diversity most often meant when the term “biodiversity” is 
used, as in, for example, “300 species of tree occur in a 1 hectare plot of forest in lowland 
Peru.” Gamma diversity refers to the landscape level or regional diversity, as in “the number of 
higher plants in Sumatra is between 8,000 and 10,000 species.” Beta diversity, which is more 
variously defined, generally refers to the rate at which species composition changes across a 
topographic or climatic gradient. An example of beta diversity, about which the least is known, 
is “the change in the bird species present in tropical forest from the Amazon basin up the slopes 
of the Andes over a 100 km distance.”  
 
Another way to analyse biodiversity is at different levels of biological organisation. Thus, one 
speaks of diversity of genes within a species, diversity of species in an ecosystem, and diversity 
of ecosystems at the continent or global level. Of all these ways of thinking about biodiversity, 
what scientists most know about is alpha or gamma diversity at the species level, which is to 
say species richness in local sites or, less precisely, at landscape levels. 
 
 
3. ALPHA DIVERSITY 
 
The best estimates of what we know about species richness (e.g., Heywood, 1995; Wilson, 
2000) are that we have scientific names for some 1.75 million species on earth, out of an 
estimated 13.6 million. That means that we know only about 13% of the species that are 
thought to currently exist. Most of these “knowns” probably reside in tropical forests. Wilson’s 
(2000) additional sobering revelation is “even among the small minority of all species 
diagnosed and named, fewer than 1% have been subject to the kind of careful biological studies 
needed to underpin ecology and conservation biology.”  
 
Tropical forests, occupying only seven percent of Earth’s land surface, are commonly thought 
to harbour well over half of extant species. Globally, science has names for approximately 1.75 
million species out of an estimated 13.6 million species that are thought to currently exist. Most 
of the unknown species are believed to reside in tropical forests and are of small, even 
microscopic size, which may nonetheless be vital ecologically and economically. Some of the 
unknown species belong to large, relatively well-known groups of obvious ecological and 
economic importance, such as plants and vertebrates. For example, the best working estimates 
are that 15% of extant plant species and 10% of extant vertebrate species remain to be 
discovered and named, with the overwhelming majority doubtless from tropical forest regions. 
For most of the 1.75 million species already named, science knows little more than when, 
where, and by whom they have been collected and where the voucher specimens are deposited.  
 
 
4. BETA DIVERSITY 
 
As if knowledge of species richness were not weak enough, what we know of beta diversity is 
downright tenuous. Olson et al. (2002) summarise the lamentable state of knowledge 
concerning beta diversity and endemism. Predicting species diversity in tropical forests has not 
proven to be an easy task, yet Plotkin & Potts (2000) have made progress in developing a model 
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for doing so. Increasingly, theoretical ecologists are stepping up to the challenge. This is none 
too soon, for predicting biodiversity is often the only option we have in the face of inadequate 
actual knowledge in many tropical forest areas. Burslem et al. (2001) described the results of 
analysing data from over three million individual trees representing 6,500 species from more 
than 16 sites in 13 countries, of the Forest Dynamics Plot (FDP) network. They found that no 
single factor is sufficient to explain tropical tree diversity. Condit et al. (2002) expanded upon 
this work by analysing beta diversity at several of these forest sites in Ecuador, Panama, and 
Peru. What emerged were striking differences in beta diversity between the Amazonian and 
Panamanian sites. These patterns could not be explained by limited dispersal and speciation 
alone, but suggest that additional factors must be important, such as the role of habitat 
heterogeneity at local scales and the impact of widespread species. 
 
It seems that scale is the conceptual key to understanding the factors governing species 
diversity. Willis & Whittaker (2002) have summarised this topic well recently. Additional 
studies of this theme relevant to tropical forests are those of Rahbek & Graves (2001) for South 
American birds and of Richardson et al. (2001) for the neotropical legume tree genus Inga. The 
major breakthrough by Willis & Whittaker (2002) was the description of a hierarchical 
framework for identifying the processes influencing biodiversity according to the spatial and 
temporal scales involved.  
 
 
5. TAXIC DIVERSITY 
 
Another aspect of biodiversity that is potentially relevant to plans for tropical forest 
conservation and management schemes is knowing the taxonomic or taxic diversity, by which 
is meant the degree of diversity at higher taxonomic levels. An extensive literature has built up 
around the topic of taxic diversity (e.g., Vane-Wright et al., 1991). Ensuing from this topic, is 
the use of maps showing higher taxon diversity (such as genera or families) to estimate species-
level richness (e.g., Williams & Gaston, 1994; Williams et al., 1994a). Another view is 
represented by Williams et al. (1994b), in which it is argued that other measures than taxic 
diversity, such as ecological or functional attributes of habitats, may be more important. 
However, these are more difficult to assess.  
 
 
6. BUILDING UPON CURRENT BIODIVERSITY KNOWLEDGE 
 
Do we know enough to protect biodiversity in the tropics? This question is posed by Pimm et 
al. (2001) in an important recent paper, and the answer is a qualified “yes”. A large concern is 
the extent to which preserved areas are an effective means of conserving biodiversity. Terborgh 
(1999) deals with this issue in some detail, and his conclusions are sobering. The question of 
compatibility of tropical forest biodiversity conservation and development was also taken up by 
Bawa & Seidler (1998), with their conclusion being that compatibility is minimal. By contrast, 
Wilson’s (1992) description of the “New Environmentalism” offers a perspective for many 
areas of the world for which absolute preservation is not a realistic option.  
 
Wilson (1997) also suggests the way to proceed with tapping into the current reservoir of 
biodiversity knowledge and for building upon it in a most efficient way. Just looking at the 
existing resources for the selected taxa of plants and fungi, there are some 2,640 registered 
herbaria in the world, holding in total approximately 272,801,000 specimens (Holmgren et al. 
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1990) and about 6,000 specialists (Holmgren & Holmgren, 1992). Similar statistics could be 
cited for other groups of organisms, but except for vertebrates the resources would not be as 
extensive as they are for plants. Tapping into these resources and professional talent is a vital 
key to success in planning conservation and development of tropical forests. Prance (1990b) 
described a well-documented example of such an approach: the Workshop 90 Map delimiting 
areas of endemism in Amazonia, which represents a conservation tool on the basis of 
information from natural history specimen.  
 
 
7. BIODIVERSITY RESEARCH 
 
As indicated above, knowledge of the characteristics or properties of ecological or economic 
importance is woefully lacking for most named species. Nonetheless, the mechanisms and 
infrastructure elements are largely in place for moving forward with plans to ensure the 
conservation and sustainable development of tropical forests, provided that adequate financial 
investments in research are made as part of the project implementation process. The potential is 
huge (e.g., Prance, 1990a) and the means for realising the potential are coming into focus. 
 
An example of the kinds of partnerships that exist for integrated science-based conservation is 
that of the Center for Environmental Research and Conservation (CERC) in New York City. 
This consortium of five institutions (American Museum of Natural History, Columbia 
University, The New York Botanical Garden, Wildlife Conservation Society, and Wildlife 
Trust) represents a powerful network of biodiversity resources and talent, all linked to dozens, 
perhaps hundreds, of museums, universities, and NGOs throughout the world. Consortia such 
as CERC need to be engaged in plans for tropical forest conservation and development, because 
the insights they can bring to the process are the key elements to making such plans work in the 
long run.  
 
 
8. CONCLUDING REMARK 
 
Biology matters at least as much as economics in the disciplinary mix of experts who chart 
important schemes to conserve and manage tropical forest diversity. It doesn’t matter what the 
net present value is of a particular species of plant if its pollinator or seed disperser has just 
gone extinct through habitat destruction, toxic wastes, ozone depletion, or climate change. In 
conserving and managing tropical forests, the discipline of economics is as dependent on 
biology as it is on arithmetic.  
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AMAZONIAN TROPICAL FORESTS: CARBON SOURCE OR SINK? 
 
 
Carlos A. Nobre 
Center for Weather Forecasting and Climate Studies (CPTE)1 
 
 
The Amazon Basin contains a wide range of ecosystems and a wealth of biological and ethnic 
diversity. It includes the largest extent of tropical forest on Earth, over 5 x 106 km2, and 
accounts for an estimated one fourth of the planet’s animal and plant species. Currently, only 
few species are used by man. The region is abundant in water resources. Annual rainfall is 2.3 
m on average and the mean outflow of the Amazon River into the Atlantic is approximately 
220,000 m3/s, which corresponds to 18% of the total flow of fresh water into the world’s 
oceans. The region stores over 100 Gton of carbon in vegetation and soils. However, over the 
past 30 years rapid development has led to the deforestation of over 550,000 km2 in Brazil 
alone. Current rates of annual deforestation are in the range of 15,000 km2 to 20,000 km2 for 
Brazil, according to figures of INPE (2001) based on Landsat satellite-derived analyses. The 
spatial pattern of deforestation in Brazilian Amazonia up to 1997 is illustrated in Figure 1.  

 

 
 

Figure 1. Analysis of spatial deforestation patterns from 1978  to 1997 (in white) in Brazilian Amazonia 
superimposed on a vegetation map. Courtesy of R. Alvala and E. Kalil, INPE, Brazil. 
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A number of field studies carried out over the last 20 years showed that deforestation and 
biomass burning caused significant, but still localized changes in the water, energy, carbon and 
nutrient cycling, and in the atmospheric composition. For instance, the forest is important in 
recycling water vapor through evapotranspiration throughout the year, thus contributing to 
augmented rainfall and to its own maintenance.  
 
 
1. CARBON EMISSION AND ABSORPTION 
 
An important impact of land use and land cover change in Amazonia with global consequences, 
are the emissions of carbon dioxide due to deforestation and biomass burning. The total annual 
emissions of CO2 in Amazonia due to land use and land cover change range between 150 and 
250 Mton C (Houghton et al., 2000). In comparison, the total annual emissions of CO2 arising 
from fossil fuel combustion is only about 75 Mton C for Brazil as a whole. On the other hand, 
carbon cycle studies of the Large Scale Biosphere-Atmosphere Experiment (LBA) and forest 
inventory studies (Phillips et al., 1998) indicate that the undisturbed forest may represent a sink 
of carbon at rates ranging from 0.8 up to a high value of 7 ton C ha-1 yr-1 (Malhi et al., 1998; 
Malhi et al., 1999; Araujo et al., 2002; Nobre et al., 2000). All of the observational evidence 
put together is shown in Figure 2, which is a preliminary ‘synthesis’ of our rather incomplete 
knowledge of the carbon cycle in Amazonia. The `sink strength` is not less than 0.8 to 1.5 ton C 
ha-1 yr-1. For the forested areas of the basin, that might represent a net uptake of carbon of 0.3 to 
0.6 Gton C yr-1. Subtracting averaged emissions of 0.2 to 0.3 Gton C yr-1, the net basin uptake 
would range from 0 to 0.4 Gton C yr-1.  
 
However, it is still uncertain whether at a regional scale, the forest functions as a sink or source 
of carbon to the atmosphere (Keller et al., 1997). Recent data suggest that emissions of CO2 
from rivers, streams and wetlands may be much higher than previously thought, contributing to 
about 1 ton C ha-1 yr-1 (Richey, 2002).  
 
Overall, if the result of the undisturbed forest behaving as a carbon sink is confirmed with 
further research, it would shed some new light on the role of the tropical forests in the global 
carbon balance. The carbon sink function could then be considered as an additional 
environmental service provided by the forest.  
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Figure 2 Preliminary synthesis of the carbon cycle for Amazonian forests as derived from LBA studies. Units: t C ha-1 
yr-1. GPP= gross primary productivity; Ra= autotrophic respiration; Rh=heterotrophic respiration; VOC= volatile 
organic carbon compounds. 
Source: Alterra, INPA, IH, Edinburgh University, INPE, CENA-USP, Univ. Washington, Univ. California-Santa 
Barbara, Max Planck Institute for Biogeochemistry. 
 
 
2. REFORESTATION PROJECTS VERSUS FOREST PROTECTION 
 
Forestry projects in the Amazon Basin can be used in different ways for purposes of carbon 
sequestration and emission reductions. There is a huge potential for reforestation projects in 
Brazilian Amazonia: over 200,000 km2 of land is currently abandoned and/or in degraded state. 
An ongoing project in Juruena, northern Mato Grosso State may illustrate the costs involved 
and benefits derived from reforestation activities. In this case, 5,000 ha are reforested using a 
mix of 20 native species, with a total cost of US$ 12 million over 40 years and a total of 
600,000-750,000 ton carbon stored. At 120 to 150 ton C, the costs per ton of carbon 
sequestered are US$ 16 – 20. 
 
At present, forest protection activities are not included under the Clean Development 
Mechanism. The following hypothetical example may however show that avoided deforestation 
has a clear potential as a carbon emission reduction measure. A reduction of 15% to 20% of the 
annual deforestation rate in Brazilian Amazonia would represent about 3,000 km2 of forest 
protected and a total emission reduction of 30 - 40 Mton carbon per year. An estimated 
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reforested area of 40,000 to 50,000 km2 would be necessary to assimilate this amount of carbon 
(at growth rates of 6 to 9 ton C ha-1 yr-1); it would take decades to implement reforestation 
projects of this magnitude. In fact, this is why avoiding deforestation could become in the 
future as important or even more important than reforestation and afforestation as a measure to 
mitigate carbon dioxide emissions. 
 
It can be questioned of course, whether it is feasible to reduce deforestation rates in Brazilian 
Amazonia by 15% to 20%. In this respect, an interesting case is provided by the State of Mato 
Grosso, which shows a trend of decreasing deforestation rates over the last four years. From 
1998 to 2001, the reduction in annual rates was about 30%. The combination of rigorous law 
enforcement, the use of modern technology of remote sensing and GIS to make law 
enforcement more effective, and educational programs may explain this trend. 
 
 
3. SCENARIOS OF ECOSYSTEM CHANGE 
 
An important scientific question is whether this possible biotic CO2 sink will saturate sometime 
this century due to the global warming, that is, the undisturbed forest could become a source of 
carbon due to rapid decomposition of soil carbon under increasing temperature. Scenarios of 
climate change due to global warming indicate a climate 4 to 6 °C warmer for Amazonia 
towards the end of the century (Carter & Hulme, 2000). This pronounced warming can have 
severe impacts in terms of ecosystem change. There are suggestions that climate change may 
lead to drastic changes in the vegetation of Amazonia, primarily a tendency for its 
“savannization” (Cox et al., 2000). Massive deforestation may result in a similar tendency 
(Nobre et al., 1991). It is also becoming increasingly evident that forest fragmentation due to 
selective logging and other land use changes are making the forest more susceptible to fires 
(Nepstad et al., 2000). This susceptibility would increase further under a warmer climate. The 
result may be an increase in forest loss due to uncontrolled forest fires, such as the largest 
forest fire in Brazilian history, which from  January through March 1998 burned 14,000 km2 of 
forest in Roraima.   
 
 
4. CONCLUSIONS 
 
On the balance of observational evidence, tropical forests in Amazonia may play a significant 
role as a carbon sink of excess atmospheric carbon dioxide. Avoided deforestation must be 
regarded as an important contribution to reducing global emissions. 
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FOREST VALUATION AND WATER – THE NEED TO RECONCILE 
PUBLIC AND SCIENCE PERCEPTIONS 
    
 
Ian R. Calder 
Centre for Land Use and Water Resources Research1 
 
 
ABSTRACT 
 
This paper compares and contrasts the science and public perceptions of the role of forests and 
tree plantations in relation to water quantity (annual and seasonal runoff and recharge) and 
erosion. It is suggested that the disparity between the two perceptions needs to be addressed 
before we are in a position to devise and develop financing mechanisms for reforestation and 
forest conservation. Results are presented of two research programmes in South Africa and 
Panama, which are addressing these issues. A new programme of research, aimed at improving 
our knowledge of forest impacts on seasonal flows is also outlined. It is concluded that to move 
towards a reconciliation of the different perceptions will require not only further scientific 
research but also further efforts to ensure that research findings are better disseminated and 
“connected” to policy and land use decision making. 
 
 
1.  INTRODUCTION  
 
When we draw up the “balance sheet” for forest valuation, according to conventional wisdom 
high positive values would be attached to the hydrological services provided by forests. The 
public perception is that forests have an overall positive influence on the hydrological regime, 
that they increase rainfall, increase runoff, regulate flows, reduce erosion, reduce floods, and 
improve water quality. Financing mechanisms designed to contribute to forest conservation and 
support the costs of reforestation programmes have traditionally referred to, and are often based 
on, this conventional wisdom. But this conventional wisdom has long been questioned by the 
scientific community. Although these issues have been debated since the nineteenth century 
and a large literature is available on the debate (Saberwal, 1997), to appreciate the evolving 
“modern” science perception the reader is referred to reviews by Bosch & Hewlett (1982), 
Hamilton (1987), Bruijnzeel (1990), Calder (1992), particularly as regards tropical forests, and 
the more recent reviews in the light of new studies by Calder (1999, 2000). 
 
It is suggested that organisations which are developing forest valuation and financing 
mechanisms should be aware that there is a disparity between the traditional public perception 
and the science perception of the role of forests and tree plantations in relation to water. There 
is an urgent need to move towards a reconciliation of these different views as financing 
mechanisms are developed and preferably before external financing agencies are invited to 
contribute to these new schemes. 
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This paper aims to: 
- Review and contrast the science and public perception of the role of forests and tree 

plantations in relation to water and identify areas where our science understanding remains 
weak and where further research is required. 

- Provide examples of ongoing research programmes, which are seeking to understand the 
role of forestry as it affects the water environment and the value of forests and plantations 
in relation to the value of water, in South Africa (funded by DFID), and in Panama (funded 
by the World Bank). 

- Outline a new research initiative, which represents the DFID contribution to the UN Year 
of Mountains 2002. This initiative is aimed at addressing one of the major “grey” areas in 
our knowledge of forest water interactions, that of the regulating function, and, more 
specifically how forests influence dry season flows. Recognising that these influences are 
likely to be both site and tree species specific, research is being carried out in contrasting 
ecosystems, ranging from cloud forests in the Costa Rican mountains to the semi-arid 
forests of lowland India. 
 
 

2. CONTRASTING THE SCIENCE AND PUBLIC PERCEPTION 
 
This section is largely based on earlier published material (Calder, 1998; 1999; 2000). Here we 
review just three  statements of conventional wisdom relating to forestry and water, as a means 
of investigating the disparity between the science and public perceptions and to identify the 
remaining gaps in our knowledge. The statements of conventional wisdom considered are: 
- Forests increase runoff ? 
- Forests and tree plantations regulate flows? 
- Forests and tree plantations reduce erosion? 
 
2.1  Forests increase runoff? 
Based on process studies, in recent years a new understanding has been gained of evaporation 
from forests in dry and humid conditions. These studies, and the vast majority of the world’s 
catchment experiments, indicate decreased runoff from areas under forests as compared with 
areas under lower crops. The studies indicate that in humid conditions interception losses will 
be higher from forests than lower crops, primarily because of increased atmospheric transport 
of water vapour from their aerodynamically rough surfaces. In dry conditions the studies show 
that transpiration from forests is likely to be higher because of the generally increased rooting 
depth of trees and their consequent greater access to soil water as compared with lower crops. 
The new understanding indicates that in both humid and dry climates, evaporation from forests 
is likely to be higher than that from lower crops. Consequently, runoff will be decreased from 
forested areas, contrary to the widely accepted conventional wisdom. The few exceptions that 
lend some support to the conventional wisdom, are: 
− Cloud forests where cloud-water deposition may exceed interception losses. 
− Old growth forests. Langford (1976) studied the effects of a bushfire in very old (200 

years) mountain ash forest of Eucalyptus regnans, which covered 48% of the Maroondah 
catchment in Australia. After the bushfire, runoff was reduced by 24%. The reason for this 
reduction in flow has been attributed to the increased evaporation from the vigorous forest 
regrowth that had a much higher leaf area index than the former very old ash forest. 

 
Conclusion: Notwithstanding the exceptions outlined above, most catchment experiments 
indicate reduced runoff from forested areas as compared with those under lower vegetation 
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cover (Bosch & Hewlett, 1982). Information on the evaporative characteristics of different 
combinations of tree species and soil types is still required to reduce the uncertainty of 
evaporation estimates (30% or more at present). In both temperate and tropical climates 
variation in evaporation between species and soil types is also expected to have a similar 
magnitude of about 30%.  
 
2.2  Forests and tree plantations regulate flows?  
Although it is possible, with only a few exceptions, to draw conclusions with respect to the 
impacts of forests on annual flow, the same cannot be claimed for the impacts of forests on the 
seasonal flow regime. Different, site specific and often competing processes may be operating. 
The direction of the processes, let alone the magnitude of the impact, may be difficult to predict 
for a particular site. From theoretical considerations it would be expected that: 
− Increased transpiration and increased dry period transpiration from forests will increase soil 

moisture deficits and reduce dry season flows. 
− Increased infiltration under (natural) forest will lead to higher soil water recharge and 

increased dry season flows. 
− For cloud forests increased cloud-water deposition may augment dry season flows. 
 
There are observations from South Africa that the increased dry period transpiration of 
plantation forests is reducing dry season flows. Bosch (1979) demonstrated from catchment 
studies at Cathedral Peak in Natal, that pine afforestation of former grassland not only reduces 
annual streamflow by 440 mm but also reduces the dry season flow by 15mm. Van Lill et al. 
(1980), reporting studies at Mokobulaan in the Transvaal showed that afforestation of grassland 
with Eucalyptus grandis reduced annual flows by 300-380 mm, with 200-260 mm of the 
reduction occurring during the wet summer season. More recently Scott & Smith (1997), 
analysing results from five of the South African catchment studies, concluded that percentage 
reductions in dry season flow as a result of afforestation were actually larger than the reduction 
in annual flow. Scott & Lesch (1997) also report on the Mokobulaan research catchments that 
under Eucalyptus grandis the streamflow completely dried up by the ninth year after planting. 
The eucalypts were clearfelled at age 16 years but perennial streamflow did not return for 
another five years. They attribute this large lag time as being due to extreme soil moisture 
deficits generated by the eucalypts, which require many years of rainfall before field capacity 
conditions can be re-established and recharge of the groundwater aquifer and perennial flows 
can take place.  
 
Bruijnzeel (1990) discusses the impacts of tropical forests on dry season flows and concludes 
that the infiltration properties of the forest are critical in how the available water is partitioned 
between runoff and recharge (leading to increased dry season flows). 
 
Conclusions: Competing processes may result in either increased or reduced dry season flows. 
Effects on dry season flows are likely to be very site specific. It cannot be assumed that tree 
plantations will generally increase dry season flows. The complexity of the competing 
processes affecting dry season flows indicates that detailed, site specific models will be 
required to predict impacts. In general the role of vegetation in determining the infiltration 
properties of soils, as it affects the hydrological functioning of catchments through surface 
runoff generation, recharge, and seasonal flows and catchment degradation remains poorly 
understood. Modelling approaches that are able to take into account vegetation and soil 
physical properties including the conductivity and water content properties of the soil, and 
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possibly the spatial distribution of these properties, will be required to predict these site 
specific impacts of forests and tree plantations on dry season flows. 
 
2.3  Forests and tree plantations reduce erosion? 
As with impacts on seasonal flows the impacts of forests on erosion processes are likely to be 
site specific, and again many, and often competing processes, are likely to be operating. In 
relation to beneficial impacts, conventional theory and observations indicate that: 
− The high infiltration rate in natural, mixed forests reduces the incidence of surface runoff 

and reduces erosion transport. 
− The reduced soil water pressure and the binding effect of tree roots enhance slope stability, 

which tends to reduce erosion. 
− On steep slopes, forestry or agroforestry may be the preferred option where conventional 

soil conservation techniques and bunding may be insufficient to retain mass movement of 
soil. 

 
Adverse effects, often related to forest management activities, may result from: 
− Bad logging techniques which compact the soil and increase surface flow. 
− Pre-planting drainage activities which may initiate gully formation. 
− Windthrow of trees and the weight of the tree crop reducing slope stability, which tends to 

increase erosion. 
− Road construction and road traffic which can initiate landslides, gully formation and the 

mobilization of sediments.  
− Excessive grazing by farm animals leading to soil compaction, the removal of understorey 

plants and larger erosion hazard.  
− Splash induced erosion from drops falling from the leaves of tree canopies. 

 
The effects of catchment deforestation on erosion rates, and the benefits gained by afforesting 
degraded and eroded catchments will be very dependent on the situation, and the management 
methods employed. Quoting Bruijnzeel (1990), “In situations of high natural sediment yield as 
a result of steep terrain, high rainfall rates and geological factors, little, if any influence will be 
exerted by man.” Also in situations where overland flow is negligible, in drier land, little 
advantage will be gained from afforestation. Versfeld (1981) showed that at Jonkershoek in the 
Western Cape of South Africa, land cover has little effect on the generation of overland flow 
and soil erosion. On the other hand, in more intermediate conditions of relatively low natural 
rates of erosion and under more stable geological conditions, man-induced effects may be 
considerable. In these situations catchment degradation may well be accelerated by 
deforestation and there may also be opportunities for reversing degradation by well-managed 
afforestation programmes.  
 
Even in these situations, afforestation should not however be seen as a quick panacea. In 
heavily degraded catchments, such as those on the slopes of the Himalayas, so much eroded 
material will already have been mobilized that, even if all the man-induced erosion could be 
stopped immediately, it would take decades before there was any reduction in the amount of 
material carried by the rivers (Pearce, 1986; Hamilton, 1987).  
 
The choice of tree species will also be important in any programme designed to reduce erosion 
and catchment degradation. Recent theoretical developments and observations (Hall & Calder, 
1993; Calder, 1999) confirm that drop size modification by the vegetation canopies of trees can 
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be a major factor leading to enhanced splash induced erosion. These observations indicate that 
the degree of modification is species related, with tree species with larger leaves generally 
generating the largest drop sizes. The use of large-leaved tree species such as teak (Tectona 
grandis) in erosion control programmes would therefore be ill advised, especially if 
understorey removal was to take place. 
 
Conclusions: Competing processes are expected to result in either increased or reduced erosion 
from disturbed forests and forest plantations. The effect is likely to be both site and species 
specific. For certain species, e.g. Tectona grandis, forest plantations may cause severe erosion. 
It is a common fallacy that plantation forests can necessarily achieve the same erosion benefits 
as natural forests. Smyle (Pers. comm., 2000) suggested that the erosion rates in undisturbed 
natural forest might be considered to represent a “natural baseline” or “background” erosion 
rate against which the erosion rates from all other land uses could be compared. The use of 
such an index may well be of value in land use management and the design of realistic erosion 
control programmes.  
 
Although conventional erosion modelling methods such as the Universal Soil Loss Equation 
(U.S. Department of Agricultural Research Service, 1961) provide a practical estimate of soil 
loss from agricultural lands it may not be adequate for the prediction of erosion resulting from 
afforestation activities. Process understanding of the erosive potential of drops falling from 
different tree species is not adequately appreciated and soil conservation techniques related to 
vegetation type, soils and slope characteristics have not yet been fully developed. 
 
 
3.  ONGOING RESEARCH ON THE ROLE OF FORESTS AND WATER   
 
Examples are given of ongoing research in South Africa and Panama, which are addressing 
questions of policy related to land use change involving forestry and the water environment. In 
many ways the policy issues are similar in both countries. They relate to how we can best 
manage forest lands to meet competing demands, for example for timber production, the 
environment, water services and for supporting peoples livelihoods. Underlying these policy 
issues are the values we attach to forests and water products and their impacts on society. 
 
Commercial forestry has often been promoted by development organisations because of its 
perceived environmental benefits. Yet science based research has shown that many of the 
expected environmental benefits (which may in some cases be provided by natural forests) 
cannot be achieved through commercial plantations. Increasingly we are now becoming aware 
of the environmental risks, rather than benefits that have been caused by these plantations. Not 
only is there usually a high cost in terms of lost water associated with fast growing commercial 
plantations but there may also be risks associated with the escape of alien plantation trees. 
 
The two examples given below indicate the need still to improve our understanding of the bio-
physical linkages between forests and the water environment, particularly in relation to the role 
of forests in relation to dry season flows in the case of Panama. In the South African example 
the issue is more in relation to the socio-economic aspects. Assuming a knowledge of the bio-
physical interactions between forest and water, the question is how we can arrive at forest and 
water policy instruments which best provide water resource, economic and livelihood 
outcomes. Alternatively we could view this as: “how can we match resource based development 
objectives with more people-focused, poverty alleviation objectives?”.  
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3.1  Catchment Management and Poverty alleviation (CAMP )  
The government of South Africa has recognised that not only is there usually a high cost in 
terms of lost water associated with fast growing commercial plantations, but there may also be 
dangers associated with “escaping” plantation trees. The South African Government, in the 
February 2000 budget, awarded a billion Rand (over five years) to the Working for Water 
Programme (DWAF, 1996) for the purposes of controlling and eradicating alien invading tree 
species. The expectation is that without this programme the invaders would replace indigenous 
plant species and seriously reduce water resources. The programme also has a major poverty 
alleviation component, through specifically targeting the poorest in society for employment. 
The programme highlights a number of issues relating to forest and water management, issues 
that are probably not specific to South Africa. These include how to devise and implement 
forest and water policy instruments which will meet the requirements of Integrated Water 
Resources Management (water resource, basin economics and conservation) whilst also 
meeting the demands of major international and national donor organisations (e.g. World Bank 
and DFID) that policies should have an equity dimension and support and enhance (particularly 
the poorest) people’s livelihoods.  
 
Clearly these questions also have a spatial dimension, not least because it will be necessary to 
prioritise areas within a catchment to achieve maximum benefits. These issues are being 
addressed in a spatial context within the Catchment Management and Poverty alleviation 
(CAMP) project that is supported by DFID in South Africa, Tanzania and Grenada. The focus 
of the study is the Luvuvhu catchment in the Northern Province of South Africa, Figure 1. 
 
 

 
 
Figure 1.  Land use and settlements where Sustainable Livelihoods assessment was carried out, on the Luvuvhu 
catchment, Northern Province, South Africa.  
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The Luvuvhu catchment demonstrates the acute problems posed for water and land use 
management related to forestry activities. There is potential for a considerable increase in the 
area of commercial forestry, it is presently affected by the invasion of alien tree species, it is 
water short and it has high levels of poverty.  
 
The CAMP project (see Figure 2) focuses on two forest and water related policy instruments 
that are currently being applied in South Africa, the Working for Water Programme and the 
charging of landowners for Stream Flow Reduction Activities (SFRAs). Commercial forestry 
and sugar cane are recognised as SFRAs. The CAMP project is currently assessing the impact 
of these two policy instruments within the Luvuvhu catchment as they affect not only water 
resources and catchment scale economics but also the livelihoods of the poorest in society. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.  The CAMP project in South Africa investigates how two forest and water related policy instruments, the 
Working for Water Programme and the charging of landowners for Stream Flow Reduction Activities (SFRAs), will 
affect water resources, catchment scale economics and livelihoods. 
 
 
3.2  Forests, water and the Panama Canal 
The continued functioning of the Panama Canal is a central concern of the Government of 
Panama. The ownership of the Panama Canal was transferred from the government of the USA 
to the Government of Panama at the beginning of the new Millennium. During the period 
leading up to the change of ownership, major changes were also taking place in relation to the 
institutional understanding of land use and water resource issues. This is now leading to a 
reconsideration of government policies with respect to the management of the canal watershed. 
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Figure 3.  The Bridge of the Americas crossing the Panama Canal 
 
 
With USAID support a Regional Plan (Intercarib/Nathan Associates, 1996) had been produced 
earlier, which advocated a massive reforestation (104,000 ha) of the lands in the Panama Canal 
Watershed that were under agricultural use, primarily livestock production. The report was 
based on the assumption (perceived wisdom) that the reforestation programme would have a 
positive impact on water quality and quantity and erosion, and lead to an increase of annual and 
dry season flows. The proposals in the report were enshrined in a Panamanian Law, Law 21, in 
1997. The Government of Panama later requested the World Bank to support them in designing 
a project that would assist them in carrying out their responsibilities in the watershed under 
Law 21.  
 
As part of the preparatory phase of the project design the World Bank commissioned various 
consultancies and scoping studies to investigate the current land use in the catchment together 
with the hydrological and economic impacts of the proposed change in land use. The Centre for 
Land Use and Water Resources Research at Newcastle University carried out the scoping study 
into the hydrological impacts of the proposed land use change (Calder et al., 2001). The study 
involved the application of the HYLUC spatially distributed evaporation model using local 
information on land cover and land use (Figure 4) and previously published “default” forest and 
non-forest parameter values (Calder, 1999). The model was shown to be able to describe the 
recorded flow regime for three of the major subcatchments of the Panama Canal Watershed and 
three of the experimental catchments operated by the Smithsonian Tropical Research Institute, 
within an error (~10%) which was essentially commensurate with the experimental error of the 
observations. The results in terms of cumulative flow for two of the catchments, the fully 
forested Chagres and partially forested Trinidad, are shown in Figures 5 and 6.  
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Figure 4.  Existing land cover /land use in the Panama Canal Watershed. 

Figure 5.  Rio Trinidad catchment in Panama, measured cumulative rainfall and runoff together with cumulative  
runoff predicted by the HYLUC model for the actual land use (21% forest plantations) and for scenarios of full forest 
plantation and full pasture cover. 
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Figure 6.  Rio Chagres catchment in Panama, measured cumulative rainfall and runoff together with cumulative 
runoff predicted by the HYLUC model for the actual land use (99% forest plantations) and for scenarios of full forest 
plantation and full pasture cover. 
 
 
The predicted reduction in runoff on conversion of full pasture to full forest plantation 
(calculated as cumulative run-off under plantation cover less cumulative run-off under pasture, 
as a percentage of run-off under pasture) ranged from 18% for the Chagres catchment (3420 
mm annual rainfall) to 29% for the drier Trinidad catchment (2222 mm annual rainfall). An 
initial analysis of the hydrological data, without access to stage discharge calibrations in low 
flow conditions and with incomplete data on when changes in land use had occurred, was not 
able to provide evidence for a significant linkage, either positive or negative, between land use 
and the low flow response. A more detailed analysis, linked also to inverse hydrological 
modelling comparing observed and predicted seasonal flows, might be able to establish a 
significant correlation.  
 
However, the study, rather than supporting the conventional wisdom that afforestation would 
increase flows to the canal reservoirs which would enhance the capacity of the canal, indicates 
that annual flows would be reduced and, if there is no significant enhancement of low flows 
resulting from afforestation, the capacity of the Canal will be reduced by ~10%. Aylward 
(2002) reviewing the hydrological and socio-economic issues relating to the Law 21 proposals 
for the Panama Canal concludes that “Further analysis of the low flow issue is therefore 
essential”. 
 
In addition, the scoping study suggested that expected benefits of an afforestation programme 
in terms of erosion control are also unlikely to be achieved. To date, virtually all of the 
commercial planting within the watershed is with teak and herbicides are usually applied to 
reduce competition from understorey weeds. In relation to the discussion above relating to 
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science and public perceptions, the science perception would indicate that this is a situation 
which may lead to not only very much increased rates of soil erosion as compared with the 
current pasture system, but also a possible decrease in water quality. 
 
 
4.  RESEARCH INTO THE EFFECTS OF DRY SEASON FLOWS 
 
Although it is now generally recognised that on an annual basis forests will generally evaporate 
more water than other land uses and will therefore generally reduce annual runoff in rivers or 
recharge to aquifers, the position with regard to the effects on dry season or summer flows is 
far less clear. As discussed above, it is conceivable that competing processes associated with 
forests could result in increased dry season flows. Two examples of situations where it is 
thought that this might be realised are high altitude cloud forests, which tend to occur on 
mountain slopes, islands or in coastal regions, and at the other end of the altitudinal extreme, in 
semi-arid regions with impermeable, often lateritic soils.  
 
In cloud forest locations, it is believed that the principal “competing process” at work is the 
enhanced deposition of cloud water to the aerodynamically rough surface of forest as compared 
with the relatively smoother surface of shorter vegetation. It is known that the enhanced 
aerodynamic roughness above forests can lead to increased “mixing” and enhanced turbulent 
transfer of both heat and water vapour between the atmosphere and the evaporating surface 
such that in wet conditions evaporation rates of water retained on tree canopies can be as much 
as ten times those from shorter vegetation. In cloud conditions, when cloud is passing above or 
through forest, the same enhanced turbulent transfer process will act in an opposite sense by 
increasing the transfer rates of cloud water deposition towards the forest canopy. This 
phenomenon is known as “cloud stripping”. Whereas evaporation rates of intercepted water 
from forest may be as much as ten times those from short vegetation we might expect 
deposition rates of cloud water to forest to be as much as ten times those to short vegetation. 
When cloud conditions occur in the dry season it is quite feasible that cloud water deposition 
can represent a net gain of precipitation to forests which could lead to increased dry season 
flows. If, on an annual basis the total cloud water deposition exceeds the total interception loss 
it is possible that, in some extreme situations, cloud forests may generate, even in the long term, 
greater runoff than catchments with short vegetation. 
 
The significance and magnitude of cloud water deposition as a hydrological process, the 
geographic extent over which it can occur and the possible “feedback” between forest and 
cloud base height are the subject of recent research (Bruijnzeel et al., 1993; Bruijnzeel & 
Proctor, 1995; Gunawardena et al., 1998; Bruijnzeel & Veneklaas, 1998; Bruijnzeel & 
Hamilton, 2000; Bruijnzeel, 2001).  
 
For semi-arid regions the “competing process” may be the increased infiltration rate that we 
might expect under natural forest, or in some circumstances plantation forest, which allows 
water to infiltrate into forest soils at rates higher than those into soils under other vegetation 
types. Particularly in semi-arid regions it is believed that non-forest conditions may lead to the 
formation of impermeable, possibly lateritic soils. In these situations it is conceivable that the 
increased rate of infiltration under forest may outweigh the higher evaporation rate leading to 
increased soil water recharge which may, in turn, lead to increased dry season flows. An 
improved understanding of the ways in which natural and plantation forests affect the 
infiltration properties of soils with different site conditions is crucial in resolving the forest and 
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low flows issue. Collaboration is sought both to help devise improved methods for assessing 
infiltration rates under forest soils and to take these measurements under a wide range of forest 
and non-forest conditions around the world. Of particular value will be studies which monitor 
conditions through a land use change and especially so for studies which monitor conditions 
through a land use change which is then reinstated (Waterloo et al., 1999). 
 
In less extreme conditions the body of evidence would suggest that the reduction in dry season 
flows would be roughly in proportion to the expected reduction in annual flows, as has been 
observed from the detailed and comprehensive catchment studies carried out in South Africa. 
 
Clearly it is important to establish an improved understanding of the conditions under which we 
might expect these dry season flow enhancements and the magnitude of the effect. Not only 
will this be important in relation to questions of watershed management and financial 
upstream/downstream compensation mechanisms, it will also be an important factor in 
affecting the livelihoods of communities dependent on the availability of reliable supplies of 
water throughout the dry season. 
 
4.1  New DFID research initiative 
A new research initiative, which represents the DFID contribution to the UN Year of 
Mountains 2002, funded under DFID’s forestry research programme, is aimed at addressing this 
major “grey” area in our knowledge of forest water interactions, that of the “regulating” 
function, and, more specifically, how forests influence dry season flows. Recognising that these 
influences are likely to be both site and tree species specific, research is being carried out on a 
notional altitudinal gradient across the extremes of cloud forest in Costa Rica to the semi- arid 
zones of lowland India. The hydrological research in Costa Rica is being led by the Free 
University, Amsterdam, in collaboration with other partners in Costa Rica and Europe. The 
socio-economic and “livelihoods” benefits of dry season flows to downstream communities and 
the economic value of dry season flows for other economic uses in Costa Rica are being 
assessed under a linked programme being devised by Bruce Aylward (Aylward Consultants). 
The overall co-ordination of the programme is being carried out by the Centre For Land Use 
and Water Resources Research (CLUWRR) at Newcastle University. Although the current 
focus of this work is directed at Central America and India, collaborating partners are being 
sought from DFID partner countries to extend the scope of this work to other regions where 
watershed management programmes involving forestry have raised similar concerns about 
water resource and livelihood impacts. 
 
 
5. CONCLUSIONS 
 
It is concluded that organisations, which are developing forest valuation and financing 
mechanisms, should be aware that there is a disparity between the traditional public perception 
and the science perception of the role of forests in relation to water. There is a need to move 
towards a reconciliation of these different views. This will require further efforts not only 
directed towards the scientific research but also towards ensuring that research findings are 
better disseminated and “connected” to policy and decision making. Major challenges remain. 
How can we reconcile resource based development objectives with more people-focused, 
poverty alleviation objectives? When we look towards forests for their carbon sequestration 
benefits in mitigating climate change should we not also be considering these benefits in 
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relation to costs in terms of impacts on the local hydrological regime? These are some of the 
questions that still need to be resolved. 
 
 
6. REFERENCES  
 
Aylward, B. (2002). Report to the World Bank as part of the Program for the Sustainable 

Management of the Rural Areas in the Panama Canal Watershed, Aylward, Falls Church, 
VA. 

Bosch, J.M. (1979). Treatment effects on annual and dry period streamflow at Cathedral Peak. 
South African Forestry Journal 108: 29-38. 

Bosch, J.M. and Hewlett, J.D. (1982). A review of catchment experiments to determine the 
effects of vegetation changes on water yield and evapotranspiration. Journal of Hydrology 
55: 3-23. 

Bruijnzeel, L.A. (1990). Hydrology of moist tropical forests and effects of conversion: a state 
of knowledge review. UNESCO International Hydrological Programme, Humid Tropics 
Programme, UNESCO, Paris. 

Bruijnzeel, L.A. (2001). Hydrology of tropical montane cloud forests: A Reassessment. Land 
Use and Water Resources Research (LUWRR), http://www.luwrr.com/ 

Bruijnzeel, L.A. (2002). Tropical forests and environmental services: not seeing the soil for the 
trees? Agric. Ecosystems and Environment. In press. 

Bruijnzeel, L.A. and Proctor, J. (1995). Hydrology and biogeochemistry of tropical montane 
cloud forests: what do we really know? Pp. 38-78 In: Hamilton, L.S., J.O. Juvik and F.N. 
Scatena (eds.) Tropical Montane Cloud Forests. Springer Ecological Studies, 110. 

Bruijnzeel, L.A. and Veneklaas, E.J. (1998). Climatic conditions and tropical montane forest 
productivity: the fog has not lifted yet. Ecology 79: 3-9. 

Bruijnzeel, L.A. and Hamilton, L.S. (2000). Decision Time for Cloud Forests. IHP Humid 
Tropics Program Series 13, IHP-UNESCO, Paris, 41 pp. 

Bruijnzeel, L.A., Waterloo, M.J., Proctor, J., Kuiters, A.T. and Kotterink, B. (1993). Hydrologi-
cal observations in montane rain forests on Gunung Silam, Sabah, Malaysia, with special 
reference to the ’Massenerhebung’ effect. Journal of Ecology 81: 145-167. 

Calder, I.R. (1998). Review outline of water resource and land use issues. SWIM Paper 3, 
International Irrigation Management Institute (IIMI), Colombo, Sri Lanka. ISBN: 92 9090 
361 9. 

Calder, I.R. (1999). The Blue Revolution, Land Use and Integrated Water Resources 
Management. Earthscan, London. ISBN 1 85383 634 6. 

Calder, I.R. (2000). Land use impacts on water resources. Background paper 1. FAO Electronic 
Workshop on Land-Water Linkages in Rural Watersheds. 18 September – 27 October 
2000. http://www.fao.org/ag/agl/watershed/ 

Calder, I.R., Young, D. and Sheffield, J. (2001). Scoping study to indicate the direction and 
magnitude of the hydrological impacts resulting from land use change on the Panama 
Canal Watershed. Report to the World Bank. Centre for Land Use Change and Water 
Resources Research, University of Newcastle. 

Hall, R.L. and Calder, I.R. (1993). Drop size modification by forest canopies - measurements 
using a disdrometer. Journal of Geophysical Research 90: 465-470. 

Hamilton, L.S. (1987). What are the impacts of deforestation in the Himalayas on the Ganges-
Brahmaputra lowlands and delta? Relations between assumptions and facts. Mountain 
Research and Development 7: 256-263. 



Tropenbos International, Wageningen, the Netherlands 
 
 

 
62 

Hamilton, L.S. and King, P.N. (1983). Tropical forested watersheds. Hydrologic and soils 
response to major uses or conversions. Westview Press, Boulder, Colorado. 

Intercarib S.A. and Nathan Associates (1996). Manejo ambiental, aspectos institucionales, 
económicos y financieros. Volumen 1 de 2, Informe principal. Intercarib S.A. & Nathan 
Associates, Inc., Panama, 1996. 

Langford, K.J. (1976). Change in yield of water following a bushfire in a forest of Eucalyptus 
regnans. Journal of Hydrology 29: 87-114. 

Lill, W.S. van, Kruger, F.J. and Wyk, D.B. van (1980). The effects of afforestation with 
Eucalyptus grandis (Hill ex Maiden) and Pinus patula (Schlecht. Et Cham.) on streamflow 
from experimental catchments at Mokobulaan, Transvaal. Journal of Hydrology 48: 107-
118. 

Pearce, A.J. (1986). Erosion and sedimentation. Working paper. Environment and Policy 
Institute, Honolulu, Hawaii, 18 pp. 

Saberwal, V.K. (1997). Science and the desiccationist discourse of the 20th Century. 
Environment and History 3: 309-343. 

Scott, D.F. and Lesch, W. (1997). Streamflow responses to afforestation with Eucalyptus 
grandis and Pinus patula and to felling in the Mokobulaan experimental catchments, 
South Africa. Journal of Hydrology 199: 360-377. 

Scott, D.F. and Smith, R.E. (1997). Preliminary empirical models to predict reduction in total 
and low flows resulting from afforestation. Water SA 23: 135-140. 

Versfeld, D.B. (1981). Overland flow on small plots at the Jonkershoek Forestry Research 
Station. South African Forestry Journal 119. 6 pp. 

Waterloo, M.J., Bruijnzeel, L.A., Vugts, H.F. and Rawaqa, T.T. (1999). Evaporation from 
Pinus caribaea plantations on former grassland soils under maritime tropical conditions. 
Water Resources Research 35: 2133-2144. 

 



Understanding and Capturing the Multiple values of Tropical Forests 
 
 

 
63 

TROPICAL FORESTS AND POVERTY ALLEVIATION – HOW CAN 
BENEFITS BE CAPTURED? 
 
 
Roger A. Sedjo 

Senior Fellow, Resources for the Future1 
 
 
It is a matter of fact that many countries of the world are relatively wealthy without having 
significant (tropical) forests. Observation also reveals that there are a number of countries with 
large tropical forests that have high levels of poverty. Thus, experience indicates that 
possessing tropical forests is neither necessary nor sufficient to poverty alleviation.  
  
This observation is consistent with the observations of some development economists who have 
noted that countries rich in natural resources are often not wealthy countries. Plentiful natural 
resources per se do not guarantee, nor are they even strongly associated with, regional or 
country wealth, to say nothing of the distribution of that wealth so as to generate substantial 
poverty alleviation or freedom from poverty. Clearly the precursors for economic wealth 
involve a number of factors that are different from the simple abundance of natural resources.  
 
Nevertheless, it is important to note that tropical forests, as other types of forest, do provide a 
host of useful marketed and non-marketed goods and services. These include forest foods and 
materials, timber, watershed protection and erosion control, recreation, wildlife habitat and 
biodiversity. An important question is whether these goods and services can, directly or 
indirectly, readily be harnessed to alleviate poverty. The beneficiaries of these outputs and 
services vary, and surely are not confined to those residing in or near the forest. Indeed, tropical 
countries and people residing in tropical forests are often given as examples of poor countries 
and poor people within those countries. 
 
 
1. SOME PROBLEMS IN CAPTURING BENEFITS 
 
This section deals with the market and non-market benefits from tropical forests, the 
opportunities, and some difficulties in capturing compensation for the benefits. Of course, 
market benefits are easier to value and capture, and these have been utilised directly or traded 
for millennia. Some estimates suggest that the tropical forests of parts of SE Asia might provide 
up to as much as $50 per month per hectare to local people from exploiting forest resources, 
without considering the commercial timber values (e.g., Caldecott, 1988). In Thailand, I have 
seen examples of where collected items, mostly foods, are consumed within the family, while 
that in excess of what is consumed is marketed. This, of course, may be a substantial 
contribution to the income of a marginal household, but its contribution to household welfare is 
usually modest. Some studies suggested that forest fruits may generate more revenues to local 
people than timber harvests. However, some of the early enthusiasm has dimmed as the markets 
for specific fruits often turn out to be quite limited and localised, therefore offering no 
opportunity for widespread exploitation. Additionally, more recent studies typically show 
smaller values, for example Godoy et al. (2000). Furthermore, even reorienting forests to fruit 
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production could have profound implications to the forests’ ecosystems. For example, major 
fruit harvests are likely to displace primate populations thereby disturbing the natural processes 
of the forest ecosystem (Peters, 1994).  
 
While the market benefits that can be captured from the natural forests are modest, the problem 
of capturing what are traditionally non-market benefits of forests in markets is likely to be 
difficult. These benefits have flowed for free in the past and trying to require payments for 
them might not be easy. Charging for traditionally non-marketed environmental services 
becomes even more difficult where many small ownerships are contributing to a common 
environmental output such as water quality. Many countries deal with this problem by having 
critical protective forest areas controlled by the state whereby the environmental services are 
maintained and provided through a “protected area” status. For example, where watershed 
protection values are critical, as with a municipal water authority, the land ownership is often 
transferred to the municipality or easements are purchased. An economic interpretation of this 
behaviour is that the externalities are internalised and the transactions costs are reduced by the 
reallocation and rationalisation of ownership. Although this may be an effective means to 
provide the environmental services, it may not bode well for the poor in the society. 
  
In relation to the interests of the local poor, there are at least three problems. First, property 
rights are often absent. This would limit poor people’s ability to capture the returns to 
environmental benefits, even if they could be properly accounted for. In concept, as the 
example above noted, a reallocation of property rights or the creation of easements or some co-
operative type of relationship might overcome this limitation. Second, even with property rights 
present, it would be difficult to single out the respective physical and financial contributions to 
environmental services of each of the many members. Third, if the values are quite small it may 
not be worth establishing property rights (Demsetz, 1967). Thus, the ability of the poor to 
capture the values of environmental services may be limited and the value of these services to 
the local poor are often likely to be small. 
 
 
2. POTENTIAL FOR BIOPROSPECTING 
 
Over the past decade, there have been high expectations regarding the supposed potential of 
bioprospecting, e.g., the collection of samples of plants and organisms with characteristics that 
would make them useful inputs into the search for new drugs or pharmaceuticals, to generate 
substantial economic returns. The performance and apparent success of INBio in Costa Rica 
contributed to these expectations. In the early 1990s a project in Indonesia recommended the 
establishment of a number of bioprospecting reserves, in which bioprospecting would be 
undertaken (ADB, 1992). Appropriate controls and monitoring would guarantee the capturing 
of royalties by Indonesia. One of the major concerns related to these activities was the question 
of how part of these benefits might be captured by local peoples. While the income distribution 
issue can probably be addressed, the more important question is whether substantial values can 
be captured via bioprospecting. Simpson et al. (1996) questioned the likelihood that the forest 
can be protected from conversion to other uses by sufficiently large values captured through 
bioprospecting. The argument is essentially that where high levels of potentially useful 
biodiversity exist, the value of any relatively small part of it (e.g., 1 to 1000 different species) 
as an input to the development of a drug is likely to have modest economic value. 
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By the end of the past decade the enthusiasm for biodiversity as a major input into the 
development of pharmaceuticals, for which high prices could be obtained, had waned 
considerably. This is probably due to the absence of significant financial returns from 
prospecting activities, (e.g., MacIlwain, 1998). The practice of bioprospecting simply has not 
yet provided evidence that it can generate large financial returns. 
 
 
3. WHO BENEFITS AND WHO PAYS?  
 
A fundamental problem may be found in the separate benefits and costs derived from tropical 
forests experienced by different groups. Ecosystem values can be subdivided into local, 
national and global. Institutions and citizens in developed countries have a strong interest in 
saving and protecting tropical forests. However, the vast majority of tangible benefits 
associated with preserving the tropical forests are captured by the region in which the forest is 
located. Watershed protection, erosion control, wildlife habitat, recreation and so forth are 
benefits that accrue at the local or regional level. If so, why is the interest found largely in the 
developed world? An obvious reason is that there are some important “global” benefits, which 
accrue to the developed countries. Two essential global benefits are biodiversity conservation 
and carbon sequestration. Others include concepts of wildness and naturalness as intrinsic 
values of ecosystems. Values placed on naturalness and wildness may be higher in wealthy 
countries. Economists have argued that demand for certain environmental and amenity goods 
increases as the society’s income rises. This tendency may be reinforced if environmental 
quality decreases. Hence, rich societies are able and often willing to pay more than poorer 
societies for clear air and water. 
 
The same may be true for biodiversity conservation, which is often associated with naturalness 
and wildness. Also, the developed societies appear to be willing to pay more for controlling 
human-induced climate change. However, some associated activities need to be undertaken in 
the developing world, such as preserving tropical forests. In this case one might apply the 
economic principle of “user pays” whereby those who feel strongly about preservation are 
willing to provide the financial incentives to those that control the resources, the developing 
world, but are less willing to incur the costs of protection. There have been some initiatives that 
have picked up on this theme, for example “debt for nature swaps” and a nascent market in 
carbon. However, major financial payments are probably necessary to realise protection on a 
massive scale. Note, however, that even if these payments were forthcoming, they would almost 
certainly be made to governments and there is no necessary reason to expect that they would 
find their way to the forest poor. 
 
 
4. CONCLUSIONS 
 
From the above, the following conclusions are drawn. Tropical forests are important and 
generate substantial economic and environmental values. They are not, however, an obvious 
vehicle for addressing poverty alleviation. Capturing these values, particularly values that 
traditionally are non-market, is inherently difficult. Even if these values can be captured, it 
appears unlikely that many of them would be captured by the poor. Although bioprospecting as 
a vehicle for revenue generation and an incentive for habitat protection once appeared 
promising, the promise is not being realised and the prospects need to be reassessed. A 
possibility to realise tropical forest protection on a massive scale might occur if developed 
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countries would provide major financial payments on the basis of their willingness to pay for 
global benefits from forests, such as carbon sequestration, biodiversity conservation, and 
intrinsic values of naturalness and wildness of ecosystems. However, even this approach would 
not guarantee a pass-through of financial transfers to the forest poor. To conclude, the ability to 
substantially alleviate poverty through forest activities is limited and other approaches to 
poverty alleviation of the forest poor are probably required. 
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RAIN FORESTS AND THE POOR. EXAMPLES FROM SIERRA LEONE 
 
 
Paul Richards 

Technology and Agrarian Development Group1 
 
 
ABSTRACT 
 
In poor humid tropical countries, the poorest of the poor often find themselves dependent on 
remaining areas of rain forest. But not all are isolated agrarian populations. In some cases, 
they are footloose youths, driven out of society by educational failure and lack of jobs. In the 
case described - resource rich boundary forests between Sierra Leone and Liberia - they camp 
in the forests, logging, mining diamonds and causing much damage. They also bring with them 
the curse of war. The agrarian poor hardly enter the forest. They are more dependent on the 
resources of bush (secondary forest). To deal with the problems of the footloose young, 
however, a comprehensive overhaul of rural governance and employment structures is 
required.  
 
 
1. DEFORESTATION, POVERTY AND WEALTH 
 
A number of the world’s poorest countries have humid tropical climates and extensive rain 
forests. These forests tend, in the nature of things, to be located in the remotest areas, where 
rural dwellers are among the poorest of the poor (subsisting on less than US$ 0.5-1.00 per day). 
The rural poor depend in significant measure upon forest resources for their survival. 
According to a survey by Geist & Lambin (2002) of 152 studies of deforestation in specific 
regions around the tropics, poverty contributed of deforestation in about two-fifths of all cases. 
In a similar number of cases, deforestation was driven by powerful public officials and private 
investors for their own ends. In other words, the rich are as much a cause of the problem of 
deforestation as the poor. Perhaps to the surprise of some, the Geist and Lambin study found 
little evidence that high rates of population growth affected deforestation. The causes of 
deforestation are to be found in cultural, technological and institutional factors. 
 
In recent years, Sierra Leone has several times been rated the poorest country in the world, 
according to the UNDP social development index, which besides GDP measures education, 
heath, gender equality and other components of social welfare. Studies have repeatedly claimed 
recent run-away deforestation in Sierra Leone (for a recent example see Kaplan, 1994). In fact 
much of Sierra Leone’s forest estate was land in shifting cultivation by the end of the 19th 
century. Government action from the 1920s placed about 2% of the forest zone under 
reservation. Today, the total area covered by closed canopy forest is of the order of 2-3%. 
There may in fact be slightly more closed canopy rain forest in Sierra Leone at the beginning of 
the 21st century than at the end of the 19th. The present Gola Forest reserves on the border with 
Liberia include the main area of closed canopy forest remaining. Documentary and other 
evidence establishes that the Gola reserves were in large part farm land until abandoned in the 
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first half of the 19th century, as a result of trade wars associated with the ending of the Atlantic 
slave  
trade (cf. Richards, 1996a; 1996b). 
 
These trade wars have revived in recent times, and the Gola reserves are now at the heart of a 
complex series of cross-border conflicts. Some authors deem these conflicts to be evidence of 
the overriding significance of economic agendas in African civil war, as in the case of the 
“greed not grievance” hypothesis (cf. Collier, 2000; Berdal & Malone, 2001). The actual 
situation is more complicated. Political and social grievance and economic gain - the impact of 
poverty and the pursuit of wealth - interact in complex ways, reflecting changing patterns of 
forest exploitation involving both rich and poor. 
 
 
2. MULTIPLE FACTORS CONTRIBUTING TO DEFORESTATION 
 
In a comment on the Geist and Lambin study, Kaimowitz (2002) notes deforestation, globally, 
is a complex, multi-factorial problem, and enthusiasts for particular positions can always find 
some instance where a particular argument holds good. The same may apply to the level of 
specific cases. Those committed in advance to particular theories –such as neo-liberalism, neo-
Malthusianism, or “greed not grievance” are likely to misinterpret deforestation, since they 
tend to seize on only those aspects that suits their issue. Deforestation is a problem that needs 
to be grasped “in the round” through painstaking empirical methods. 
 
Social and biological aspects of deforestation in Gola North (the largest of the three Gola 
reserves) were studied from 1987 to 1992 (Davies & Richards, 1992; Richards, 1992, 1996a). 
Wider aspects of the Sierra Leone civil war spreading out from the Gola reserves and Liberian 
border region have been studied in the period since (Richards, 1996b, 1999, 2001). It has been 
established that to understand both deforestation and the war we need to take account three 
distinct groups and their interactions. In the first place, the activities of rival alliances of 
relatively wealthy merchants and politicians involved primarily in cross-border alluvial 
diamond and timber extraction and trade. Secondly, there are poor villagers farming the forest 
edge, mainly dedicated to small tree-crop plantations, ruled by a weak hierarchy of 
patrimonially-organised chiefs. Finally, an important group is made up by the non-agrarian 
poor - “footloose” young people excluded from education and formal employment, who seek a 
living from clandestine forest activities (notably alluvial diamonds and pit sawing). The rival 
factions among the national and international merchant-political classes act as sponsors, 
protectors and financiers of the youthful “footloose” poor. Under conditions of war they also 
train the youthful poor to fight. Alluvial diamond, illegal logging, smuggling and actual combat 
seamlessly integrate. 
 
 
3. THE AGRARIAN POOR 
 
The big surprise of the Gola study was that most resources on which the forest-edge agrarian 
communities depend come from outside the closed canopy forest (Richards, 1992). Periodic 
occupation of land along the forest edge provides the opportunity to establish cocoa, coffee and 
kola plantations. This process of conversion takes places slowly, often over two generations. 
Farmers propagate coffee or cocoa under the large timber trees, “enriching” natural forest. 
After some time a promising area will be thinned to encourage further growth of scattered tree 
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crop plants. A low yield plantation ,still under the tall trees, will be tended for 15-20 years. At 
the end of the cycle farmers will consider taking a once-in-a-lifetime windfall profit by felling 
natural growth timber trees. The land - exhumed from the forest - may then either be taken over 
for a more regular plantation, or brought into the regular short-fallow shifting cultivation cycle 
for rice and other food crops. 
 
The forest-edge agrarian poor intensively use hunted and gathered non-timber forest products. 
But these do not come from closed canopy forest but mainly from farm bush, namely land that 
is part of the regular short-fallow farming cycle. The items include materials for building, 
roofing, tying and weaving. An example is provided by the raphia palm (Raphia spp.) that 
grows plentifully in undeveloped inland valley swamps. The most commonly used medicines 
are garden or farm bush plants. Likewise, the most frequently used wild fruits and vegetables 
come from old farm sites. Villagers building houses or barns need poles from bush that has 
been fallow for no more than 7-9 years. This is the normal interval before land is replanted to 
upland rice, representing a land use practise hardly changed since the 18th century (Richards, 
1996b). Fish netted or trapped in local streams are more important in the diet than meat. Most 
meat is trapped or netted on farms or adjacent fallow land. 
 
Almost the only folk who venture into closed canopy forest are sorcerers looking for rare 
poisons, farmers displaced by colonial forest reservation seeking to reassert ownership rights, 
or “specialist hunters”. These hunters come mainly from outside the region and use guns to 
hunt large mammals such as forest buffalo, red colobus monkeys and chimpanzees for urban 
and overseas markets. Most are initiates of a guild of hunters - tamaboro - from northern Sierra 
Leone (Koranko country). Others have been initiated as members of an equivalent local guild - 
the kamajoi/kamaosoi. Under war time conditions, many young people sought kamajoi 
initiation as part of the process of joining a government-sponsored “hunter” militia. These 
militia were trained and armed by South African and British mercenaries to fight the rebel 
Revolutionary United Front in and around the Gola reserves. With backing from security 
specialists of the South African based company Executive Outcomes, kamajoi fighters attacked 
and destroyed the main RUF base camp in upper Koya chiefdom, on the boundary of the Gola 
West and Kambui Hills South forest reserves in September 1996 This occurred in a cease-fire 
period intended to facilitate a peace process. The failure of this peace process subsequently 
plunged the country into more general war. 
 
 
4. THE YOUNG “FOOTLOOSE” POOR 
 
Econometric analysis by Collier (2000) suggests having a large proportion of poorly educated, 
unemployed young men in the population is one of the best predictors of the “new wars”, 
meaning post-Cold War civil conflicts. This condition is most likely where a country is both 
very poor and has a large proportion of its population at school age, and in the period of first 
adult employment (i.e. 5-24 years). Another factor, Collier notes, is to have a large, relatively 
wealthy, and presumably meddling, diaspora, especially based in the USA. 
 
Both conditions apply to Sierra Leone and Liberia, and help explain the character of the war 
that has washed back and forth across their forested border for a decade or more. The 
proportion of the population of Sierra Leone in the 5-24 age range is 44%. The elites of both 
countries have long educated their own children overseas, particularly in the USA and Britain, 
and try to influence politics from a distance, especially via international development agencies 
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in which their own educated scions find employment. Meanwhile, many children within the 
country find themselves dropping out of local schooling due to impoverishment. Neo-liberal 
“adjustment” has in any case undermined schooling and employment prospects in the formal 
sector. 
 
Those with an uncompleted education find it hard to return to the villages. Recent studies 
(Archibald & Richards 2002; Peters 2002) bring out the extent to which local rulers have used 
the ambiguity of unwritten “customary law” to control the “arrogance” (fitiyai) of young 
would-be returnees to rural self-employment. Many of these young people find themselves 
driven off by arbitrary rules into unregulated cross-border economic worlds –such as the 
resource rich Gola Forest. In one village, sandwiched between the Gola North reserve and the 
Liberian Gola National Forest, 60% of the population in 1990 was engaged in illegal alluvial 
diamond mining (Richards, 1996b). These unregulated activities often take place in closed 
canopy forest, and have destructive impacts on the local drainage conditions. Furthermore, 
clandestine miners in the forest use guns not only for personal protection, but also to decimate 
wildlife populations. 
 
The miner settlements were primary targets for rebel recruitment in the early days of the war. 
Part of the peculiar anger of the RUF is that so many of its adherents, having sweated in remote 
diamond pits in the forest for a pittance, know which members of the merchant/political elite 
act as sponsors and protectors for clandestine diamond mining and illegal logging activity. 
Their war is a revolt against their conditions of employment, and against their employers, for 
raiding the national wealth and using it to educate their own children overseas, while putting 
nothing back into local social services or long-term employment. 
 
Thus - in this case - poverty and wealth are totally interwoven causes of forest destruction. The 
longer term answer is reform of the state and economy, so that the masses of young people with 
limited education can find self-employment in a more dynamic agrarian economy (Richards, 
1999). Rich and poor alike recognise a need for such reform, since even city dwellers have 
become vulnerable to the unstable anger of the young products of rural social exclusion. A 
precondition is to tackle the moribund local systems of rural governance driving the 
“footloose” young rural poor into the arms of groups like the RUF. Where “footloose” poverty 
is a factor in damaging the forest, preventing further damage is less a matter of economic 
incentives for conservation than an issue of governance reform and the extension of human 
rights to the young.  
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THE ECONOMIC VALUE OF TROPICAL FORESTS 
 
 
Camille Bann 
The Centre for Economic Research on the Global Environment (CSERGE)1 
 
 
Awareness of the monetary value of tropical forests has grown considerably over recent years. 
However, in many cases high forest value, often based on significant global benefits, is 
meaningless to decision makers.  
 
The need to understand the values that reside in tropical forests arises from the fact that the area 
of tropical forest, and hence biodiversity and important forest functions, is declining annually. 
Economic valuation seeks to place monetary values on the complex array of goods and services 
provided by forests. The information derived through economic valuation has many potential 
uses including raising awareness, determining damages for loss of forests in liability regimes, 
revising national economic accounts to reflect the values of forest goods and services, and 
facilitating land use decisions. This information, in conjunction with studies of other important 
values such as cultural and spiritual values, can greatly assist in determining the socially 
optimal and equitable uses of forest land. 
 
In the context of land use, it is unlikely that forest land will be set aside for conservation or 
sustainably managed unless such land use options are shown to compare favourably financially 
with alternative commercial uses for forest land such as timber harvesting, tea production, 
cattle ranching or tree plantations. This fact raises the question – can sustainable management 
and conservation of tropical forests compete economically with alternative commercial 
activities? 
 
 
1. FOREST ECONOMIC VALUES 
 
Pearce & Pearce (2001) review and summarise existing empirical studies on forest economic 
values (see Table 1). As Pearce & Pearce stress, forest values are of course site specific and so 
the figures in this Table 1 should not be taken as representative of all forest areas. For example, 
tourism values are not relevant for remote and inaccessible forests, but carbon values would be. 
Non timber forest products (NTFPs) may be significant for a localised area but not for the 
forest site in general. Also, the values cannot simply be added since some uses are competitive. 
Nonetheless, these estimates do give us an idea of the range of values associated with each 
forest component and suggest some broad conclusions. 
 

                                                           
1 The Centre for Economic Research on the Global Environment (CSERGE), University College London, Remax 

House, Gower Street, London WC1E 6BT, United Kingdom. E-mail: cabann@aol.com 
 



Tropenbos International, Wageningen, the Netherlands 
 
 

 
74 

Table 1 Summary of forest economic values. Units: $ ha-1 yr-1 unless otherwise stated. 
 

Forest good or service Tropical forests 
Timber  
   Conventional logging 
   Sustainable logging 
   Conventional logging 
   Sustainable logging 

      
     200-4400  (NPV) 

     300-2660  (NPV) 

20- 440 1) 
30-  266 1) 

Fuelwood                40 
NTFPs          0- 100 
Genetic information 2)         0-3000 
Recreation           2- 470  (general) 

            750    (forests near towns) 
           1000   (unique forests) 

Watershed benefits         15-  850 
Climate benefits  
   (carbon sequestration and storage) 

     360- 2200 (GPV) 3) 

Biodiversity, intrinsic value               ? 
Amenity              - 
Non-use values 
   Option values 
   Existence values 

      
      n.a. 

 2-  12 
            4400   (unique areas) 

 
Source: Pearce & Pearce, 2001.  
Notes: 1) Annuitised net present value (NPV) at 10% for illustration; 2) Bioprospecting values are hotly debated, 

see for example Simpson & Sedjo (1996); 3) Assumes that compensation for carbon is a one off payment in 
the initial period and hence is treated as a present value. It is a gross present value (GPV) since no costs are 
deducted.  

 
 
1.2 Conclusions on forest economic values 
1) The highest values are associated with carbon storage and timber production. However, 

these two values are not additive since ultimately, logging results in carbon emissions. 
Carbon storage is then of the utmost importance to the economic case for conservation.  

2) Conventional (non-sustainable) logging is more profitable than sustainable timber 
management. This means that the non-timber benefits from sustainable forests must exceed 
the general loss of profit relative to conventional logging for the market to favour 
sustainable forestry. While the economic value of NTFPs is low in comparison to the 
outputs of non-sustainable land use practices, it is important to bear in mind however, that 
the importance of NTFPs lies in the role they play in supporting local livelihoods.  

3) Existence values and recreation values of forests are significant for specific areas and 
cannot be generalised. These values do not compete with those of carbon storage and 
timber production unless the forests have some unique features (either unique in themselves 
or as habitat for unique species), or are located near to towns. Unique forests usually have 
high non-use values, in contrast to the very modest non-use values for forests in general. 
Forests close to towns have high values due to recreational and tourism demand and 
familiarity of the forest to people, possibly in combination with the use of NTFPs and 
fuelwood.  

4) Valuation methods almost certainly fail to capture the economic value of biodiversity. This 
is due to the difficulty of estimating the ‘intrinsic’ value of biodiversity. Therefore, only the 
value of genetic information is included in the analysis. 
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2. MISSING MARKETS AND MARKET DEVELOPMENT 
 
Clearly in certain cases, sustainable management of forest areas could be economically viable. 
Why then are (high value) forests continuously being depleted? The underlying causes of 
deforestation and forest degradation are many, including missing markets for non-market forest 
values, high discount rates, lack of secure property rights, adverse government policies, 
population pressure, corruption, and indebtedness. Crucially, in many cases there are economic 
incentives to engage in deforestation or forest damaging activities. Creating economic 
incentives for sustainable forest management should thus go a long way towards addressing 
destructive forest practices2.   
 
High conservation values (e.g., for carbon storage) demonstrated through a valuation exercise 
are likely to mean little to decision makers if they are, in effect, just ‘paper’ values. Without 
markets and mechanisms to capture these values, (poor) countries are effectively faced with the 
dilemma of financing the conservation option, or securing a financial return from an alternative 
commercial land use. There is obviously more chance that conservation will occur in case there 
is an associated real cash flow benefit. Therefore, where sustainable land use does not pay in 
commercial terms, ways of converting non-commercial value to cash flows to stakeholders need 
to be found, in order to compensate them for forgoing non-sustainable use of forest resources. 
Potential approaches for translating benefits to cash flows to forest owners are summarised in 
Table 2.  
 
Much can be achieved at the domestic level, however in cases where a high proportion of the 
total value of a forest represents global values (e.g., carbon storage benefits, value of genetic 
information for pharmaceuticals, nature tourism and existence value), international mechanism 
and agreements are required. Global values might be captured through global conventions, 
transfer mechanism, or internationally tradable emission permits.   

                                                           
2 Very few valuation studies have systematically investigated the incentive systems faced by resource uses that 

explain much of the mismanagement of natural resources.  
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Table 2 Potential cash flows to a hypothetical forest owner 
 

Good or service Initial beneficiary Form of cash flow 
Timber Concessionaire Taxes 
Fuelwood Local communities or 

urban centres 
Usually none 

NTFPs Local communities Usually none or local sales 
Genetic information for 
pharmaceuticals / agriculture 

Plant breeders 
Drug companies 

Intellectual property rights fees, bioprospecting 
fees or royalties 

Tourism/ Recreation Visitors 
Tourism companies 

Markets exist, but countries often fail to capture 
sizeable value due to underpricing and leakage 

Watershed benefits Regional inhabitants Usually none, potential for fees  
(e.g. Costa Rica) 

Climate benefits Global community Joint implementation,  
Clean Development Mechanism,  
tradable carbon permit system, spontaneous 
trades  

Biodiversity (other than 
genetics) 

Local and global 
communities 

Debt for nature swaps, donations 

Amenity Local residents None: capitalised in land and property prices 
Non-use values Local, national and global 

communities 
Environmental funds, debt for nature swaps, 
GEF, donations 

 
Source: Based on Pearce & Pearce, 2001. 

 
 
3. CONCLUSIONS 
 
In order for conservation of forest areas to be economically feasible, such forest areas need to 
secure a financial return in excess of alternative uses. However, the emerging consensus is that 
sustainable use and conservation of forest land have considerable difficulty competing with 
alternative commercial uses such as conventional logging, agri-business and agriculture. 
Unique forest areas of high value are of course exceptions to this rule, but still the value of such 
sites is likely to be based on the kinds of value that could materialise if markets were created. 
Given the difficulties of competing with alternative commercial uses, the possibility of cashing 
in on the other benefits of forests appears to be essential. This involves the development of 
capture mechanisms that are able to effectively finance conservation. Given the current 
knowledge of forest values, it appears that emphasis in this respect would be best placed on 
carbon storage and sequestration and, where relevant, tourism and the sale of samples for 
bioprospecting. Mechanism for appropriating global values are highly important- global values 
often represent a significant proportion of total economic value. However, developing countries 
presently face significant problems appropriating these benefits.   
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REPORT OF THE SEMINAR DISCUSSIONS 
 
 
 Mirjam Ros1 
 
 
1. DISCUSSION THEME 1:  RAIN FORESTS ARE FOREVER 
 
 
Are rain forests forever? Only partly so, says professor Henry Hooghiemstra. He explains that a 
change in climate occurred 4,000-10,000 years ago as a result of which many tropical rain 
forests disappeared. This implies that the past forest cover – what once was – is not the 
potential one. Much deforestation should be attributed to climate change and not to people. 
 
James Fairhead heartily agrees. For him it’s clear that we should not simply blame farmers and 
other forest users for deforestation they are not responsible for. The situation is bad, but not 
that bad. Moreover, he wonders, should we worry about deforestation if lands are productive? 
 
Herman Haeruman is less inclined to tone down the human factor in deforestation. He thinks 
we should take people into account as actors in deforestation in the past and at present. Six 
billion people need food and forests are cleared to provide it. Millions of people depend on the 
forest for their survival. 
 
Arnold Kreveld stresses the importance of tackling dogmas in nature conservation, but observes 
at the same time that the area of well-managed conservation forests is too small. He considers it 
to be dangerous to conclude that the situation is not that bad. We have no idea whether we 
should worry, he notes, so we’d better be careful. 
 
Hooghiemstra shares this concern. In his presentation he had shown that the rain forest is a 
mobile, dynamic ecosystem, which is capable of “moving”. In other words: the rain forest is not 
a standing cathedral. The problem today is, however, that we disturb the forest without giving it 
space to move. The human factor has become a serious threat to the forest in the past 500 years. 
 
A participant from Ghana reports that his country once had a lot of forest, but that much of it 
got lost through forest-migrating people. Seventy percent of the forests disappeared between 
1954 and 1972, and people are to blame for it.  
 
Fairhead opposes that people in Ghana created savannah landscapes on purpose through careful 
local management rather than simply destroyed the woodlands.  
 
Henk Simmons warns that discussing whether the situation is bad or not so bad and who or 
what is to blame for deforestation takes the attention away from solutions. If the problem is 
evolution there will even be no solution at all! 
 
David Boerma agrees with Fairhead in that we should not blame the local population. This may 
have serious policy implications and provide conservationists with arguments to gain more 

                                                           
1 Goethelaan 46, 3533 VS Utrecht, The Netherlands. E-mail:rosm@xs4all.nl 
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control over their resource base. We should question the role of the media in this respect, which 
show images of burning forests. 
 
Van der Groot points to the issue of opportunity costs. Timber certification provides a possible 
solution here, by enabling the integration of the human and economic factor. 
 
Natasha Landell-Mills says that valuation is necessary to inform people. 
 
David Kaimowitz is invited to wind up the discussion. He concludes that there are a lot of 
myths about forests that are not supported by science. Beyond these myths is decision-making. 
Whether the landscape is forest or not depends on what people do prefer. Economic valuation 
can be an input into that, but is also dangerous because it tends to neglect aspects that cannot be 
given an economic value. This is a political problem that asks for negotiations and the outcome 
of these is not at all clear. 
 
What about the intrinsic value of forests then? Manuel Rodríguez claims that sustainable forest 
management should have an ethical basis. Cultural, spiritual and religious values should come 
into play. A tricky one, because what is the value of God – if existing at all? 
 
The final word is to Christina Amoako from Ghana, who firmly disagrees with Fairhead. 
Forests in Ghana have gone down and people were responsible for this, she argues. Maybe we 
should accept that. The reality on the ground is that people depend on the forest and that forests 
are being depleted as a result of illegal activities. Should we wait for scientists from the North? 
Take a precautionary approach? Let’s get real please! 
 
 
2. DISCUSSION THEME 2: TROPICAL FOREST BIODIVERSITY IS CRUCIAL 

FOR THE SURVIVAL OF MANKIND 
 
The presentations made it clear that many species are unknown to science. The question now 
arises what to prioritise: to protect what is known and get into murky waters or find the 
estimated 11.8 million or so unknown species and wait until we can protect them all? Brian 
Boom thinks it is feasible to know all the species within 25 years. Others think that it’s not an 
either/or situation. A lot of taxonomic work is still to be done, but we need not to be impeded 
because we do not know all the species. As Hooghiemstra puts it: “We can do a lot of good 
policy with what we do know.” 
 
Gerard Persoon questions whether tropical forests are really that crucial for the survival of 
mankind. The proportion of forest products in commerce is not so impressive and the 
percentage of useful species is even unknown. There is much romanticism here and science can 
do a lot to unravel the mystery. Not every hectare of forest has a cancer cure in it! 
 
Kaimowitz concludes that these are important questions. With regard to the first one he reminds 
that public opinion is in favour of known species. He overtly wonders who is waiting for 
knowledge about an additional 50 mosquito species. Probably no one. 
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3. DISCUSSION THEME 3: TROPICAL FORESTS PLAY AN IMPORTANT 
ROLE IN CLIMATE REGULATION 

 
Several reactions showed that scientific facts do not always support popular belief regarding 
the water regulating and erosion preventing services of tropical forests. In Cameroon, grassland 
appears to be a better soil cover than tropical rain forest. Similarly, in Brazil it was found that 
grassland protects the soil 10-100 times better than forests do. Hydrological research in 
Thailand showed that in some watersheds rainfall increased after large-scale deforestation, but 
that this – contrary to what is generally believed – did not result in increased runoff.  
 
Olman Segura from Costa Rica argues that it is important to reconcile public and science 
perceptions about the hydrological role of tropical forests, because forests and water cannot be 
considered in isolation from each other. Possible options to do so are interactive research, 
understanding beliefs and better dissemination of scientific results. Our task is to make clear 
why forests need to be saved, he says.  
 
Another reason to debunk myths about the hydrological role of forests is that plantation forests 
do not necessarily demonstrate erosion benefits. Teak plantations are an example. 
Economically, teak is an important species, but it has serious ecological drawbacks such as soil 
depletion, destruction of the understorey and negative effects on water conservation. 
 
The discussion makes clear that we should not only consider carbon sequestration, but the 
water regulating function of forests as well. Possibly, there is a competition between the two 
benefits. As regards the controversies about the water regulating function of forests the adage 
seems to be the Dutch proverb: “Meten is weten” (measuring is knowing). 
 
 
4. DISCUSSION THEME 4: TROPICAL FORESTS CONTRIBUTE TO POVERTY 

ALLEVIATION 
 
A lively debate emerged around the issue of tropical forests and poverty alleviation. Hitherto 
the focus was on the supply side of forests, but here the demand side comes into play. David 
Boerma points to topical issues here: whose values count and who participates in decision 
making? 
 
An example of diverging values relates to bioprospecting. Bioprospecting benefits are generally 
limited for the local population, even though forests are locally important as source of 
medicines. 
 
This brings the discussion to non-timber forest products which, according to Bernard Foahom, 
could provide the link between forestry and poverty alleviation. Richards adds to this that the 
values of timber and non-timber forest products should be integrated into one management 
model. But integrated natural resource management requires a multidisciplinary approach, 
notes Klaas-Jan Beek, and to integrate the various disciplines we need funds. Van der Sande 
claims that science is increasingly capable of making visible what various investments can 
contribute (e.g. through cost/benefit analysis) and how different impacts are interrelated (e.g. 
through system analysis).  
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A participant from Cameroon points to the role of politicians and urges not to put aside the 
local community. What are politicians contributing to good governance? What are the 
incentives for community participation in decision making? The research community also has a 
role here. Books and databases are often not accessible to local people. More attention should 
be given to the dissemination of information. 
 
Lonneke Bakker supports the claim for greater community involvement in decision making. 
Where is the voice of local people, she wonders. In fact we need two bags of money: one for 
conservation and one for local development. 
 
Another issue raised in the discussion is about conflict. Are we creating a new myth, namely 
that “Conflict is bad for conservation”? Or do the modern Robin Hoods keep loggers out of the 
forest? Paul Richards remarks that  the international community has de-politicised war. It was 
not prepared to provide political solutions to local resistance groups, while political 
negotiations with such groups are necessary. 
 
In relation to the same issue, a participant from Colombia remarks that the future of forests will 
become increasingly related to international and global politics. He stresses that we should 
emphasise the conservation of natural resources, e.g. because we need genetic resources for 
crop improvement. The new global economy, through mining and oil exploitation, is a threat to 
tropical forests. Similarly, globalisation of crime also poses a threat to these forests.  
 
To sum up, the participants conclude that in addition to the supply side of forests (products and 
services), there is a demand side that can be influenced by politics. The private sector can also 
take the lead in stimulating sustainable forest management, particularly in the context of 
international trade. As regards the marginalisation of poor people external factors also play a 
role, such as low prices for their products, lack of capacity to add value to products and 
insufficient tax levying. We should support the agenda of local and indigenous people if we 
want to connect them with global concerns. 
 
 
5. DISCUSSION THEME 5: TROPICAL FORESTS ARE PRICELESS 
 
The final round of discussion starts off with the remark that there is no binding law for the 
conservation of ecosystems, sustainable use and equitable distribution of benefits. Market 
values do not exist for all amenities, so financing mechanisms are needed for those biological 
services that do not have market value yet. Unless values are created that can be translated into 
real cash flows, it will not result in a practical contribution.  
 
There are examples of unique sites with forest values high enough to compete with alternative 
land uses. Valuation exercises indicate the kinds of forest values that could materialise if 
markets were created. Carbon sequestration and timber production have the greatest potential in 
this respect. Appropriation is particularly difficult for global values. 
 
The problem is that such payments are optional. Wouter Veening notes that the USA did not 
ratify the Convention on Biological Diversity, and is therefore not obliged to pay for 
biodiversity. The same applies to timber certification, which cannot be imposed according to 
the World Trade Organisation. 
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Another problem is related to the costs of sustainable forest management. José Salazar 
mentions the example of a convention with two timber companies in Peru. Interviews with the 
loggers revealed that they perceive sustainable forest management in terms of less money for 
them and more tax income for the government. The lesson that can be learned from this case is 
that it is difficult to change present institutions. The free-rider mechanism persists everywhere. 
 
For Sweder van Voorst tot Voorst the key question is how to relate tropical forest with poverty 
alleviation. He got new answers this afternoon. He learned that tropical forests are not a micro-
economic but macro-economic asset, with timber and carbon representing the main values. The 
corresponding benefits should be channelled to the local population. He recommends that the 
results of the seminar be communicated to the participants of CoP-6. 
 
Aurelio Ramos stresses that in all these new markets, rules should be defined to get local 
communities and enterprises in these markets. It will not be easy to work at local level, he says. 
Important is to increase people’s consciousness concerning the value of biodiversity. 
 
What then about the potential of trade in carbon emissions? One of the participants remarks 
that the use of fossil fuels is the main problem regarding atmospheric concentrations of CO2. If 
we do not solve that, it is mopping up with the tap open. The same applies to the problem of 
people having no other choice than to go into the forest. If we have no solution for their 
marginalisation and exclusion, we will lose the forest. “But if anyone is willing to pay for 
carbon sequestration, please take the money!”, a participant says. We cannot be sure, however, 
whether carbon sink projects under the Kyoto Protocol will keep the forest intact. The money 
could be used to clear forest elsewhere. On the other hand, carbon sequestration offers the 
opportunity to get a continuous sum of money for nature conservation, which can be used for 
forest monitoring and control of illegal logging. 
 
 
6. FINAL CONCLUSIONS 
 
The discussions of the first day caused some changes in the participants’ opinions. They were 
asked to respond to seven statements at the beginning and at the end of the day. Here are the 
changes: 
 

Morning Afternoon 
STATEMENT 

Yes No Yes No 

Forests are forever 50% 50% 70% 30% 

Tropical forest biodiversity is crucial for the survival of 
mankind 

85% 15% 55% 45% 

Tropical rain forests contribute to poverty alleviation 60% 40% 70% 30% 

Tropical forests play an important role in climate 
regulation 

99% 1% 97% 3% 

It is possible to express the value of forests in economic 
terms 

30% 70% 45% 55% 

Prejudices and fashion influence development and forest 
policy 

95% 5% 98% 2% 

Conservation and development can be combined in 
natural forests 

95% 5% 98% 2% 
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The chairman concludes that many questions remain. “There are many conventions, institutions 
and stakeholders and only one rain forest issue, at least for the people who depend on them. We 
need to get better organised in platforms, networks and global partnerships. Finding more 
governments willing to cooperate. We need a holistic approach and look at the problem from 
different angles. What is not in the statistics, is not priced and therefore “valueless”, so we have 
a lot to do. Let’s get politicians around the table, locally and globally, because we need to come 
to a manageable situation.” 
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CONSERVATION CONCESSIONS - CONCEPT DESCRIPTION 
 
 
Richard Rice 
Chief Economist, Center for Applied Biodiversity Science, Conservation International1 
 
 
1. INTRODUCTION 
 
Conservation of biodiversity-rich habitats presents a challenge to nations wishing to develop 
their natural resources for economic ends. Logging, mining and other resource development 
activities offer the prospect of tangible economic benefits – including employment and income, 
foreign currency from exports, and public tax revenues – but are often environmentally 
destructive. Although sustainable resource management seeks to provide these benefits while 
conserving natural ecosystems, experience suggests that a number of obstacles limit both the 
adoption of sustainable practices and their usefulness in conservation strategies.  
 
To address this problem, the Center for Applied Biodiversity Science at Conservation 
International (CI) has been working in collaboration with Hardner & Gullison Associates, LLC, 
to develop the concept of a ‘conservation concession’, a novel approach that seeks to directly 
reconcile resource protection with development. 
 
 
2. PRINCIPLES OF A CONSERVATION CONCESSION 
 
Conservation concessions hold the potential to protect a wide variety of critical terrestrial and 
marine habitats, ranging from vast tracts of Amazonian rain forest to sensitive fisheries and 
coral reefs in the South Pacific. The tool may also be used to protect the habitat of particular 
threatened or endangered species, such as the Asian elephant, American mahogany, or sea 
cucumbers and other marine species off the coast of Ecuador's Galapagos Islands.  
 
Under a conservation concession agreement, national authorities or local resource users agree 
to protect natural ecosystems in exchange for a steady stream of structured compensation from 
conservationists or other investors. In its simplest form, a conservation concession might be 
modelled after a timber concession, whereby a logging company pays the government for the 
right to extract timber from an area of public forest lands. Rather than log the concession area, 
the conservation investor would pay the government for the right to preserve the forest intact. 
The conservation concession thus presents an alternative opportunity for countries to capitalise 
on vast tracks of forest or other areas of high conservation value. With ultimate objectives that 
include both the long-term protection of biodiversity and the stimulation of economic 
development, this new mechanism offers a land use alternative that conservationists, 
development agencies, governments, and local communities alike can support. 
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3. FIRST AGREEMENTS 
 
CI’s efforts to establish conservation concessions have met with ground-breaking success in a 
number of countries. In September 2000, CI obtained an ‘exploratory permit’ from the 
Government of Guyana to establish a conservation concession that will protect approximately 
80,000 hectares of pristine forest. In April 2001, the Indonesian Minister of Forestry issued a 
public declaration in support of conservation concessions. In Peru, the government recently 
approved new regulations for its Forest and Wildlife Law that for the first time enable 
conservation bidders to compete for the land-use rights of its 67.6 million-hectare forest estate. 
In late July 2001, the country's first conservation concession under this law was granted to the 
Asociación para la Conservación de la Cuenca Amazónica (ACCA), a Peruvian NGO.   
 
 
4. COMPONENTS OF A CONSERVATION CONCESSION AGREEMENT 
 
A conservation concession requires a negotiated agreement between an investor and a 
government or other resource owner. Negotiated elements of the agreement might include: 
− The amount of payments intended to compensate for setting an area aside or foregoing 

specific uses; 
− Duration of the concession agreement; 
− The investment portfolio where these payments will be directed; and 
− Norms and guidelines for monitoring and enforcing natural resource protection. 
 
4.1 Payments  
A conservation concession typically involves periodic payments in return for the conservation 
of a specified area. The opportunity costs of foregoing natural resource exploitation, including 
lost employment and government revenue from taxes, may serve as a basis for determining the 
amount of the payment. Payments may also reflect other costs such as government 
administration and enforcement burdens required as a part of concession operations. The 
benefits that are preserved by maintaining resources intact, such as traditional uses or 
watershed protection as well as the low-risk nature of the conservation payments should also be 
considered. In some cases, the investment required to effectively manage the area may 
constitute a sufficient payment in and of itself.  
 
4.2 Duration  
As with other approaches to conservation, the purpose of conservation concessions is to 
contribute to the permanent protection of ecosystems. Conservation concessions can 
accomplish this in a number of different ways. First, even though individual conservation 
agreements are of a finite duration (typically 15 to 40 years), permanent conservation can be 
achieved through automatic renewal at the end of each term. Concessions can also serve a 
valuable bridging function by providing a politically acceptable transitional status between 
lands allocated to resource development and those given permanent protection. As an 
alternative, conservation concessions can be used to conserve large areas of land over an entire 
region as a temporary measure until a formal network of protected areas can be planned and 
implemented. In this case, even if some land is ultimately returned to resource development, the 
conservation concessions will have played a valuable role in preserving options and 
maintaining ecosystems in pristine condition until parks can be formally established. 
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4.3 Directed investments 
To ensure that the conservation objective is embraced by local stakeholders, payments should 
be directed toward activities that provide employment and improve human welfare, as 
identified in consultation with those affected by the concession. Although the role of the 
investor is not to guide government public-investment decisions, it is reasonable to expect that 
concession payments should provide tangible benefits for those who might otherwise benefit 
from extractive activities. The concessionaire may also voluntarily support investments that 
benefit key stakeholders who are not a formal party to the agreement. 
 
4.4 Conservation norms and guidelines 
To provide a concrete basis for monitoring and enforcement of the concession terms, a 
conservation concession agreement should include clearly defined norms and guidelines. 
Norms specify the mutually agreed-upon balance between conservation and development, 
which may range from no development to traditional uses or sustainable harvests of specific 
resources. Guidelines define the means for achieving this level of protection for the area, 
including minimum standards for regulatory oversight and contingency plans to counter 
unexpected pressures on the area. 
 
 
5. BENEFITS AND LIMITATIONS OF THE APPROACH 
 
Conservation concessions are one of many possible conservation interventions and are more 
appropriate in some situations than others. Conservation concessions may not be appropriate, 
for example, where guaranteed permanence is of preeminent importance or payments are 
impractical for political or institutional reasons. It is therefore important to view conservation 
concessions as a complement rather than as a replacement to national parks and other 
traditional protected areas. Many see the creation of a representative system of parks as a 
fundamental responsibility of any government, even those in developing countries. At the same 
time, it is clear that many countries are hampered in their ability to carry out this responsibility. 
Conservation concessions and more direct funding for protected areas in general should help to 
ease this constraint. Although the broad adoption of a conservation program based on direct 
compensation could create an expectation that all conservation should involve compensation, 
the same problem holds for other types of internationally funded conservation initiatives as 
well. Ultimately, governments and the conservation community must work together to manage 
these expectations by deciding which conservation mechanism is best suited to a particular 
situation. 
 
Apart from these limitations, the use of conservation concessions for resource protection offers 
a number of distinct benefits. 
 
5.1 Stable source of funds for economic development 
Many economic activities, including conventional natural resource extraction yield revenue 
flows that are subject to unpredictable fluctuations. Logging, mining, and tourism revenues, for 
instance, depend on international market conditions. Government revenue streams, moreover, 
are vulnerable to weaknesses in the capacity needed to capture all taxes and fees. Alternatively, 
a conservation concession offers regular, low risk payments of a known amount, denominated 
in a stable foreign currency, for as long as the terms of the agreement are met.  
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5.2 Direct, transparent conservation investments 
A conservation concession yields immediate, transparent conservation that can be easily 
identified on a map and monitored based on readily verifiable norms. Therefore this approach 
can demonstrate clear conservation benefits to potential biodiversity investors. Although 
international willingness to pay for conservation is substantial and increasing, there is a 
growing trend emphasising outcome-based rather than process-based indicators of effectiveness 
of conservation funds. The methodology and concrete geographic basis of conservation 
concessions respond to this trend.  
 
5.3 A market mechanism for conservation 
Under a conservation concession, conservation becomes a product that can be purchased 
directly and provided according to clearly established criteria. In combination with payments, 
the limited term of a conservation concession makes it an attractive option for resource owners. 
At the same time, long-term conservation is possible because of renewable terms, low 
opportunity cost, and high willingness and ability to pay.   
 
 
6. EXAMPLES OF CURRENT AND POTENTIAL CONSERVATION 
CONCESSIONS 
 
The following examples illustrate the range of different types of conservation concession 
agreements that are currently underway or being considered. 
 
6.1 Concessions with governments 
− Guyana: Operating under the existing Forestry Law, CI is seeking a 25-year Timber Sales 

Agreement, to be managed for conservation. CI currently has an Exploratory Permit for 
80,000 hectares along the upper Essequibo River, under which we are allowed to conduct 
the studies necessary to apply for a long-term concession. 

− Peru: After discussions with CI and its partners in 2000 and 2001, the Peruvian 
Government included a provision in its new Forestry Law that legally permits conservation 
concessions as a competitive land use. In late July 2001, the Asociación para la 
Conservación de la Cuenca Amazónica, a local Peruvian NGO, became the first group to be 
granted a conservation concession under the new law. The concession encompasses an area 
of approximately 135,000 hectares in the lower portion of the Los Amigos River watershed.   

− Cameroon: The government of Cameroon recently set aside an area of timber concessions 
between the Boumba-Bek and Dja Reserves, to be occupied by profitable conservation 
uses. CI is investigating the potential for a conservation concession in this context.  

 
6.2 Contracts with indigenous/community groups 
− Guatemala: Recent economic analyses in the Maya Biosphere Reserve show that real 

logging revenues to local communities are likely to decline rapidly on a per capita basis 
over the next 20 years. While communities are required to prevent destructive uses of the 
forest in order to retain logging rights, with the decline in revenues, they would lose this 
incentive. Working under the framework of existing community concessions with the 
government, CI is developing a conservation concession contract with communities 
designed to provide payments, scholarships, and direct employment to allow them to 
continue to function as protectors of their concessions.   
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6.3 Projects targeting specific species 
− Ecuador: CI is engaged in discussions with the Environment Ministry of Ecuador, several 

NGOs and a number of potential funders to develop a conservation concession to protect 
commercial fisheries in the Galapagos National Park. The contract would provide local 
fishermen with an alternative source of payments if they forego harvest of lobster, sea 
cucumber, and other sensitive species.  

− Cambodia: CI is considering a conservation concession with local residents around the 
proposed Cardamom Mountains protected area to reduce hunting of tigers and forest 
elephants. The contract under consideration would provide payments, employment, and 
support for community projects conditional on residents meeting mutually agreed upon 
conservation criteria. 

 
 
7. NEXT STEPS 
 
The conservation concession approach creates a new market for biodiversity, a market that is 
now in its infancy. Several parallel efforts are needed to move this market forward. First, the 
search for concession opportunities must deliberately target a diversity of ecosystems and 
geographic locations, and demonstrate the wide range of possibilities for this biodiversity 
conservation mechanism. For example, CI is examining the potential for a conservation 
concession in Namibia’s biologically diverse arid coastal region, as well as marine concessions 
in Southeast Asia. Second, exploring a variety of partnership arrangements with governments, 
development agencies, NGOs, indigenous groups, and private corporations will expand the 
number of market participants and draw on the strengths of various actors in conservation and 
development. Third, on the supply side, market development will require the creation of 
appropriate institutional, legislative, and regulatory infrastructure in host countries, such as the 
legal instruments CI has promoted in Peru and Guyana. Finally, initiatives to leverage new 
sources of funding will catalyse the demand side of this budding market for biodiversity, for 
example by targeting private sector companies seeking environmental offsets.  
 
This comprehensive set of efforts, which combines research and development with direct 
implementation of the conservation concession approach, is expected to expand the horizons of 
the market, clarify the potential roles of different participants, and set in motion this novel 
market for biodiversity conservation. 
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SILVER BULLET OR FOOLS’ GOLD? A GLOBAL REVIEW OF 
MARKETS FOR FOREST ENVIRONMENTAL SERVICES AND THEIR 
IMPACTS FOR THE POOR 
 
 
Natasha Landell-Mills and Ina Porras 
International Institute for Environment and Development1 
 
 
1. INTRODUCTION 
 
Recent years have seen a proliferation of market-based approaches in the forestry sector. In a 
world where public sector budgets are under pressure and governments are handing increasing 
responsibility to private individuals and companies, market instruments are attractive. Not only 
do such instruments offer tools for guiding private behaviour, they also provide mechanisms for 
sharing costs of forest management and protection with non-governmental actors. 
 
Of the many market-based approaches being put into practice, by far the most ambitious is the 
creation of markets for forest environmental services, including biodiversity conservation, 
carbon sequestration, watershed protection and landscape beauty. Market creation seeks to 
tackle the pervasive problem of “missing markets” for these services by capturing willingness 
to pay from beneficiaries. Where forests provide critical water regulation and quality control 
services, municipal water supply agencies, hydropower companies, water-based industries and 
farmers are all being called on to contribute to forest management. Where forests provide a 
valuable store of genetic diversity, bioprospectors, research institutes, international non-
governmental organisations and donors are being asked to help cover costs of forest protection. 
Where reforestation contributes to the reduction in atmospheric greenhouse gases, major 
emitters are offering to pay for the benefits. In different situations all over the world, “free-
riders” are being asked to pay for the environmental services they consume.  
 
However, widespread enthusiasm for market creation is not matched with practical 
understanding. Little guidance is available on the mechanics of market development, or on the 
consequences of markets for human welfare. The lack of knowledge on what market creation 
means for poor people is of particular concern, for both moral and practical reasons. Where 
poor households live in or near forests the incentives they face are critical to whether and how 
forests are managed. A key question is, thus, whether markets for forest environmental services 
can contribute to poverty reduction, while at the same time achieving efficient environmental 
protection. In short, do markets for forest environmental services offer a “silver bullet” for 
tackling economic, social and environmental problems in the forestry sector, or are they simply 
“fools’ gold”? 
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2. DISTILLING KEY LESSONS 
 
In a recent review by the International Institute for Environment and Development an effort is 
made to shed light on market creation for forest environmental services (Landell-Mills & 
Porras, 2002). The review examines over 280 examples of existing and proposed payments for 
environmental services from all over the globe. The aim is to gain a clearer picture of what 
markets for forest environmental services look like in different contexts, why they evolve, how 
they are evolving and what they mean for human welfare. Key lessons from the review are 
highlighted below.  
 
2.1 Defining effective commodities is difficult  
Usually, it is easy to identify commodities we buy, such as bananas in a farmers market or T-
shirts in a local clothes shop. However, defining a commercial product to represent 
environmental services is extremely challenging. How can we sell watershed protection to 
downstream farmers? When a local community reforests degraded land, how can it sell its 
associated forest sequestration services? Commodities must transform such intangible services 
into clearly defined products that can be exchanged for a payment. In general proxies are used. 
Rather than buying watershed protection services, for instance, downstream users may purchase 
conservation easements. Commodities are designed to suit beneficiaries’ needs, and in some 
cases the same service may be sold to different buyers using different commodities.  
 
2.2 Markets are not only of interest to the private sector  
While the private sector tends to be the main player, non-governmental organisations, 
communities, governments and donors also act as buyers, sellers and intermediaries. Efforts to 
promote markets should capitalise on the enthusiasm of the full range of stakeholders and avoid 
alienating particular groups who may block market development.  
 
2.3 Payment mechanisms are becoming increasingly sophisticated  
Despite their rapid growth in popularity amongst academics and policy-makers, the majority of 
markets remain nascent affairs characterised by unsophisticated payment mechanisms such as 
directly negotiated contracts. Payments often involve high transaction costs and are site-
specific. Yet, the picture is changing. Case-specific negotiations are being replaced by trading 
systems that promote a greater volume of payments at lower costs. By pooling together, buyers 
and sellers spread risks. The emergence of labelling schemes (e.g. biodiversity-friendly coffee 
or certified timber), “over-the-counter” trades that involve a standardised commodity such as a 
carbon credit, clearing-house mechanisms, investment funds and exchange-based platforms are 
all testimony to this trend. Of course, more advanced payment mechanisms may cost more 
money to implement and are not always appropriate.  
 
2.4 Global governance is important for globalising markets  
Global services such as carbon sequestration will tend to have a global set of buyers. But 
market design is also important. Where national authorities design domestic payment systems, 
markets will evolve within these boundaries. Carbon credit markets, for instance, are 
developing fastest where governments have developed national trading rules. Given the 
difficulties of defining internationally recognised property rights and regulatory oversight, local 
markets for global services may offer the best starting point. In the longer-term, flexible and 
low-cost international payment systems depend on clear systems of global governance, 
including transparent rules and systems for monitoring and enforcement.  
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2.5 Markets depend on local cooperative and regulatory institutions.  
Markets do not exist in isolation and should be evaluated with reference to their links to 
regulatory and cooperative structures. Property rights systems, environmental standards and 
monitoring and enforcement frameworks all underpin market success. Community-based 
organisations, networks of friends and family and local systems enforcing contracts are also 
key.  
 
2.6 Market development takes time and effort  
A number of steps are involved in establishing payment mechanisms for environmental 
services. Services need to be identified and clearly linked to forestry activities that will ensure 
their delivery, costs and benefits evaluated and potential resistance pin-pointed, willingness to 
pay established, property rights and commodities defined and the trading infrastructure set up. 
Where equity is a concern, action must be taken to ensure a level playing field and market 
access for all. Time is needed for piloting, feedback and gradual improvement. The process can 
be long and may involve setbacks. 
 
 
3. MARKETS AND THE POOR 
 
Very few thorough assessments of the costs and benefits of emerging markets are found in the 
literature. Most descriptions are general, ad hoc and vague. Moreover, there is a heavy 
emphasis on benefits, and little critical analysis of costs. The lack of analysis is particularly 
prevalent when it comes to the impacts of emerging markets for poor people. Notwithstanding 
these data constraints, emerging insights on costs and benefits of markets in relation to poverty 
alleviation are summarised below.   
 
 
4. POTENTIAL BENEFITS 
 
By helping poor groups transform natural capital embodied in forests into financial flows, 
markets are praised for providing local people with greater flexibility in exploiting their natural 
assets and helping them to reduce vulnerability by diversifying their income base. Markets are 
also thought to provide a mechanism for sustaining important services provided by forests, such 
as maintenance of water quality or protection of soil fertility. These services are often critical 
for poor households’ livelihoods.  
 
 
5. OBSTACLES TO MARKETS BENEFITING THE POOR  
 
While the literature is overwhelmingly positive about markets, the few references to negative 
impacts highlight important concerns. Because the poor often lack property rights, they are 
likely to struggle for a share of new business. Moreover, as markets introduce new 
opportunities for making money, vulnerable groups may find it difficult to retain control over, 
and access to, the resources on which they depend. Poor individuals also lack marketing skills, 
technical knowledge and financial resources for participating in emerging markets. Transaction 
costs, which are already high in new markets, are even higher for disadvantaged groups. 
Ultimately, poor people lack power. Where groups have little voice in the development of 
markets, they risk being marginalised from market benefits.  
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6. POTENTIAL WAYS FORWARD 
 
While the hurdles facing poor people in accessing emerging markets are formidable, they are 
not insurmountable. Innovative ways need to be found to ensure markets act as a force for 
equitable and sustainable development. In order to promote markets that benefit the poor, seven 
essential steps were identified:  
− Formalise forest service property rights held by the poor - to give poor people control over, 

and rights to, returns from environmental service sales. 
− Define appropriate commodities - simple and flexible commodities that can be self-

enforced, and that suit local livelihood strategies.  
− Devise cost-effective payment mechanisms - where regulatory capacity is weak, trading 

skills in short-supply and market infrastructure underdeveloped (e.g. communication, 
information systems, transport, monitoring), simpler payment mechanisms will be most 
effective. 

− Strengthen cooperative institutions - cooperation is critical in allowing poor landowners 
and service beneficiaries to share the costs associated with market participation.  

− Invest in training and education - training in marketing, negotiation, management, financial 
accounting, contract formulation and conflict resolution are important prerequisites for 
effective participation. Technical skills relating to forest management for environmental 
services are also needed. 

− Establish a market support centre - to offer market information, a contact point for 
potential buyers, sellers and intermediaries, and an advice bureau to support the design and 
implementation of contracts. 

− Improve access to finance - finance is needed to prepare, negotiate and conclude 
environmental service deals.  
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TESTING A NEW FINANCIAL METHOD FOR SUSTAINABLE FOREST 
MANAGEMENT IN COLOMBIA 
 
 
Carmenza Robledo A.  
Wood Department, EMPA Duebendorf1 
 
 
Sustainable forest management does not only imply sustained yield forestry and sustaining a 
wider array of forest functions, but furthermore a high degree of economic feasibility and social 
acceptance. With this challenge in mind, the Swiss Federal Laboratories for Materials Testing 
and Research (EMPA) and the forest group of the Worldwide Fund for Nature developed a 
project idea in 1998 with the aim to explore options for long-term financing of sustainable 
forest management in tropical regions (Robledo, 2000). 
 
 
1. ENVIRONMENTAL SHARE-ISSUING COMPANY  
 
As a result, the project proposes the creation of a Sustainable Management Entity (SME) that 
operates as an environmental share-issuing company. Within its area of influence, the SME is 
responsible for the conservation of natural forests and for the sustainable management of 
degraded forests and forest plantations, as well as for improving the living conditions of the 
population. In order to address this goal the SME will implement an integrated financing 
method that combines three financing sources: 
− Private investment in Environmental Shares;  
− income derived from sustainable management of forest goods including timber and non-

timber forest products; and 
− payments for forest services, including carbon storage, watershed management and other 

forest services such as biodiversity conservation. 
 
 
2. ENVIRONMENTAL SHARES 
 
Environmental Shares are shares issued by the SME. A maximum of 49% of the shares are 
tradable at the international stock exchange. The remaining 51% of the shares represent the 
tenure rights and stay in the hands of the local landowners. The international business 
community and other interested parties can buy Environmental Shares. The acquisition of 
shares allows shareholders to obtain an "Environmental Acknowledgment" - issued by an 
internationally recognized organization - which can be used for advertising and promotional 
campaigns. At present it is advantageous for investors, especially from the industry community, 
to be committed to sustainable management of natural resources. The possibility of using an 
Environmental Acknowledgment in advertising is widely recognized as an excellent 
investment. 
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Currently, there are various approaches to monetarise forest services. A new opportunity is 
provided by the recognition of forest sinks by the UN Convention on Climate Change. 
Afforestation and reforestation have been recognized as accountable for projects under the 
Clean Development Mechanism (CDM). The project includes Certified Emission Reductions 
(CER) as a core element in financing a SME. Other possible payments for forest services, such 
as those for watershed management or biodiversity conservation can be considered depending 
on the specific conditions of a SME. 
 
 
3. PILOT PROJECT IN COLOMBIA 
 
In early 1999, four partners engaged in the formulation of a pilot project: the World Bank’s 
forest team, the International Tropical Timber Organization (ITTO), EMPA and CORNARE, a 
Colombian institution in charge of sustainable development at the regional level. The initial 
project of 18 months titled “Alternative Financing Model for the Sustainable Development of 
the Area of San Nicolás” was financed through the ITTO project cycle in November 1999 
(ITTO, 1999). The main objective of this project is to further develop the concept and to test 
the feasibility of the financing method at field level. 
 
The project is implemented in an Andean mountain area in Central Colombia. The total project 
area comprises 72,000 ha, including 30,000 ha for conservation and 42,000 ha of multiple-use 
forest areas, comprising pasture, agricultural crops and forest plantations. The pilot project has 
three specific objectives: (i) to develop an investment and financing plan for the SME; (ii) to 
formulate a forest management plan with participation of the local community; and (iii) to 
ensure the basic social and institutional conditions required for the implementation of the pilot 
project. 
 
 
4. CURRENT SITUATION 
 
The socio-economic conditions in the region are characterised by intensive land-use changes, 
deterioration of the living conditions of the local population and the existence of a violent 
conflict that has deeply affected civil society. These problems have also resulted in forest 
degradation and deforestation, as well as in a reduction of the hydrological potential in the 
region. In addition, a decline of prices has influenced wood processing and marketing of wood 
products in recent years. Local wood products, particularly boxes for banana export and 
handicrafts, have also been replaced by substitutes from other regions. 
 
A positive factor is the high degree of organisation of the local community. Furthermore, a 
CORNARE (Corporación Autónoma Regional del Rio Negro-Nare) inventory indicated that 
there are important forest assets in the region, comprising areas with high potential for 
sustainable forestry and substantial water resources. With these assets in mind, SFM activities 
are planned, based on the participation of different sectors. The activities will include forest 
management (for conservation and multiple-use) and social development, for example through 
generation of local employment, and equitable distribution of benefits. In order to promote 
meaningful participation, a Regional Forum has been established. This Forum steers the 
creation of the SME and is composed of local stakeholder representatives, as well as national 
and international experts in charge of the technical aspects.  
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The pilot project relies on a number of technical, social and institutional conditions: 
− The legislative resolution 016 of 1998, establishing forest conservation areas and multiple-

use forestry areas; 
− The opportunities offered by the Clean Development Mechanism considering afforestation 

and reforestation activities within the multiple-use forestry areas2; 
− The implementation of a participatory and integrative Regional Forum; and 
− The reputation of CORNARE and its international partners in terms of technical capacity 

and  impartiality. 
 
 
5. FUTURE DEVELOPMENT 
 
The main output of the current project phase will be the business plan of the SME. This plan 
will include the results of a comprehensive forest inventory, a forest management plan, the 
definition of the baseline and the project scenario, a program in capacity building, a monitoring 
system (for both SFM and carbon forestry), as well as the identification of investment 
opportunities, costs and benefits. The project partners are optimistic about the implementation 
of the pilot project. A follow-up phase to further develop the investment plan is under 
consideration. The project welcomes new partners that are interested in the proposed innovative 
approach to put sustainable forest management into practice. 
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FISCAL POLICIES IN SUPPORT OF THE FORESTRY SECTOR IN 
AFRICA 
 
 
Adrian Whiteman 
FAO1 
 
 
As part of an EC-FAO Project on sustainable forest management in Africa, FAO is working 
with African countries to examine the effect of fiscal policies on the implementation of 
sustainable forest management. Twenty-eight countries have participated in this project so far 
and produced reports on their forest revenue systems and government expenditure in the 
forestry sector. In total, these reports cover most of the African countries with significant forest 
resources. As part of their reports, authors were asked to examine issues such as: the effects of 
their forest revenue systems on sustainable forest management; the effects on forestry of fiscal 
policies in other sectors; and innovative sources of finance for sustainable forest management.   
 
 
1. CURRENT STATUS OF INNOVATIVE FINANCING 
 
The country reports produced for the project revealed that innovative or new sources of finance 
to support investment in the forestry sector are currently not very well developed in Africa. 
However, a few countries did report some innovative mechanisms that they have been 
exploring. In Africa, the main sources of finance for forestry administrations can be categorized 
as: charges levied on the major forest products and services; the state budget allocation to the 
forestry administration; and donor grants and loans for forestry projects. There is no precise 
definition of innovative financing, but this can be broadly described as any mechanism by 
which the forestry administration attracts new sources of investment in forest management 
outside of these traditional channels. Three main sources of innovative financing for forestry 
administrations were identified: revenues from new types of forest products and services; 
charges collected from other sectors; and new sources of public and private investment. 
 
 
2. NEW TYPES OF FOREST PRODUCTS AND SERVICES  
 
It is generally accepted that forests produce a wide range of goods and services, but that 
markets do not exist for many of these outputs. Attempts have been made in a number of 
countries to try to develop markets for some of these outputs, but progress in Africa has been 
limited to date. This approach tends to work best where the consumers of these products or 
services can be clearly identified and an agreed value or price for the output can be established.  
 
In terms of revenues from new types of products and services, the forestry administration in 
Malawi has started to rent unused forest workers houses to forest visitors. In Tanzania, forest 
land can be leased for a wide range of commercial activities (such as telecommunication 
facilities, mineral water extraction facilities, hydropower and large-scale irrigation facilities). 
Nearly all other African countries only collect forest revenue from traditional wood and non-
wood forest products and services. The collection of charges from ecotourism activities is quite 
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common in a number of countries (for example in Ethiopia, Burundi and Niger), but the 
revenue from these activities is mostly very small and it is questionable whether this can be 
considered as an "innovative" source of finance. 
 
 
3. CHARGES COLLECTED FROM OTHER SECTORS  
 
Some of the non-market outputs from forests are more general and it is not possible to identify 
precisely who benefits from these outputs or to establish markets for them. An alternative to 
trying to charge for these outputs individually is to collect charges in the sector that benefits 
from the forestry sector and to transfer this revenue to the forestry administration.  
 
An example of this is provided by Burkina Faso, where there is a regulation that states that 3% 
of the revenue collected from taxes on tobacco, matches, petrol and oil should be put into the 
Forestry Equipment Fund. However, the report from Burkina Faso notes that this regulation has 
not been implemented. There is also a proposal in The Seychelles that tourists would have to 
buy a "Gold Card" for US$ 100 when they enter the country. The card would be valid for life 
and would allow them to enter recreation sites (including forests) for free. The revenue 
generated from this would be used to support management activities at these sites. Other than 
these two examples, all of the other countries only seem to collect revenue from the forestry 
sector. 
 
 
4. NEW PUBLIC AND PRIVATE SOURCES OF INVESTMENT 
 
The two examples above have described new types of revenue. Another form of innovative 
financing is to encourage new types of investors into the forestry sector. For example, 
partnerships can be developed between the state and the private-sector or non-governmental 
organisations (NGOs) to invest in forests for benefits other than commercial timber production 
(e.g. conservation, recreation or water catchment protection). In the commercial sector, there 
are new types of investors who are looking for opportunities to invest in environmentally 
friendly wood production. In addition, the priorities of donors are changing gradually over time. 
Funding for traditional forestry projects is declining as donors focus their attention on broader 
environmental concerns and poverty reduction. The forestry sector can contribute to these 
programmes, but foresters must develop new and innovative types of projects that will attract 
such funds. 
 
The country reports do not mention any mechanisms to attract new types of private investment 
in forestry. However, there are some examples of new types of funding partnerships in 
countries, such as forest parks that are managed with the support of international NGOs (e.g. 
Conservation International’s work with local counterparts in Kakum National Park in Ghana). 
If broader revenue-sharing and joint forest management with local communities is considered 
as an innovative source of finance, several African countries have either already implemented 
such schemes (Niger for example) or are planning to do so (Zambia) and many of the country 
reports described such schemes. A few countries have obtained funding from major 
international environmental funds, such as the Global Environmental Facility (GEF), but most 
foreign assistance to the forestry sector still comes in the form of loans and grants for 
traditional forestry projects. 
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5. CURRENT DEVELOPMENTS 
 
Countries recently discussed how they could improve the financing of sustainable forest 
management at a technical workshop on fiscal policies and the forestry sector in Nigeria in 
November 2001. Amongst other topics, the potential for innovative financing mechanisms in 
the forestry sector in the region was examined and countries produced some ideas about how 
this might be developed further. Countries discussed the potential to develop new sources of 
finance, the constraints that they might face and the sorts of technical assistance that might be 
helpful.  
 
Countries suggested that the following new sources of finance might have the most potential: 
charges on non-wood forest products (e.g. bee-keeping, fruit, traditional products); charges on 
non-forest uses of forest land (livestock grazing, ecotourism and general tourism development); 
bioprospecting; carbon storage; watershed protection; and debt for nature swaps. Another 
interesting suggestion was that taxes might be levied on consumers of forest products rather 
than producers. Countries noted that most of the barriers to such developments were likely to be 
political or institutional (e.g. conflicts of interest, uncertainty over land tenure, lack of political 
support) rather than technical. In terms of support, countries felt that assistance to overcome 
some of these problems would be most useful in the form of training and local and international 
networking to share experiences and learn from each other. These recommendations are 
followed-up by FAO in selected countries2.  
 

                                                           
2 Further information can be found under "Planning and Statistics" at:  

http://www.fao.org/forestry/fo/subjects/subj-e.stm, or can be obtained from the author. 
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VALUATION OF HYDROLOGICAL SERVICES PROVIDED BY 
FORESTS IN COSTA RICA 
 
 
Virginia Reyes*1, Olman Segura*2 & Pita Verweij**3 

*    Centro Internacional de Política Económica para el Desarrollo Sostenible (CINPE) 
** Copernicus Institute for Sustainable Development and Innovation, Utrecht University 
 
 
In 1996, the government of Costa Rica created Forest Law 7575 in order to accomplish new 
strategies in support of the development of the forestry sector. This forest law evolved from a 
period of three decades of forest policies and introduces paying owners of forested property, or 
property in the process of reforestation, to compensate for the environmental services provided 
by their activities to society in general. The acknowledged environmental services include 
regulation of hydrological cycles, scenic beauty, carbon sequestration, and biodiversity 
conservation. How to value and pay for these environmental services is a process of evolution, 
which also corresponds to a set of innovations in the forestry sector as briefly explained in this 
paper.  
 
 
1. PAYMENT OF ENVIRONMENTAL SERVICES 
 
Nowadays, the actors involved in the forest sector are more dynamic and pro-active than ever 
before, and the range of marketed goods and services from the forest has broadened. It is now 
widely accepted that forests are ecosystems, which besides producing timber, seeds and a few 
other marketable non-wood products, also produce ecological services that provide benefits to 
society in general and the economic sub-system in particular. These “new” services, described 
in Table 1, can only be maintained and further developed on the condition that plans for 
sustainable forest management and conservation are implemented.  
 
The novelty of these forest services lies in their introduction into the economic sub-system. 
New opportunities are emerging for the development of the forest sector and for nature 
conservation, to be pursued in interaction with other societal goals. Until recently, these 
services were not considered as part of the national economy of any country, nor as elements of 
the learning economy4. As indicated in Table 1, some of the services are entering the economic 
sphere of society either through the market or through public investment and consumption.  
 
 
 
 

                                                           
1 Centro Internacional de Política Económica para el Desarrollo Sostenible (CINPE), Universidad Nacional, P.O.Box 

555-3000, Heredia, Costa Rica. E-mail: mreyes@una.ac.cr 
2 Centro Internacional de Política Económica para el Desarrollo Sostenible (CINPE), Universidad Nacional, P.O.Box 

555-3000, Heredia, Costa Rica. E-mail: osegura@una.ac.cr 
3 Copernicus Institute for Sustainable Development and Innovation, Utrecht University, Padualaan 14, 3584 CH 

Utrecht, The Netherlands. E-mail: p.a.verweij@chem.uu.nl 
4  The concept of learning economy is based on the idea that learning and innovation are interactive, cumulative 

processes, which depend on the structure and change of the institutional set-up of the economy (Johnson, 1992). 
This also applies to the forest sector in Central America, as described by Segura (2000). 
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Forest environmental services may also be divided into market and non-market services. As the 
name indicates, the latter services are not valued monetarily, but may be of high ethical, 
biological or economic value. The problem is that the topic of the internalisation of forest 
environmental services is being debated nationally and internationally, but the process of 
coming to an agreement is expected to take a long time. Therefore, Costa Rica is taking the lead 
by incorporating four forest services in the market through different policies based on the 
Forest Law. Some of these services are becoming “products” or marketable services at the 
international level sooner than others are, as is the case for carbon sequestration by forests5.  
 
 
Table 1      Markets for goods and services provided by forests in Costa Rica 
 

Forest goods and services Development of markets 
1.  Timber ++ 
2.  Non-timber forest products + 
3. Carbon sequestration + 
4.  Regulation of the water cycle, flood control +/- 
5. Control of erosion and sedimentation  +/- 
6. Regulation of micro-climate - 
7. Wind and noise control - 
8. Maintenance of resilience - 
9. Landscape amenities, scenery - 
10. Recreation and ecotourism + 
11. Cultural and religious services - 
12. Information for bioprospecting +/- 
13. Preservation of the ecosystem and biodiversity +/- 

 
Explanation of symbols: ++ : well developed; + : existing; +/- : incipient; - : absent. 
Source: modified after Segura et al., 1997. 
 
 
The implementation of the principles of the Forest Law through a program of Payment of 
Environmental Services (PES) comprises two types of mechanisms. Firstly, it includes 
monetary compensation by Costa Rican society to private landowners either for maintenance of 
primary forest, establishment of forestry plantations, or forest management. Secondly, different 
types of voluntary agreement were established with hydropower companies and a brewery 
company, which also bottles water. Negotiations with several hotels and tourism agencies are 
taking place. 
 
From 1997 to end of 2000, the PES program included 251,226 ha of private landowners (4.9% 
of Costa Rican territory). Of these, 212,333 ha correspond to forest protection, 15,202 ha to 
forestry plantations and 23,691 ha to forest management. The forest owners receive payment 
from the National Forestry Fund FONAFIFO that counts with funds provided by the national 
government. Of the taxes collected from fossil fuels, 3.5% goes to FONAFIFO, which allows 
the compensation to private landowners. In addition, the existing voluntary agreements also 
provide financial resources, resulting in the payment of 17,611 ha.  
 
 
 
                                                           
5  It is estimated that forests and forest plantations in Costa Rica sequester 28.2 tons of CO2 ha-1 yr-1 on average, 

equivalent to 7.7 metric tons of carbon.  
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2. RESEARCH IN SUPPORT OF PES 
 
FONAFIFO needs a solid basis for negotiation of voluntary agreements. Both the Forestry Law 
(1996) and Biodiversity Law (1998) define the criteria for payment of environmental services 
but do not define the type of financial instrument nor the monetary amount that should be paid. 
FONAFIFO should establish these mechanisms on the basis of scientific studies, of which the 
following is an example.  
 
The research project on “Parameters for the economic valuation of the hydrological services 
provided by forest and forestry plantations in Costa Rica” was recently developed by CINPE. 
This study reviews the Costa Rican experience in the establishment of PES agreements for 
hydrological services and develops economic valuation tools in order to create or renegotiate 
settlements with private or governmental organisations.  
 
 
3. VOLUNTARY AGREEMENTS 
 
The review of PES agreements for payment of hydrological services showed that voluntary 
agreements can be classified into two categories. On one hand, there are private agreements 
established between an NGO and a private company. An example is the agreement since 1998 
between the hydropower company La Esperanza and the conservation organisation Asociación 
Conservacionista Monteverde, where the company pays 10 US$/ha per year to the NGO for 
hydrological services of forests in the Peñas Blancas watershed.  
 
On the other hand, FONAFIFO6 established agreements with private companies. The following 
are three examples of this kind of settlements:  
− Energía Global has two hydropower plants in the Volcán and San Fernando watersheds and 

pays 10 US$/ha per year during five years since 1997.  
− The Empresa Eléctrica Platanar located in San Carlos has recognised an expenditure of 15 

US$/ha per year during five years. In addition, this company signed an extension in 2000 
that includes payment of 30 US$/ha per year to landowners, including those without 
official land titles, for a period of 10 years.  

− The Compañía Nacional de Fuerza y Luz signed an agreement in 2000, where 47 US$/ha 
per year is compensated to landowners with or without land title during 10 years in three 
watersheds.  

 
 
4. FEE ON DRINKING WATER 
 
Another interesting case is the hydrological fee established in the year 2000 by the drinking 
water Company of Heredia in three minor watersheds in the Central Valley of Costa Rica. 
There is no institutional agreement with FONAFIFO nor the Ministry of Environment. The 
company collects 0.0057 US$/m3 for consumed water, to be reinvested in forest conservation 
and reforestation within the same region.  
 
                                                           
6   FONAFIFO (National Forestry Fund) is operationally independent of the government and has legal identity and 

recognition; however, the board of directors has three members appointed by different governmental offices, 
namely the Ministry of Agriculture (MAG), Ministry of Environment and Energy (MINAE) and the Central Bank 
(BCCR), plus two private sector representatives. 
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5. ECONOMIC VALUATION 
 
The valuation study focuses on hydropower and domestic consumption, and aims to estimate 
the value of the hydrological services provided by forests in four watersheds: Peñas Blancas, 
Reventazón, Savegre and Pejibaye. The first two rivers drain to the Atlantic coast and the other 
two to the Pacific coast of Costa Rica. In these watersheds are located important communities, 
which live from coffee production, double-purpose and dairy cattle ranching, forestry, and 
cultivation of flowers and ornamental plants. The hydrological criteria evaluated include the 
increase or decrease of runoff, flow regulation and maintenance of water quality. Furthermore, 
the feasibility of setting up new hydropower plants is being evaluated for all four rivers.  
 
The hydrological results in relation to runoff show that an increase of 1% of forest cover 
implies a minor decrease in runoff (0.07%). This result is congruent to findings of different 
recent studies as cited in the literature. There was no significant effect of forest cover on flow 
regulation, probably because it was masked by influences of the El Niño - Southern Oscillation 
(ENSO, El Niño y La Niña events). Finally, for none of the watersheds it was possible to show 
significant changes in the production of sediments in relation to changes in forest cover. Due to 
the interaction of multiple variables and their variation in time and space (different watersheds), 
the regulatory functions of the forest could not be isolated in the statistical analysis, especially 
since sufficient information to control for these variables was lacking. Impacts of changes in 
forest cover may take a long time before they can be measured, for example in terms of the 
production of sediments. These findings do not prove, nor reject the beneficial effects of forest 
cover on hydrological processes, which leads the authors to recommend the application of the 
Precautionary Principle. 
 
The study considers social, biophysical and economic aspects of valuation of environmental 
services. In order to estimate the economic value of the ecological services provided by forests, 
the costs of changing from the main agriculture activity to forest were assessed, and the costs of 
maintenance of forest cover. The opportunity costs include the costs and benefits of forestry 
activities and environmental education. Market prices were used as these are based on available 
and reliable data.  
 
 
6. VALUATION RESULTS 
 
A range of values has been estimated for the overall ecological services provided by forests in 
the four watersheds. Based on replacement and maintenance cost, these values7 are estimated at 
100 US$/ha per year for Peñas Blancas, 133 US$/ha per year for Reventazón, 138 US$/ha per 
year for Savegre, and 176 US$/ha per year for the Pejibaye watershed. This implies that if 
forest cover is preferred in relation to the provision of hydrological services and is to be 
guaranteed in the long term, the landowners would have to receive at least 100 US$/ha per year 
in terms of additional income in order to protect forest cover or commit themselves to 
reforestation activities.  
 
Hydropower companies of course would be willing to pay only for the hydrological services 
related to hydropower generation. If other forest ecological services would also be paid for, by 
means of benefits from ecotourism, carbon sequestration or biodiversity conservation, the 

                                                           
7   Note: the values correspond to the present value of the net benefits (discount rate 9.8%). 
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amount could increase to meet the opportunity cost. However, in the case of Pejibaye watershed 
for instance, it should be questioned whether the internalisation of benefits from forest cover 
could form a competitive alternative to the current highly profitable coffee cultivation 
activities. There, it seems worthwhile to explore the possibilities of adaptation of the existing 
land use (e.g. by changing to coffee with shade trees). 
 
 
7. PERSPECTIVES AND CONCLUSIONS 
 
The research resulted in the description of proper mechanisms for implementation of PES in 
relation to hydrological services. This provides tools in support of policy mechanisms that will 
encourage FONAFIFO negotiations with private and governmental organisations that consume 
water. The Precautionary Principle was in this case applied for calculations of the value of the 
hydrological services. The  outcomes provide policy makers with a point of departure, in order 
to generate policies and set up prices, not necessarily equal to the value calculations.  
 
Future studies should pay more attention paid to hydrological information and the impacts of 
different land use systems on the hydrological cycle, rather than focussing on different 
methodological approaches in economic valuation. More studies of this kind are needed, 
especially considering different watersheds in the country.  
 
The research also recognises the emergence of a change in the forest sector towards virtuous 
circles, including positive externalities and generating new sets of values attached to the forest. 
This fact may introduce innovations and improve the sustainability and competitiveness of the 
sector. The valuation of forests in a more integral manner, including not only the value of 
hydrological services, but also of biodiversity andbioprospecting activities, carbon 
sequestration and natural scenic beauty, which are considered in the Forest Law, will probably 
not only permit the possibility of maintaining the resource base in the long run, but also create a 
stimulus for the provision and marketing of new forest goods and services. Forest engineers, 
consultant firms, universities, research centres, insurance companies and other groups are now 
becoming more actively involved in the forest sector precisely due to the changes just 
described.  
 
In Costa Rica, change in institutional development towards more environmental considerations 
has been slowly introduced, through policies, regulations, subsidies and other economic and 
non-economic instruments. The correct application of these new economic instruments seems 
fundamental to motivate the rural population to take a more active role in reforestation, forest 
management and conservation. 
 
In a broader sense, an important recommendation to policy makers of Costa Rica and other 
countries involved in the development of financing instruments in support of local and national 
forestry strategies, is to seriously consider the payment of environmental services and to 
continue investing time and resources in making comparable valuations of these services.  
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INNOVATIVE FINANCING MECHANISMS FOR CONSERVATION 
AND SUSTAINABLE MANAGEMENT OF TROPICAL FORESTS - 
ISSUES AND PERSPECTIVES1 
 
 
Pita Verweij�
Copernicus Institute for Sustainable Development and Innovation2 
 
 
1. INTRODUCTION  
 
The aim of this discussion paper is to give an overview of findings concerning the development 
of innovative financing mechanisms in support of conservation and sustainable management of 
tropical forests. This includes different phases of development, such as conceptual design, the 
creation of institutional set-ups, pilot projects, and wider implementation. The winter 2001-
2002 issue of ETFRN News (2002), which is dedicated to the same theme, has provided an 
important background to the paper. The newsletter presents an inventory of innovative cases of 
financing mechanisms throughout the tropics. Other examples from the literature were used to 
place these innovative experiences in a wider perspective.  
 
This paper starts by defining innovative financing mechanisms and the key problems they seek 
to overcome. A typology of financing mechanisms is then presented, followed by illustrations 
how mechanisms are currently developed for each category. Policy frameworks, regulations and 
enabling factors are dealt with, identifying some factors that influence the effectiveness of 
financing mechanisms. Finally, we present conclusions in the form of preliminary lessons learnt 
and recommendations as to further steps that can be undertaken to advance the development of 
financing mechanisms. 
 
What are the problems that innovative financing mechanisms seek to overcome? The necessity 
to counteract undesired land use changes and to maintain forest ecological services is a 
principal driving force. The Global Forest Resources Assessment 2000 revealed that the 
estimated annual deforestation rate world-wide in the nineties was 14.6 million ha (FAO, 
2001). Degradation processes that have not led to forest loss are however not reflected in this 
figure. Underlying causes include poverty, population growth, market demand for forest 
products, and macroeconomic policies. A better insight in the value of forest services may 
contribute to their maintenance by increasing investments into sustainable forest management 
and conservation. 
 
An innovative financing mechanism (IFM) is defined here as an institutional arrangement that 
results in the transfer of new or increased financial resources from those willing to pay for 
sustainably produced goods and/or forest ecological services, to those willing to provide these 
goods and services in turn. The overall goal of developing IFMs is to help forest managers add 
financial value to their forests based on the benefits they generate, thus increasing the 

                                                           
1 Paper commissioned by Tropenbos International, Wageningen. The paper does not necessarily reflect the views of 

Tropenbos. 
2 Copernicus Institute for Sustainable Development and Innovation, University of Utrecht, Padualaan 14, 3584 CH 

Utrecht, The Netherlands. E-mail: p.a.verweij@chem.uu.nl 
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incentives to conserve and restore forests. There are two different ways in which an IFM can be 
effective. Firstly, an IFM can “capture” the non-market values of ecological services through 
some kind of economic transaction, thus creating new markets. On the other hand, the IFM can 
charge on the non-marketed portion of people’s willingness to pay for forest goods, thereby 
increasing the market value of forest goods that are produced in a sustainable way. 
 
IFMs are different from incentive measures. The latter category includes not only economic 
measures, but also regulatory measures, the provision of information, and institutional capacity 
strengthening (Mountford & Keppler, 1999). Incentive measures can deliver a minor share of 
the total required finance, whereas IFMs comprise a wide range of market mechanisms that 
finance the desired outputs fully, or to a large extent. An overlap between incentive measures 
and IFMs can be identified in the area of economic incentives (taxes, charges, tradable use 
rights and subsidies) and regulatory measures as far as these result in compensation payments 
(e.g. development or access restrictions, compensation for negative environmental impacts). 
 
 
2. TYPES OF INNOVATIVE FINANCING MECHANISMS 
 
Richards (1999) classifies (innovative) financial incentive mechanisms into four main 
categories: 
- transfer payments involving the transfer of costs or benefits between different stakeholders, 

including fiscal market-based instruments and international transfer payments; 
- the promotion of market or trade-based approaches; 
- promoting and influencing private or public investment flows; and 
- a property rights approach in which property and utilisation rights are created, clarified, or 

modified. 
 
For all four categories, a distinction is made between domestic and international incentive 
mechanisms. The category of the property rights approach illustrates that the classified 
mechanisms do not all represent financing mechanisms. Powell & White (2001) presented a 
typology of incentive mechanisms according to the degree of government intervention in the 
administration of the mechanism. They distinguished three indicative categories, including self-
organised private deals, trading schemes, and public payment schemes. 
 
Another type of classification is possible according to type of ecological service on which the 
mechanism is based. IFMs aimed at capturing the value of specific forest services are usually 
associated to certain types of institutional arrangements. For instance, the markets for water-
related forest services are usually localised at the scale of watersheds, whereas the markets for 
biodiversity conservation and carbon sequestration are of a global nature and therefore involve 
international stakeholders. In this paper, we have chosen the type of ecological service as the 
main entry point. For each category of ecological service or combination of services, different 
institutional arrangements are evaluated. According to the type of institutional set-up, 
international transfer payments, market mechanisms, private-public arrangements, and public 
schemes were distinguished. Table 1 presents an overview of (innovative) financing 
mechanisms according to these ordering principles. 
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3. EXAMPLES PER CATEGORY 
 
3.1  Financing biodiversity conservation 
In vulnerable forest ecosystems, resource development aimed at economic benefits often leads 
to destructive practices. How can resource protection be reconciled with development? To 
address this problem, the Center for Applied Biodiversity Science at Conservation International 
has developed the concept of ‘conservation concessions’ (Rice, 2002). Under a conservation 
concession agreement, governments or local resource users agree to protect natural ecosystems 
in exchange for a steady stream of structured compensation. The opportunity costs of foregoing 
natural resource exploitation, including lost employment and government revenue from taxes, 
serves as a basis for determining the amount of the payment. Payments may also reflect costs of 
government administration and enforcement. 
 
Blom et al. (2002) described the mechanism of purchase of nature, in support of the acquisition 
of relatively small but critical nature areas that are at risk, by local NGOs. An example of 
strategic purchase of nature is the acquisition of an area that links up two nature reserves, 
thereby increasing the conservation value. 
 
3.2 Financing carbon sequestration 
The Clean Development Mechanism (CDM) as defined in the Kyoto Protocol provides a 
relatively new possibility to capture the economic value of carbon sequestration services, and is 
a follow on from the earlier ‘Activities Implemented Jointly’ (AIJ). Before the Conference of 
Parties in Bonn (COP6 bis), CDM was expected to become a substantial source of finance for 
tropical forest management. During the pilot phase to the implementation of CDM, a wide 
range of activities was funded, including forest conservation, restoration and management. The 
resulting carbon sequestration costs are highly variable, but far below any theoretical 
assessment of its economic value, estimated at 10-50 US$ (Lescuyer & Locatelli, 1999; Tol et 
al., 2000; Locatelli & Lescuyer, 2002). Concrete carbon sequestration prices depend on the type 
of forest ecosystem, the proposed activities, and the methods used (Dixon et al., 1991; IPCC, 
2000). Miranda et al. (2002) described the successful example of a bilateral AIJ agreement 
between Norway and Costa Rica in support of a major carbon sink project including 
reforestation activities. She stressed the importance of the social dimension of this kind of 
project, in terms of providing multiple sources of income to communities inside the project 
watershed and outside.  Norway has also financed a similar AIJ project in Burkina Faso.   
 
The Bonn Conference however set important restrictions to the application potential of CDM in 
relation to tropical forests (Skutsch, 2002). CDM is limited to afforestation and reforestation 
projects, at least during the first commitment period (2008-2012). CDM funds are provided by 
developed countries in return for carbon savings and their availability for forestry will depend 
on the market price of carbon saving in general.  As regards financing mechanisms that are 
explicitly aimed at capturing the non-market value of carbon sequestration of natural forests, 
one could mention a number of private initatives such as FACE (Forests against Carbon 
Emission), in which afforestation projects in developing countries were financed by the Dutch 
power industries, a programme set up by Peugeot with ProNatura, and Trees for Travel, in 
which air travellers are invited to contribute funds for forestry to counteract the carbon emitted 
as a result of their flight. Other funds such as GEF would deal with forestry projects where 
carbon sequestration is not the main objective but may be associated with biodiversity 
protection or local development.   
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3.3 Financing hydrological services 
Hydrological services are among the most valuable of the wide range of ecosystem services 
provided by forests. As in other parts of the world, the majority of the population in tropical 
countries lives downstream of forested watersheds and therefore suffers from the effects of 
watershed degradation. Forest cover plays an important role in the maintenance of water quality 
and a stable water flow. Forest ecosystems slow the rate of run-off, resulting in decreased 
impacts of flooding and increased minimum stream flows during dry seasons. In comparison to 
agricultural land use systems, forests reduce soil erosion and sedimentation of waterways. 
Investments in sustainable watershed management may be substantially cheaper than 
investments in new water supply and treatment facilities (Johnson et al., 2001). In Vietnam, 
local communities acknowledge the major function of forest cover as a windbreak against 
natural disasters such as typhoons.  
 
Of the wide variety of hydrological services, IFMs have been designed principally aimed at 
maintaining water quality and water flow for drinking water and electricity generation. 
Traditionally, funds for watershed management and protection have come from public revenues 
and are not based on the actual value of the water service provided by these areas. Due to 
ineffective tax systems and economic crises, governments are often facing drastic shortfalls in 
revenues. Moreover, subsidies and regulations aimed at the promotion of soil conservation 
techniques on private lands do not seem to be very effective. Therefore, there is a growing 
tendency to privatise public water and hydroelectric utilities. 
 
Private mechanisms 
At watershed level, there are examples of local level private entities that have developed 
mechanisms to ensure water quality and a stable water flow. The principal activities benefited 
by these mechanisms are the provision of drinking water, hydroelectric power generation and 
irrigated agriculture.  
 
In Ecuador, the municipal water companies of Quito and Pimampiro created water funds by 
charging levies on drinking water (Hofstede & Alban, 2002). In the case of Quito, the revenues 
of the water tax are planned to be complemented by voluntary payments of major agricultural 
and industrial water consumers, and be invested into nature conservation activities in upland 
areas. In Pimampiro, the municipal water fund was set up with the help of an environmental 
NGO and results into direct payments to forest owners. International donors provided initial 
donations to the water funds. The municipal water company of Cuenca, also in Ecuador, 
invested revenues from water into the purchase of upstream nature areas for strict conservation 
purposes (Hofstede & Alban, 2002). 
 
In Colombia, water users’ associations charge fees on the large agricultural producers in the 
Cauca Valley, to finance watershed management practices in upland areas (Perrot-Maître & 
Davis, 2001). In this way, reforestation, erosion control on steep slopes, land purchases and 
protection of stream buffers are being paid for in order to improve base flows and reduce 
sedimentation in irrigation canals. 
 
In Costa Rica, there is the example of a voluntary agreement since 1998 between a 
hydroelectric power company and the conservation organisation Monteverde, where the 
company pays 10 US$/ha per year to the NGO for maintenance of forest hydrological services 
in the Peñas Blancas watershed (Reyes et al., 2002). In The Philippines, a hydroelectric power 



Tropenbos International, Wageningen, the Netherlands 
 
 

 
112 

company successfully provides incentives to local communities for reforestation activities 
(Mero, 2002). 
 
Private-public mechanisms 
In South Africa, the Working for Water program is aimed at the removal of alien tree species 
and restoration of native vegetation restored (Hope et al., 2002). These actions result in 
improved water supply at a fraction of the cost of water delivered through diversion or reservoir 
projects. 
 
Public mechanisms 
Public payment schemes for water services are the traditional financing mechanisms in relation 
to water and the most predominant. Perrot-Maître & Davis (2001) reported an innovative 
mechanism for the Brazilian State of Parana. A public redistribution mechanism rewards those 
municipalities protecting more watershed areas than others, by receiving a larger allocation of 
tax funds. 
 
3.4 Bioprospecting 
Bioprospecting, the exploration of biodiversity for genetic and biochemical resources, is related 
to a number of different mechanisms. Benefit sharing agreements between bioprospecting 
companies and local communities are a means of securing benefits for the source country. In 
contrast to patent law, agreements can be designed to fit any conceivable relationship between 
collaborators, defining the amounts of benefits to recipient populations or conservation 
objectives. A community’s contract with a company may result in payments for information, 
per sample, advance payments, royalties on compounds, and the option of filing a joint patent. 
 
Material transfer agreements (MTAs) regulate the transfer of biological resources for research 
and possible commercial use, outlining the benefits either to the government, collecting 
organisation, or local community. In 1991, the large pharmaceutical company Merck & Co. 
signed an agreement with Costa Rica’s National Institute for Biodiversity, INBio. Merck 
provided US$ 1 million to INBio for the right to collect and study native plants, insects and 
micro-organisms for possible medicinal value. INBio will receive a share of any royalties that 
may result from successful product development. Subsequently, from 1993 to 1998, INBio 
agreed with more bioprospecting institutions. Of the profits, 15% flows back to the Ministry of 
Environment and Energy, 30% to the protected area system, 27% to the public universities and 
28% to research projects for INBio (Soto et al., 2000). 
 
3.5 Combination of services 
In Costa Rica, a program of Payment of Environmental Services (PES) includes monetary 
compensation by Costa Rican society to private landowners either for maintenance of primary 
forest, establishment of forestry plantations, or forest management (Reyes at al., 2002). The 
National Forestry Finance Fund FONAFIFO takes care of these area based payments. 
FONAFIFO counts with funds provided by the national government, amongst others from taxes 
on fossil fuel consumption. From 1997 to end of 2000, the PES program included more than 
250,000 hectares of private landowners (4,9% of Costa Rican territory). Of this land, 85% 
corresponds to forest protection, 9% to forest management systems and 6% to plantations. 
 
Richards (1999) defines tradable development rights as rights to development in areas 
designated for conservation that can be sold to public or private sector conservation interests, or 
exchanged for development rights on land outside the ‘restricted use’ areas. This is one of the 
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most innovative, but least applied IFMs. The concept of conservation concession can be 
regarded a specific form of a tradable development rights approach.  
 
 
4. POLICIES, REGULATIONS, AND ENABLING FACTORS 
 
The regulatory and policy framework in place provides an important starting point for the 
development of IFMs, and at the same time can put serious limitations to their potential. Policy 
failures are considered an important driving force of forest exploitation and degradation. Do 
landowners currently have the right to cut down their forests, or is this restricted? Do 
downstream consumers have a right to clean water? Existing rights and responsibilities 
influence the willingness to pay of beneficiaries, and the willingness of forest owners to accept 
payments for maintenance of ecological services. If governments have established high 
environmental standards and effective monitoring programmes, this stimulates stakeholders to 
seek the most cost-effective ways to meet their responsibilities, thus paving the way for trading 
schemes.  
 
Costa Rica is an example of a nation possessing a legislation that favours the development of 
IFMs. Costa Rica’s Forest Law and FONAFIFO as the institution created for its 
implementation proved to be instrumental in the realisation of different schemes of payments to 
forest owners. This is probably one of the main reasons why Costa Rica in the developing 
world is a pioneer country as regards IFMs that have been put to practice. 
 
The application of some IFMs requires specific regulatory changes. The conservation 
concession approach is an example of this. In Peru, the government recently approved new 
regulations for its Forest and Wildlife Law that for the first time enable conservation bidders to 
compete for the land-use rights of its 67.6 million-hectare forest estate. This made the 
negotiation of a first conservation concession possible (Rice, 2002). 
 
National forest policies and national forest financing strategies are examples of important 
enabling environments to the development of IFMs (Keipi, 2002). Furthermore, practical 
facilitating mechanisms can play an important role in the development of green markets. In 
Colombia, Biocomercio Sostenible (“Sustainable Bio-commerce”, operating in co-ordination 
with the BIOTRADE Initiative of UNCTAD) was created at national level as a facilitating 
mechanism to the development of green enterprises and markets (Ramos, 2002). The objective 
of the programme Biocomercio Sostenible is to create and promote mechanisms that enhance 
the investment and trade of products and services derived from the country’s biodiversity. 
Biocomercio Sostenible gives commercial and market information, it provides technical 
assistance to entrepreneurs and companies, and supports companies to define adequate 
sustainability criteria for their production systems. 
 
Of the broad spectrum of IFMs, market-based instruments have a strong potential to increase 
financial flows towards sustainable forest management. At the same time, it is important to 
notice that besides policy failures, market failures represent another important cause of forest 
destruction. Markets can be malfunctioning, distorted by subsidies or simply do not exist. 
Market prices often do not reflect the real value of forest goods and services, as externalities 
are not accounted for. A major challenge to the development of IFMs is to address the question 
how these externalities can be internalised.  
 



Tropenbos International, Wageningen, the Netherlands 
 
 

 
114 

The use of market instruments to guarantee the maintenance of forest ecological services also 
raises important questions on issues of equity. On the basis of a large number of literature 
cases, Landell-Mills et al. (2002) conclude that market mechanisms may or may not contribute 
to poverty alleviation: there is no straightforward answer.  
 
 
5. KEY ISSUES 
 
Tropical forests are in the process of rapid transformation and degradation. The ecological 
services provided by forests at different scale levels are at stake. The potential of innovative 
financing mechanisms to add value to tropical forests can be utilised better if major efforts are 
made in specific areas. From the analysis of current innovative financing mechanisms, we have 
derived some key issues and lessons that can help guide the development of new mechanisms. 
Generic issues are listed in section 5.1. In section 5.2, some conclusions are drawn regarding 
financing mechanisms in support of specific environmental services and poverty alleviation. 
Policy and research recommendations are listed separately in Chapter **. 
 
5.1 Generic issues 
1. The most important challenge is to design and improve IFMs aimed at capturing the value 

of both global and local environmental services, while at the same time contributing to 
local development. 

2. A transparent definition of the criteria for sustainable forest management systems should 
play a key role in the development of IFMs. If criteria are chosen in the wrong way, an IFM 
can turn into a perverse incentive. 

3. Research on sustainable forest management systems is needed. On the long term, those land 
use systems that are able to generate a variety of benefits for different stakeholder groups 
are likely to be most successful in providing a basis for the generation of financial 
revenues.  

4. An important constraint to the development of effective IFMs lies in the institutional 
complexity of multi-stakeholder arrangements. At the same time, it seems to be the only 
way out to make use of the willingness to pay of a variety of stakeholder groups at different 
levels in order to generate sufficient financial benefits. 

5. IFMs can not be successful without effective regulation. Increasing the profitability of 
forestry could increase forest exploitation practices that are socially and ecologically non-
sustainable, unless effective regulation is in place. Furthermore, international 
environmental regulations have a strong potential to increase demand for products and 
services generated by sustainable forest management, and to increase the willingness to 
pay. 

6. Economic valuation is important in giving an impression of the relative importance or 
contribution of the benefits generated by different ecological services. Furthermore, a 
useful tool is provided by the assessment of opportunity costs of conservation and 
sustainable forest management. The financial gap that needs to be bridged between forest 
and non-forest uses can thus be quantified. 

7. The institutional set-up of IFMs is often done in a top-down way. However, the success of 
their implementation will depend on the choices of local actors to adopt sustainable forest 
management systems or to contribute to conservation. Therefore, participation of local 
communities (including both men and women) in the development of effective IFMs should 
be ensured.  
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8. It is not yet clear to what extent the different IFMs in operation are effective in overcoming 
the problems they were designed for: do the financial transactions result into a larger 
number of hectares of conserved, restored, or sustainable forest management schemes in 
comparison to reference situations? 

9. Many cases of current IFMs represent pioneering experiences to develop market 
mechanisms aimed at capturing (former) non-market values of forests. Long learning 
trajectories, institutional complexity and high transaction costs are inherent to these pilot 
projects. The role of international institutions as a positive factor in the process of design 
and implementation of IFMs should be enhanced. 

 
5.2 Other key issues 
Financing mechanisms for biodiversity conservation do not necessarily meet criteria of social 
sustainability. On the other hand, forest management systems that generate socio-economic 
benefits are often not successful in maintaining biodiversity. In order to materialise the 
willingness to pay of the global community into practical financing mechanisms, tangible 
conservation outputs are required. The application of financing mechanisms aimed at 
biodiversity conservation should represent a balanced mixture of restricted access measures 
(such as purchase of nature and conservation concessions) and mechanisms promoting the 
sustainable use of forest resources. Restricted access measures should preferably be used for 
highly fragile forest ecosystems and areas of outstanding conservation value. 
 
In the field of IFMs in support of carbon sequestration, the possibility of financially supporting 
natural forest management by means of CDM was ruled out. The global community now lacks 
an important chance to pay for this important global service in the context of natural forest 
management. The sustainability of afforestation and reforestation activities facilitated by CDM 
is questionable in environmental, social and equity terms. Clearly there are possibilities of 
designing win-win forest management models but these require more careful thought.  
 
There is experience with current IFMs aimed at capturing the value of the regulation function 
of forests in maintaining water quality and water flow for the production of drinking water and 
hydropower. With the exception of the promotion of forest plantations, payments are however 
not sufficient to meet the opportunity costs of sustainable forest management. The question is 
how financing mechanisms capturing the value of the water regulation function of forests can 
be improved or complemented. The institutional set-up of IFMs for water services should be 
developed and improved to facilitate financial contributions by multiple stakeholders. It should 
furthermore be evaluated to what extent different forest management systems are effective in 
regulating the hydrological regime, also in relation to alternative land uses.  
 
Forest use and property rights are often not clearly defined. Therefore, in many countries and 
local situations, the legal basis for any financing mechanism is lacking. Local communities 
often do not participate in the development of IFMs, which in the case of restriction of access 
to forest resources can lead to impoverishment, or to increased exploitation of forest resources 
elsewhere. The key question here is, how IFMs can contribute to sustainable livelihoods and 
poverty alleviation. The potential of contributing to sustainable livelihoods and poverty 
alleviation and criteria of equity should form important guiding principles in the design of new 
financing mechanisms. 
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POLICY RECOMMENDATIONS1 
 
 
MESSAGE FROM THE TROPENBOS INTERNATIONAL/ETFRN 
SEMINAR, MARCH 20-21, 2002 ON FOREST VALUATION AND 
INNOVATIVE FINANCING MECHANISMS  
 
FOR THE SIXTH MEETING OF THE CONFERENCE OF THE PARTIES  
TO THE CONVENTION ON BIOLOGICAL DIVERSITY 
 
 
1. THE ISSUE 
 
Forest goods and services, such as carbon storage, climate regulation, water supply regulation, 
soil protection, habitat for species and people, recreation area, represent potential values. 
  
In spite of the world-wide recognition of these values deforestation and forest degradation 
continue to take place at a large scale through human activities, either legal or illegal. Diffuse 
ownership and corruption often enable these activities. The driving forces are subsistence and 
financial revenues. Beneficiaries of specific forest values are often different people and 
institutions from those actually exploiting and converting forests. This means that local 
communities must be given sufficient (financial) interest in managing the forests in a 
sustainable way. 
 
Reflection of forest values in financing mechanisms for forest management could contribute to 
the conservation and sustainable use of forests for present and future generations. These 
mechanisms must be developed and implemented in combination with enforcement of policies, 
which take into account the interests of forests dependent people and interests of future 
generations. 
 
Major constraints for the development of effective financing mechanisms (markets) are: 
- Diffuse ownership. The supply of goods and services should retain with identified and 

legitimate parties, which can deal with buyers. 
- Ill-defined or undeveloped "products". Well functioning markets require bankable products. 
- Lack of enabling conditions to generate demand. Markets often originate from the 

establishment of (international) regulations and agreements. For instance the Kyoto 
protocol has developed a demand for CO2 certificates.     

 
 
 
 
 
 
 

                                                           
1 As presented at CoP-6 Biodiversity in The Hague, April 2002 and the World Summit on Sustainable Development 

in Johannesburg, August 2002 
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1.1 Challenge 
The challenge is to create enabling conditions at the demand and supply side for the 
development and strengthening of markets, which transfer funds from the beneficiaries to forest 
management groups and institutions. 
 
Trialogue between governments, institutional financiers and forest managers should be 
established to facilitate the development of effective financing mechanisms. 
 
 1.2 Recommendations 
Tropenbos International calls on Parties and Governments to 
1. Support the development of innovative financing mechanisms (IFMs) that reflect the values 

of ecological services and products from forests.  
2. Create enabling conditions for the development of markets for a sustainable supply of 

forest goods and services. Use the strong potential of international environmental 
regulations to increase the demand for products and services generated by sustainable forest 
management. 

3. Integrate property and use rights in relation to forest resources in a proper legal framework.  
4. Develop financing mechanisms that generate revenues for those stakeholders possessing 

property and use rights in relation to the forestland concerned. 
5. Ensure participation of local communities in the development of effective IFMs.  
6. Strengthen the capacity at the level of local communities to manage forests for the 

maintenance of ecological services and to increase access to financial revenues rewarding 
the corresponding local and global benefits. 

7. Monitor the effectiveness of current IFMs in contributing to sustainable forest 
management, forest conservation, sustainable livelihoods, and social equity objectives. 
Create a clearing-house mechanism to exchange information on successful projects and 
examples of IFMs. 

 
Tropenbos International calls on international institutions (donors, multilateral banks and 
international NGOs) to 
8. Enhance their role in catalysing the development of IFMs in different contexts, by 

developing policies to contribute to institutional capacity building, stimulating exchange of 
information, and stimulating an enabling environment (e.g. good governance, inter-sectoral 
policy co-ordination, proper legal and policy framework in countries and in international 
financial institutions).  

9. Bare a large part of the costs of pilot projects and initial implementation of IFMs. 
 
 
1.3 Recommendations with regard to specific services 
Tropenbos International calls on Parties and Governments to 
 
Finance biodiversity conservation 
1. Support the development of financing mechanisms that materialise the willingness to pay 

for biodiversity conservation on behalf of the global community and contribute to poverty 
alleviation of local forest-dependent communities. 

2. Develop conservation strategies defining what, where and why to conserve. Financing 
mechanisms aimed at biodiversity conservation should be based on these conservation 
strategies, and thus represent a balanced mixture of restricted access measures (such as 
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purchase of nature and conservation concessions) and mechanisms promoting the 
sustainable use of forest resources. 

3. Private parties should be encouraged to contribute to biodiversity conservation, e.g. by 
trade in environmental shares. 

 
Finance carbon sequestration 
4. Recognise the crucial role played by natural forests as carbon storage and sink. Sustainable 

forest management and avoided deforestation must therefore be regarded as important 
contributions to reducing greenhouse gas emissions and be allowed under the Clean 
Development Mechanism in addition to afforestation and reforestation. 

5. Evaluate the impacts of the current policy as regards forestry under the Clean Development 
Mechanism, in terms not only of carbon but also of sustainability in the broader sense. 
Attention should be paid to the question how payments for carbon sequestration can 
contribute to improving the livelihoods of local forest-depending communities. 

6. Bring to general attention the activities of non-UNFCC/Kyoto initiatives for carbon 
sequestration and stimulate more initiatives of this kind from the private sector. 

 
Finance maintenance of water services 
7. Support the development of financing mechanisms for the maintenance of hydrological 

functions, such as water funds with revenues collected from taxes on drinking water and 
payments by large water users. 

 
 
2. RESEARCH RECOMMENDATIONS 
 
On the basis of the outcomes of the group discussions that took place during the second day of 
the seminar and which were inspired by the discussion paper of Verweij, the following research 
recommendations were formulated.  
 
 
2.1 Generic research recommendations 
Participants of the Tropenbos International/ETFRN Seminar call on research institutions and 
individual researchers to 
1. Identify those sustainable forest management systems that are able to generate sufficient 

financial revenues for local forest owners and users.  
2. Consider both market and non-market values when valuating goods and services provided 

by tropical forests. 
3. Evaluate the distribution of benefits and costs of alternative land uses over different 

stakeholders, rather than carrying out just an ‘overall’ valuation. 
4. Contribute to economic valuation of environmental services provided by tropical forests, 

aimed at evaluating their relative importance or their contribution in terms of (potential) 
benefits generated.  

5. Quantify the financial gap that needs to be bridged between sustainable and non-sustainable 
forest uses, e.g. by assessing the opportunity costs of conservation and sustainable forest 
management.  

6. Apply techniques of economic valuation for the impact assessment of medium to large 
projects in relation to tropical forests. 
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2.2 Research recommendations with regard to specific aspects 
A. Sustainable livelihoods 
Poor groups tend to be excluded from benefits of IFMs due to problems such as a lack of 
property rights over forest goods and services, exclusion from forests, lack of participation in 
IFM design, and lack of access to financial institutions and legal advice. In view of these 
problems, participants of the Tropenbos International/ETFRN Seminar call on research 
institutions and individual researchers to 
1. Include the definition and formalisation of property rights of local groups into the design of 

IFMs.  
2. Include participation of local stakeholders in the design, implementation and monitoring of 

IFMs. 
3. Define criteria for assessing impacts on the poor in a participative and adaptive way, as part 

of the design of the IFM, e.g. citizen’s jury 
4. Do research on impacts for the poor to inform the design of IFMs 
5. Do research on the contribution that non-governmental or community-based organisations 

may make to support the process of participation of local stakeholders. 
6. Do research on the ownership of forest resources, and on tenure issues under 

decentralisation. 
7. Investigate how property rights over environmental services and communally held property 

rights can be recognised as collateral to financing institutions. 
 
B.  Enhancing the role of international (financial) institutions 
How can the role of international institutions be enhanced as a positive factor in the process of 
design and implementation of IFMs? And how can IFMs aimed at capturing the value of both 
global and local environmental services be designed and improved? Participants of the 
Tropenbos International/ETFRN Seminar call on international (financial) institutions to support 
research in the following areas: 
1. Further explore how to make use of the willingness to pay of a variety of stakeholder 

groups at different levels in order to generate sufficient financial benefits for conservation. 
2. Contribute to the design of international environmental regulations that have a strong 

potential to increase demand for products and services generated by sustainable forest 
management, and to enforce the ‘polluter-pays’ principle. 

3. Promote country-led initiatives of research into an enabling environment for IFMs, and the 
design of proper IFMs. 

 
C.  Promoting market instruments 
In order to promote the development of market instruments in support of sustainable forest 
management and conservation, participants of the Tropenbos International/ETFRN Seminar 
call on research institutions and individual researchers to 
1. Create a clearing-house to exchange information on what market instruments work to 

ensure sustainable forest management.  
2. Analyse the information from the clearing-house on successful projects and examples: 
- Which different enabling conditions or market instruments are effective in overcoming the 

problems they were designed for? 
- Do the financial transactions result into a larger number of hectares of conserved, restored, 

or sustainable forest management schemes in comparison to reference situations? 
- Create a list of specific market instruments which are appropriate to stimulate specific 

markets. 
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3. Further develop research on sustainable forest management systems addressing social, 
economic, technical, institutional, and policy aspects. Different types of (cost-effective) 
adaptive research, including the private sector and other actors is needed. 

 
 
2.3 Research recommendations with regard to specific services 
D.  Financing biodiversity conservation 
Financing mechanisms for biodiversity conservation do not necessarily meet criteria of social 
sustainability. On the other hand, forest management systems that generate socio-economic 
benefits are often not successful in maintaining biodiversity. In order to materialise the 
willingness to pay of the global community into practical financing mechanisms, tangible 
conservation outputs are required. How can the social sustainability of mechanisms in support 
of biodiversity conservation be ensured? To what extent and in which situations is it necessary 
to include restricted access to forest resources in financing mechanisms aimed at biodiversity 
conservation? And how can financing mechanisms better succeed in materialising the 
willingness to pay for biodiversity conservation on behalf of the global community?  
In order to address these questions, participants of the Tropenbos International/ ETFRN 
Seminar call on research institutions and individual researchers to 
1. Do research into the question how financing mechanisms can better succeed in 

materialising the willingness to pay for biodiversity conservation on behalf of the global 
community. 

2. Further explore how the social sustainability of mechanisms in support of biodiversity 
conservation can be ensured, including the issue of poverty alleviation. 

3. Evaluate how the support of and participation into conservation strategies by local 
stakeholders can be enhanced. 

4. Assess for different tropical forest ecosystems the levels of sustainable forest resource use 
that allow biodiversity conservation and the maintenance of other forest services. 

5. Develop a system comparable to land evaluation allowing for site specific evaluation for 
conservation. Such a conservation assessment procedure should result into 
recommendations regarding restricted access measures (such as purchase of nature and 
conservation concessions) or mechanisms promoting the sustainable use of forest resources. 
Restricted access measures should preferably be recommended exclusively for highly 
fragile forest ecosystems and areas of outstanding conservation value. 

6. Do more research in support of national and global conservation strategies.  
7. Investigate how private parties can be encouraged to contribute to biodiversity 

conservation, e.g. by trade in environmental shares. 
 
E.  Financing carbon sequestration 
By ruling out the possibility of financially supporting natural forest management by means of 
CDM, the global community now lacks an important chance to pay for this important global 
service in order to maintain it. The sustainability of afforestation and reforestation activities 
facilitated by CDM is questionable in environmental, social and equity terms. The question is 
how carbon sequestration can contribute to social justice and equity as well as environmental 
conservation. In relation to this, it is recommended to 
1. Evaluate the effects of current forestry projects under CDM. 
2. Determine for forest-based carbon sink projects, under what conditions environmental 

integrity and social justice are ensured.  
3. Provide practical recommendations as to how natural forest management and the avoidance 

of deforestation can be included in the CDM framework. 
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4. Integrate carbon sequestration as a sustainability criterion into other standard procedures 
for certification of forest sustainability. 

5. Evaluate the environmental and social impacts of different species, e.g. their impacts on 
soil conditions and local livelihoods. 

6. Evaluate the effectiveness and sustainability of different institutional arrangements 
(division of stakeholders’ responsibility, feasibility of the umbrella approach for small 
enterprises, reduction of transaction costs, insurance of risks). 

 
F.  Financing maintenance of hydrological services 
Further research on hydrological services is a priority, in particular in the areas of biophysical 
impact quantification, socio-economic and institutional research. Specific research 
recommendations are to 
1. Contribute to the development of local, site-specific IFMs by identifying (i) the hydrologial 

services or potential hydrological services; (ii) the different stakeholders; and (iii) a proper 
organizational set-up.  

2. Work on the quantification of biophysical impacts at the local scale. There is an urgent 
need to validate knowledge on the character and magnitude of the impacts of forests and 
forest plantations on water resources at the local scale.  
Note: there was no concensus as to the question whether quantification of biophysical 
impacts should take place before financing mechanisms in support of SFM can be 
developed, or while these are developed (thus applying the precautionary principle). 

3. Do socio-economic research on validation of the ‘willingness to pay’ for forest services, on 
behalf of water users such as industry, drinking water operators and households. 

4. Evaluate the type of organisational set-up needed to implement payment for hydrological 
services. 

5. Evaluate the succesfulness of IFMs for payment of hydrological services provided by 
forests, in relation to their socio-economic and institutional context and biophysical 
conditions. 

6. Explore the function of forests in providing protection against a range of natural hazards 
(soil erosion, impacts of storms or typhoons).  
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INTERNATIONAL SEMINAR 
FOREST VALUATION & INNOVATIVE FINANCING MECHANISMS 
FOR CONSERVATION AND SUSTAINABLE MANAGEMENT OF 
TROPICAL FORESTS 
 
March 20-21, 2002 
Golden Tulip Bel Air 
The Hague, Netherlands 
 
 
1. INTRODUCTION 
 
For many years the tropical forest ecosystem has been subject of debate at all levels of society, 
ranging from environmental NGOs, scientists and policy makers, to high level international 
Conventions and Agreements. Global warming, depletion of natural resources, violation of 
indigenous peoples’ rights, biodiversity loss and soil degradation are major concerns affecting 
tropical forests. Voices have been raised to protect tropical forests because of their great value 
for mankind including their potential to contribute to poverty alleviation. But what exactly is 
this value of tropical forests? Tropical forests sustain a wealth of biodiversity, provide a wide 
range of ecosystems, services and products, and support livelihoods for millions of people. But 
if these biological, economic and social values are acknowledged why are forests continuously 
being depleted? To what extent have appropriate valuation and market mechanisms been 
developed and implemented? Could they help to revert destructive practices? 
 
Tropenbos International (TBI) is organising a two-day seminar to discuss forest values, and to 
support the development and implementation of appropriate financing mechanisms for the 
conservation and sustainable use of tropical forests. During this seminar a bridge between 
policy, management and research will be constructed through debate. Science will state facts, 
interpretation by the different societal players will differ and current concepts might be 
challenged. The seminar is organised in the time leading up to CoP 6 of the Convention on 
Biological Diversity (www.biodiv.org) which will also be held in The Hague. Forests are one of 
the major themes of CoP 6. 
 
 
2. THE PROGRAMME  
 
2.1 Day I (March 20, 2002): The value of tropical (rain) forests 
During the first day of the seminar five themes related to forest valuation will be presented. 
Two scientists will introduce a theme by posing challenging statements supported by scientific 
evidence. After each statement participants in the discussion forum will be invited to respond.  
 
This forum will consist of politicians, policy makers, forest managers, scientists, and NGO’s. 
Mr. Victor Deconinck will moderate these discussions and stimulate the debate. Prof. Dr. K.J. 
Beek, President of Tropenbos International, will act as the day’s chairman. The day starts at 
9:30 (registration opens at 8:00). 
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Opening 
Prof. Dr. K.J. Beek – President Tropenbos International 
Opening by a high representative of the Dutch government 
 
Keynote 
− Using Forests to Help Solve Global Problems: What Economic Valuation Won’t Tell Us 

David Kaimowitz 
(Centre for International Forest Research) 

 
Theme 1: Rainforests are not forever 
− History of the rainforest ecosystem on geological, Quaternary and Human time scales. Are 

rainforests not for ever? 
Henry Hooghiemstra 
(University of Amsterdam) 

− The role of anthropological processes in the dynamics in space, time and composition of 
tropical forests 
James Fairhead 
(University of Sussex) 

 
Theme 2: Tropical forests biodiversity is crucial for the survival of mankind 
− The role of tropical forests, as major source of biological diversity 

Brian Boom 
(Centre for Environmental Research and Conservation, Columbia University) 

 
Theme 3: Tropical forests play an important role in climate regulation 
− Amazonian Tropical Forests: Carbon Source or Sink?  

Carlos Nobre  
(INPE/LBA) 

− Tropical forests have a major role in the prevention of natural disasters acting as buffer for 
water quantity and quality 
Ian Calder 
(University of Newcastle) 

 
Theme 4: Tropical forests and poverty alleviation 
− The role of tropical forests in poverty alleviation  

Roger Sedjo 
(Resources for the Future) 

− People and forests  
Paul Richards 
(Wageningen University) 

 
Theme 5: Tropical forests are priceless 
− The economic valuation and capture of forest values 

Camille Bann 
(University College London) 
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Workshop 
 
2.2 Day II (March 21, 2002):Innovative Financing Mechanisms for Sustainable Forest 

Management and Conservation 
 
Following the first day, where the values of tropical forests are discussed, the focus of day 2 is 
on innovative financing mechanisms which are in place or in development to pay for these 
identified values. Five cases are presented followed by an overview paper including current 
activities and research needs, also based on the FAO web discussion. The themes for research 
will be further explored in group discussions. During this open-space discussion, participants 
can change discussion groups.  
 
Jochen Heuveldop (chair ETFRN ) and Erik Lammerts van Bueren (director TBI) will chair the 
meeting.  
 
− Conservation concessions: a new approach to ecosystem.  

Dick Rice  
(Conservation International) 

− Silver bullets or fools’ gold? A global review of markets for forest products 
Natasha Landell  
(IIED) 

− Environmental shares in support of sustainable forest management in Colombia 
Carmenza Robledo  
(EMPA) 

− Innovative financing in Africa  
Adrian Whiteman  
(FAO) 

− Valuation of hydrological services provided by forest in Costa Rica 
Olman Segura (CINPA) 

 
Key note  
− Overview of financing mechanisms 

Pita Verweij  
(Utrecht University) 

 
Open space discussion & presentations discussion results 
Themes: 
− Role of International financing institutions 
− Promoting market mechanisms 
− Financing hydrological services 
− Financing carbon sequestration 
− Financing biodiversity conservation 
− Financing sustainable livelihoods from forests 
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