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Abstract

Although Indonesia has no shortage of land area that lost its forest cover before 1990 and has become the global leader in land-use based

greenhouse gas emissions, the widespread expectation that the afforestation/reforestation approach to Clean Development Mechanisms (A/R

CDM) could lead to sustainable development benefits has not so far materialized. The main challenges to implementation of the current A/R

CDM mechanisms are in (1) the definition of forest and its institutional implications, (2) the projectization that is embedded in the definition of

CDM, (3) non-linear baselines related to forest transitions that complicate attribution, (4) inherent lack of synergy with other development

activities and (5) high transaction costs and temporary nature of credits. In possible new international regimes that aim to include all relevant

changes in land-use based emissions, a more outcome-based programmatic approach may partially replace the project cycle assessments of

CDM. However, there will still be a need to assess the combination of factors and policies that can be expected to enhance terrestrial carbon

storage through voluntary land-use decisions, by a combination of reduced emissions and enhanced storage. Tradeoffs usually exist between

local livelihoods and carbon storage, but assessment of the opportunity costs of C sequestration requires analysis at the landscape and

community scale at scenario level, including local adjustment and optimization. We explored such scenarios for a number of cases in

Indonesia that range from a forest margin to a degraded lands setting. FALLOW model applications were set up for 4 landscapes in Indonesia

(15–98% forest cover, 1–55% grassland, 17–51 persons km�2) to test the internal consistency of the hypothesis that farmer-led development

of tree-based land-use systems in response to accessible markets, legal tenure arrangements, availability of reliable technical information and

local investment can convert degraded forest lands at low public cost and form an attractive alternative to project-based interventions with

detailed prescriptions and planning. The calculated (non-linear) baselines for carbon stocks varied from an average trend of �0.26 to

+0.23 Mg C ha�1 year�1 over a 25 year period of assessment, equivalent to a net sequestration of �0.95 to 0.84 t CO2 ha�1 year�1 The

highest value for predicted additional carbon storage in the wider landscape did not coincide with the best results for local livelihoods, but in

each of the case studies the results for a ‘programmatic’ removal of constraints to profitable smallholder tree-based production systems was

more attractive than a ‘prescribed’ tree planting in designated project areas. These results support the design of international modalities for an

outcome-based approach to enhancing carbon storage with local flexibility in implementation.
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1. Introduction

1.1. Expectations of A/R CDM

Indonesia has an estimated 48 M ha of land that had

effectively lost its forest cover before 1990, is potentially
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eligible for A/R CDM under the Kyoto protocol and does not

have high value agricultural use in the form of irrigated rice

fields (Murdiyarso et al., 2006). Recent estimates suggest that

Indonesia has become the global leader in land-use based

greenhouse gas emissions (Murdiyarso and Adiningsih,

2007). Widespread expectations that the afforestation/

reforestation approach to Clean Development (A/R CDM)

could lead to sustainable benefits in Indonesia and available

data on tradeoffs involved (Tomich et al., 2002) have not so far

materialized as no projects have completed the approval

process, despite considerable investment in efforts to develop

pilot projects. Globally, the expectations are that forms of

agroforestry can enhance both livelihoods and C storage in

many parts of the world (Montagnini and Nair, 2004; Kandji

et al., 2006; Lasco, 2002; Lipper and Cavatassi, 2004; Palm

et al., 2005). The way increased carbon storage can lead to

local benefits, however, is still under debate (Murdiyarso and

Herawati, 2005; Murdiyarso and Skutsch, 2006; Van

Noordwijk et al., 2005; Verchot et al., 2007a).

With the new wave of interest in dealing with climate

change (IPCC, 2007; Sari et al., 2007), the necessity of ‘whole

system’ accounting for net anthropogenic emissions of

greenhouse gasses is gaining ground (Schimel et al., 2001;

Cowie et al., 2007: ‘‘Ideally, the accounting approach should

cover all significant biospheric sources and sinks, avoid

biased or unbalanced accounting, avoid leakage and require

no arbitrary adjustments to remedy unintended conse-

quences’’). The current system of rules and its ‘path

dependence’ (O’Riordan and Jordan, 1999), or stepwise

evolution from precursors under the selection pressures of the

day, is under scrutiny and a wider set of alternatives is needed

(Benndorf et al., 2007). This is particularly so for the net

emissions from land use and land cover change (globally

about 25% of the anthropogenic emissions; Watson et al.,

2000; Skutsch et al., 2007), where only a partial accounting

has been achieved so far. In the Annex-I countries of the Kyoto

protocol all emissions and terrestrial sinks are included (at

national borders), but of the non-Annex-I countries only the

very small area where the A/R-CDM rules apply (per May 1st

2007 only one fully approved project globally). Current

concerns relate to the non-accounting for net emissions in

Non-Annex-I countries due to production of biofuels that will

be used by Annex-I countries to meet their emission reduction

requirements (Cramer et al., 2007). As contribution to the

debate on more efficient and effective modalities beyond the

2008–2012 first commitment period of the Kyoto protocol, we

want to review some of the complexities of the current rules

and explore how other mechanisms could more effectively

contribute to net reduction of anthropogenic emissions from

land use and land cover change. We will here review some of

the challenges at conceptual as well as operational level and

provide experience with a tool for analyzing both ‘project’

(space and time-bound interventions in incentives and rules)

or ‘programmatic’ (generic changes in incentives and rules)

approaches to enhance terrestrial carbon storage in profitable

land-use options.

1.2. Issues in current AR-CDM rules

References to specific rules of the executive board (EB),

Modalities and Procedures (CMP) and Project Design

Document Guidelines (PDD GL) of the Clean Development

Mechanism (CDM), in the following text are based on

Mizuno (2007). Restriction of ‘clean development’ rules to

the afforestation/reforestation domain rather than to ‘whole

system’ accounting (IPCC, 2006) and accountability has led

to a number of challenges on the interface of biophysical,

socio-economic and political-governance processes:

(1) The operational definition of ‘forest’ (on which the

concept of re- or afforestation hinges) is a hybrid of

criteria based on actual tree cover (Verchot et al.,

2007b), and governance issues: forests include ‘‘areas

normally forming part of the forest area which are

temporarily unstocked as a result of human intervention

such as harvesting or natural causes but which are

expected to revert to forest’’ (EB28 Rep, para 36; NB the

circularity in use of the term forest within the definition

of forest). In Indonesia 70% of the land was considered

to be ‘forest’ on December 31st 1989 (the reference date

for CDM) and all areas in that domain that did not have

forest cover at that date were supposed to revert to forest

according to the government. Only tree planting outside

of the 70% is eligible if one interprets the definitions

strictly. This leaves vast areas of ‘forest lands without

trees’, that are in fact unlikely to revert to forest under

current rules and conditions, out of the consideration of

CDM. This includes at least 32 M ha or 16% (or 36 M ha

and 18% if the ‘no data’ categories are proportionally

allocated) of Indonesia’s land area (MOFR, 2003;

Worldbank, 2007). In fact the current position of the

Ministry of Forestry and the Designated National

Authority (DNA) in Indonesia is that only projects

outside of the ‘forest estate’ are eligible for A/R-CDM.

(2) Projectization: ‘‘A CDM-project activity is additional if

GHG emissions are reduced below those that would

have occurred in the absence of the registered CDM-

project activity’’ [CMP/2005/8/Ad1, p. 16 para 43]. The

reduction as such implies ‘environmental’ or ‘carbon

stock’ additionality, the second part of the sentence

implies ‘project additionality’ and the attribution what

‘would have’ occurred in the absence of a project. While

carbon stock additionality, and its effect on net transfers

to the atmosphere, is clearly relevant to the mitigation of

climate change, the ‘projectization’ of CDM poses a

number of challenges in the context of tropical land use.

The ‘project’ focus that is inherent in the set-up (and

definition) of CDM requires a sharp delineation of

‘project partners’, ‘project boundary’ and ‘leakage’.

‘‘The project boundary shall encompass all anthropo-

genic GHG emissions by sources under the control of

the project partners that are significant and reasonably

attributable to the CDM-project activity’’. [CMP/2005/
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8/Ad1, p. 17], while ‘‘Leakage is defined as the net

change of GHG emissions which occurs outside the

project boundary, and which is measurable and

attributable to the CDM-project activity. [CMP/2005/

8/Ad1, p. 17 para 51]’’. The key distinction is thus one of

‘control’. For anyone familiar with the realities in most

developing countries, the concept of ‘control’ is

complex, given the substantial ‘implementation gaps’

between policies and reality. Where government

agencies or a local community would be involved as

‘project partners’, the ‘project boundary’ will have to

coincide with administrative boundaries, that suppo-

sedly indicate shifts in the level of ‘control’. Attribution

to the CDM-project activity is limited to what is

‘reasonable’, but any shift in investment budgets of the

local government may have to be included. Within the

CDM framework, a program of activities can be

registered as a single CDM-project activity provided

that approved baseline and monitoring methodologies

are used that, inter alia, define the appropriate boundary,

avoid double counting and account for leakage, ensuring

that the emission reductions are real, measurable and

verifiable, and additional to any that would occur in the

absence of the project activity [CMP/2005/8/Ad1, p. 97

para 20].

In the rural development arena the term ‘project’ has

obtained a rather negative connotation of a time-bound

lifting of the rules of economics with provision of

incentives that will disappear and allow the system to

revert to its normal trajectory, unless essential compo-

nents are absorbed in a programmatic approach. In that

sense sustainable Clean Development may not be

optimally served by a project approach. The recent steps

towards a more programmatic approach in CDM still

essentially refer to a bundling of projects.

(3) Non-linear baselines.

Baselines are used to compare the actual emissions

with conjecture on what would have been expected in

the absence of interventions. In the simplest case,

baselines are static. Small-scale reforestation CDM is

allowed to assume a steady, zero baseline. Linear trends

(either positive or negative) are often used, but in reality

baselines probably are non-linear as standard and make

transitions from a degradation into a rehabilitation phase

in the absence of specific interventions. In the

environmental literature the phenomenon is discussed

by reference to the Kuznetz curve (Ranjan and Shortle,

2007), or ‘forest transition’ (Mather, 1992; Angelsen,

2007). A number of Asian countries already show an

increase in forest area (but not necessarily in terrestrial

carbon stocks) in their national statistics, based on

plantation forestry (Mather, 2007). Rudel et al. (2005)

suggested two possible pathways for advanced forest

transition. One is the ‘‘economic development route’’,

where the agricultural population declines as indus-

trialization and urban migration proceed, and aban-

doned agricultural land is spontaneously reforested (this

has happened in parts of Europe and N America). The

other is the ‘‘forest scarcity pathway’’, where scarcity of

forest products drives up price and stimulates tree

planting. There are, however, considerable time lags in

this response (Palo, 2004). Rudel et al. (2005)

emphasized that overlaps can occur between these

two types, but the implication is that different causes

apply to the two pathways. Neither of them refers to

specific interventions made in response to ‘Clean

Development’ mechanisms, and both aspects will

therefore have to be considered in discussions of

additionality. Generosa (2007) found mixed results on

forest transition patterns in 20 Asian countries, with

some evidence for positive effects on forest plantations

of export suggesting a key role of market incentives in

channelling private and public investments in expanding

forest plantations and forest carbon sinks. Related to the

forest transition concepts is the distinction by Chomitz

(2007) of ‘core forests’, ‘forest margins’ with rapid loss

of forest cover and contests over land-use rights, and

‘mosaic forests’ in the (partial) recovery phase after land

rights were established. A/R CDM will likely be part of

such ‘mosaic forests’, but it may be hard to establish the

specific requirement for additional interventions in this

phase of land-use dynamics when an increase in tree

cover meets local expectations of functionality. Much of

Indonesia is still in the ‘forest margins’ stage in the sense

that the contest over land-use rights has not been

productively solved (Contreras-Hermosilla and Fay,

2005; Suyanto, 2007). In the formal government

policies, however, the perception that it is ‘core forest’

is retained, against the evidence on the ground. To

further complicate matters, available evidence suggests

a gradual shift in the primary drivers of deforestation

(Rudel, 2007) or in the ‘agricultural transition’ (Geist

et al., 2006) that is the interlude in the forest transition.

These forces and drivers will first have to be countered

and stopped before reforestation can be expected to

succeed. An empirical approach to ‘non-linear base-

lines’ by choosing ‘control’ areas outside the project

intervention domain is based on an assumption of

constancy of drivers and absence of leakage or influence

that is hard to prove if areas are close together; if the

control area is far away the similarity of conditions and

drivers will be in doubt.

(4) Inherent lack of ‘synergy’ with other development

activities, as synergies further complicate attribution

and ‘additionality’. ‘‘If the starting date of the project

activity is before the date of validation, provide evidence

that the incentive from the CDM was seriously

considered in the decision to proceed with the project

activity. This evidence shall be based on (preferably

official, legal and/or other corporate) documentation

that was available at, or prior to, the start of the project

activity. [PDD GL ver6.2, p. 11]’’. This rule, for
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example, excludes all government tree planting support

in Indonesia in areas prioritized for the ‘national

reforestation and regreening’ program (GERHAN or

GNHRL), as this multiyear program was set up to

recover forests for national and local benefits, without

reference to CDM. National reforestation programs tend

to focus on the provision and planting of Trees—not on

removing other constraints to spontaneous (non-project

based) tree planting. For CDM any credible removal of

‘key constraints’ is eligible as project design, and

current focus on ‘tree planting projects’ may in fact be

unnecessarily restrictive.

(5) High transaction costs and temporary nature of credits.

Because the governance framework for CDM had to

respond to many different concerns and interests, the

resulting procedures involve many steps, concepts and

language that is hard to understand for local stake-

holders. Analysis of the experience so far in both the

formal and voluntary forms of ‘clean development’

point to high transaction costs. Cacho et al. (2003) and

Cacho (2006) calculated that at a (rather optimistic)

CER (Carbon Emission Reduction Certificate) price of

20$/t CO2 equivalent, and an average farm size of 2 ha, a

minimum of 415 farms would have to be combined for a

‘breakeven’ point, at which the transaction cost would

be 100% of the value. With a smaller number of farms

there is a net cost; if one wants the transaction cost to be

les than 50% (while in ‘regular’ development support an

administrative overhead of more than 15% is usually

frowned upon) one will need nearly twice the number of

farms. These calculations are based on a number of

assumptions and indicate a number of directions for

improving the feasibility. Efficient ways for small-

holders to get together and undertake joint action, with

full support of local and higher level government, are

definitely needed to make it work and ‘pilots’ can help

reduce the costs of information for followers, but even

the pilots with substantial external support are not

moving as fast as expected. As A/R CDM is ‘sink

creation’, while fossil fuel substitution or emission

reduction activities are ‘source reduction’, direct

comparison has been difficult on the basis of

‘permanence’ criteria. In the absence of national

bottom-line accountability for terrestrial carbon stocks

in interconnected commitment periods, the international

rules created a ‘temporary emission reduction credit’

system, that is much less attractive on the carbon market

than other credit types, and will fetch a lower price.

(6) Other issues. ‘Lack of mitigation of climate change’ (as

the emission reduction achieved outside Annex-I

countries is used to off-set continued emissions within

Annex-I countries within the commitment cap), ‘Loss of

flexibility and sovereignty’, and ‘Lack of development

dividend’ are all mentioned in the current debate and

reduce public support for the issue (Griffiths, 2007).

These issues have all been considered in the design stage

of CDM and various parts of the rules are intended to

deal with them, contributing to the high transaction

costs. The ‘development’ side of CDM has been left to

the national authorities to judge—as international

imposition of criteria and rules was considered to be

inappropriate and ineffective. The first set of approved

projects in the energy sector and in the reduction of

fluorocarbon emissions (advanced relative to a baseline

of compliance with the Montreal protocol; Schwank,

2004), however, has left many questions about how this

national filter in the decision-making works. In the land

use and land cover change domain, especially where

rural poor are involved, the imposition of further

restrictions on land use will have to meet the criteria of

‘free and prior informed consent’, if real development is

to be achieved.

1.3. Achieving net reduction of emissions from land use

and land cover change

The first five issues discussed are all specific to the

application of ‘flexible mechanisms’ outside of the

jurisdiction of the Annex-I countries that made binding

commitments to reduce their net emissions. Within and

between Annex-I countries questions of forest/non-forest (a

much larger set of land cover classes is used, more linked to

actual carbon stocks), additionality, baseline, leakage,

synergy and transaction costs do not apply, because all

accounting occurs at national boundaries and refers to

‘outcomes’ (changes in stock) rather than ‘projections’.

Within an Annex-I country, a wide array of mechanisms can

and is used to provide effective incentives and rules to switch

to an economy with lower net carbon emissions, but this is

handled within national sovereignty. The simplest way to

achieve a stronger net reduction of anthropogenic emissions

from land use and land cover change may therefore be to

emulate the regime of Annex-I countries where the net land-

based emissions are concerned, by applying national scale

outcome (net stock change) accounting (Cowie et al., 2007).

At national boundaries, the ‘leakage’ issues disappear (or at

least substantially change in character), while a pure

‘outcome’ based accounting over large areas reduces the

need for the ‘micro-management’ that current project design

implies. A national scale accountability will interact with the

existing economy and multiscale decision making, without

imposing a rigour of international standards on process, and

‘locking in’ of specified land areas from flexible decision

making.

A change towards such an international regime is

obviously constrained by the ‘path dependence’ of the

international debate so far, and will have considerable

‘vested interest’ in the current administrative set-ups to deal

with, but the rest of this article is based on the assumption

that a review of the modalities beyond the first commitment

period of Kyoto is needed and that substantial change is in

the air, in the context of the debate on ‘avoided
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deforestation’ or ‘reduced emissions from deforestation and

degradation’. If national scale accountability emerges,

governments will have full incentives to remove obstacles

to remove current constraints to economically attractive use

of trees in the landscape, in ways that are explicitly

multifunctional and retain flexibility and responsiveness to

market forces (Van Noordwijk et al., 2007b).

In the context of a project to support the development of

the first set of A/R-CDM projects in Indonesia, we carried

out an analysis of scenarios of land-use change for the pilot

areas that had been selected on the basis of a broad

stakeholder consultation process. Within the context of A/R-

CDM our analysis was aimed at deriving dynamic baselines

for a business-as-usual scenario, as well as an exploration of

the changes in net carbon stocks that can be expected to

occur outside of the area of project intervention. In current

terminology, such changes have to be partitioned according

to the degree of control of ‘project partners’: changes within

their ‘domain’ are to be included in the ‘project boundary’

(which implies that both negative and positive changes are

accounted), outside that domain they are handled as

‘leakage’ (but only if they involve a reduction in net carbon

stocks; positives are considered to be ‘public goods’). As in

most agricultural landscapes there is a multitude of

interactions between stakeholder decisions on the use of

land, labour and capital, as well as the generation and use of

know-how, and the expectations of benefit flows that

stakeholders use for their decisions, any credible derivation

of baselines and projected carbon stocks under ‘interven-

tion’ scenarios, requires appraisal of the interactions.

The FALLOW model (Van Noordwijk, 2002) was

designed to represent such interactions in a schematic form.

It takes the concept of the tradeoff matrix of the ASB project

(Tomich et al., 2005) into a dynamic decision process by

multiple actors who respond to changes in accessibility of

land and information as well as to price signals for

agricultural inputs and marketable products. Simulations

with the model with parameter settings that allow for human

migration tend to even out pressures on resource use across

the landscape, but can also represent the ‘urban pull’ version

of the forest transition. Suyamto and Van Noordwijk (2005)

and Suyamto et al. (2006a) developed a procedure to use the

1990–2005 period (or similar, depending on data avail-

ability) for model validation and extrapolate the model into

the future for a baseline, as well as exploration of specified

changes in the boundary conditions for local decision

making. The model can then be used to explore two types of

changes: a ‘tree planting project’ approach in which a

specific part of the landscape is used for scheduled tree

planting (interacting with the rest of the landscape through

availability of land and labour), and a ‘generic changes in

policy’ approach where rules that apply across the landscape

are modified. Whereas it is not impossible to use the second

approach as basis for CDM-project design, all current

discussion (at least in Indonesia) is focused on the first

approach.

Using the FALLOW model, Suyamto et al. (2006b)

explored the hypothesis that ‘‘Farmer-led development of

tree-based land-use systems in response to accessible

markets, legal tenure arrangements, availability of reliable

technical information and local investment can convert

degraded forest lands at low public cost and form an

attractive alternative to project-based interventions with

detailed prescriptions and planning’’. The authors estab-

lished consistency of the hypothesis with available data for

two sites designated for CDM in Indonesia: Sidenreng in

South Sulawesi and Way Tenong in Lampung. These two

sites were selected from a much larger number of potential

sites on the basis of institutional readiness, compliance with

formal Kyoto Protocol criteria and interest of local

stakeholders to enhance the tree biomass in their landscape

(Murdiyarso et al., 2006).

Here we will combine the data for Sidenreng and Way

Tenong with two further sites in Indonesia: Muara Sungkai

as a typical land rehabilitation area in Lampung province,

and Sebuku as an ‘avoided deforestation’ area in East

Kalimantan (Table 1). We will focus on the expected

differences between ‘area-specific rigidly planned tree

planting’ and ‘generic programmatic support’ types of

approach, in the context of these four benchmark areas.

2. Material and methods

2.1. Sites

The four case studies represent areas where recent carbon

stock surveys have been made, as well as analysis of land-

use change and opportunities to reduce the losses and/or

stimulate increase. Details of the model set-up are listed in

Table 2. Sebuku (Nunukan, E. Kalimantan) represents the

case of an active forest margin where both legal and illegal

logging provide local income while reducing carbon stocks

and where ‘avoiding deforestation’ will have to provide

M. van Noordwijk et al. / Agriculture, Ecosystems and Environment 126 (2008) 98–112102

Table 1

Basic characteristics of the four case studies at the regency (Kabupaten) scale (Murdiyarso et al., 2006)

Regency and province 1990 forest

cover, %

Fraction of

Kyoto eligible lands, %

Area,

km2

Human population

density, km�2

Human

Development Index

Nunukan, E. Kalimantan 98 1 15833 7 68

Sidenreng Rappang, S. Sulawesi 52 24 1932 127 66

Lampung Barat, Lampung 74 20 5170 72 63

Way Kanan, Lampung 18 75 4101 90 65
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alternative local employment. An externally funded project

has tried to reconcile enhancement of local livelihoods with

reduced emissions of carbon, but did not have a quantitative

baseline to compare their results with (Lusiana et al., 2005).

Suyamto and Van Noordwijk (2005) parameterized the

FALLOW model for this situation where forms of upland

rice—fallow rotation provide for the staple food, and mixed

agroforests for part of the income, but legal and illegal

logging also provide major income sources, while off-farm

jobs in the oil palm industry in neighbouring Malaysia are

part of the array of options considered.

Sidenreng (Sidenreng Rappang, S. Sulawesi) is a district

where irrigated rice fields provide for the staple food and

income, while a commercial tree crop or agroforest sector

has developed on the basis of cashew nut. The national CDM

pilot project identified this as a priority candidate for testing

the CDM procedures as there is an area of state-owned

grasslands outside of the forestry domain that could qualify

for afforestation. Suyamto et al. (2006b) provided details of

the FALLOW model for this situation. The expected gain in

carbon stocks for the CDM-project scenario selected by the

local stakeholders was also quantified with the CO2FIX

model (Masera et al., 2003).

Way Tenong (Lampung Barat, Lampung) was until

recently part of the Sumberjaya district where a number of

migration waves from the 1950s onwards lead to large-scale

forest conversion to coffee gardens (Verbist et al., 2005) and

conflicts with the forestry department. Van Noordwijk et al.

(2002) provided measurements of carbon stocks at plot and

landscape scale with coffee monoculture and forms of

Multistrata coffee gardens as the main options that can

provide for local livelihoods. Suyamto et al. (2003)

described the first efforts to apply the FALLOW model to

this landscape with Suyamto et al. (2006b) using the specific

CDM design proposed for the area as basis for scenario

calculations. Recent data on N2O emissions for the area

suggest that abundance of leguminous trees can increase

nitrous oxide emissions (Verchot et al., 2006), but in the

absence of data for other sites and systems these effects were

not included in the model.

Muara Sungkai (Way Kanan, Lampung) is part of the

Northern Lampung benchmark area of the Alternatives to

Slash and Burn project characterized in the early nineties as

an Imperata cylindrica grassland domain (Van Noordwijk

et al., 1995), with only small remnants of forest left, low

productivity of food crops (mostly cassava) and a govern-

ment sugarcane plantation providing off-farm labour and in

some of the years an outgrower scheme. Carbon stocks in

homegardens in the area were characterized by Roshetko

et al. (2002). In the last 10 years rubber and oil palm entered

the area as tree crop options and experiments with

smallholder timber showed the potential for farmer-led

agroforestation. The area is a stepping stone in the human

migration patterns between densely populated Java, the

attractions of (illegal) opening of coffee gardens in the

mountains of Sumatra and circular migration to urban jobs.
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Profitable land-use options here can therefore reduce

pressures elsewhere in the landscape, but the concept of

‘leakage’ can be only assessed by considering as wide a

range of livelihood options as the local farmers do. Suyamto

et al. (2006a) provided details of the FALLOW model set-up

for this site.

2.2. Model

The rural landscape of Southeast Asia has been

developed from a basis of ‘shifting cultivation’ and

fallow-crop rotations into a diverse mosaic of agroforestry

systems, forest patches used for non-timber products as well

as timber harvesting, permanent cropping systems and fire-

climax Imperata grasslands. The primary agents of change

are the farmers who make their strategic decisions on land-

use patterns and tactical decisions on labour allocations,

both likely to be based on the results they expect to obtain,

and strongly conditioned by capital availability. In addition

to the farmers, however, large-scale operators also modify

land, typically within spatially explicit ‘concessions’; these

concessions interact with the local population via demand

for labour and as alternative source of income. The

expectations of the rural population gradually change on

the basis of local experience, and are influenced by external

information sources (knowledge diffusion from elsewhere

and ‘extension’ or the priming of expectations for land-use

practices that are not yet widespread). At the local

community scale, specific restrictions on land-use options

are set, and issues such as fire control are determined by the

cohesiveness of the local community. Prices of the various

commodities and their volatility are determined by the

surrounding economy, as does the wage rate for off-farm and

out-of-the-landscape labour opportunities. The overall

outcome of the dynamic land-use mosaic determines the

amount of biomass and carbon stocks of the landscape, the

way incoming rainfall is processed and the opportunities for

flora and fauna of pioneer-to-late-successional species

groups to make a living along with the people in the

landscape.

The FALLOW model was designed to provide a

comprehensive description of the factors and interactions

described above, to allow the testing of hypotheses

about causal explanations (including the various direct

and indirect feedbacks) and to evaluate ‘scenarios’ of

‘baseline’ and policy-change land-use evolution. (Van

Noordwijk, 2002; http://www.worldagroforestry.org/sea/

Products/AFModels/FALLOW/Fallow.htm). Given the

complexities of interactions, the FALLOW model is

intended as a ‘prospecting’ tool, to provide foresight of

changes of drivers of landscape dynamics, reveal the

implications of baseline trajectories based on currently

understood causality, and illuminate options for future

action. Detailed predictions are unlikely to be feasible for

the open system that dynamic landscapes are, full of non-

linearities and exogenous drivers of change.

The core dynamic modules of the FALLOW model were

originally developed from a simple model that relates soil

fertility dynamics of fallowed and cropped fields to crop

productivity, proposed by Trenbath (1989). In its further

development, explicit spatial representation of fields and

explicit incorporation of farmers’ decision making on land-

use systems/off-farm jobs were included. The current

version of the model is built using PCRaster, a shared

spatio-temporal dynamic modelling tool developed by

Utrecht University, the Netherlands (http://pcraster.-

geo.uu.nl/index.html). More detailed description of the

conceptual framework of the model is provided elsewhere

(Van Noordwijk, 2002; Suyamto et al., 2003; Suyamto and

Van Noordwijk, 2005).

2.3. Model validation, baselines and scenarios

For all four sites we first attempted a ‘validation’ phase,

by comparing the predictions over a 10–15 year time frame

that are based on a generic set of properties of the various

land-use systems (initialized on the basis of recent surveys)

and the land cover maps as close as feasible to 1990, with the

reality as observed in the 2000–2005 period (depending on

image availability for the various sites). The discrepancies

observed were analyzed for their likely cause, and a number

of refinements in model structure or input data were made to

reduce discrepancies (noted in the various basic site model

descriptions), but no attempt was made to ‘fit’ the model to

the results as such. The validation test may therefore be used

as indication of the type of deviation that can be expected for

the ‘baseline’ predictions. After this validation phase,

model runs were made for 30 years with the recent land

cover maps as input to establish a dynamic baseline,

followed by simulations that represent the CDM-project

design developed by local stakeholders, and a stepwise

‘programmatic’ approach based on changes in generic

parameters (Table 3).

Any difference (either over time or due to different

methods of assessment) in total carbon stocks of a landscape

can be split into two terms (Van Noordwijk et al., 2000):

Cstock2 � Cstock1 ¼ A2

Xn

i¼1

ai;2Ci;2 � A1

Xn

i¼1

ai;1Ci;1

¼ A

�Xn

i¼1

ðai;1ðCi;2 � Ci;1Þ þ ðai;2 � ai;1ÞCi;2Þ
�

(1)

where A is the total area (assumed to be constant with time)

and ai are the fractions under a range of land cover types and

Ci,t is the C stock per unit area under land use i at time (or

method) t. The first term in the right hand side of the

equation represents change (or uncertainty) in the average

C stock per land-use class, rated at the initial area fraction,

and the second term the change (or uncertainty) in area for

each land cover class, rated at the final C stock density.As

M. van Noordwijk et al. / Agriculture, Ecosystems and Environment 126 (2008) 98–112104
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part of the model validity tests we thus calculated:

Uncertainty in carbon density

¼
Xn

1

�
ðCsimi � CrefÞi:

ArefiPn
1 Arefi

�
; (2)

where Csimi is total simulated carbon stocks of land use type

i, Crefi is total reference carbon stocks of land use type i, and

Arefi is total reference area of land use type i, and

Uncertainty in land cover fraction

¼
Xn

1

��
AsimiPn
1 Asimi

� ArefiPn
1 Arefi

�
:Crefi

�
; (3)

where Asimi is total simulated area of land use type i, Arefi is

total reference area of land use type i, and Crefi is total

reference carbon stocks of land use type i.

Spatial goodness of fit was calculated based on procedure

proposed by Costanza (1989), at k = 0.0075. Spatial

goodness of fit in Sebuku was done at overall landscape

scale, while in Sidenreng and Way Tenong, it was done by

land-use classes.

The ‘project’ activity at the three A/R CDM sites was

simulated on the basis of tree plantation development with

growth rates and labour requirements derived for Acacia

mangium. Labour for the projects was obtained from the

local population at the official minimum wage rate. Leakage

was estimated using the following equation:

ðAp� AlÞ
Ap

� 100%; (4)

where Ap is carbon additionality (compared to baseline for

the area) at project scale and Al is carbon additionality

(compared to the appropriate baseline) at landscape scale.

The programmatic approach for the various sites (as

indicated in the right hand column of Table 2) was based in

Sebuku on improvement of productivity of agroforestry

systems, better markets for agroforestry products and an

effective reduction on timber prices through implementation

of a (local) logging ban or similar landscape-wide rules. In

Sidenreng and Way Tenong the program consisted of legal

tenure (or at least use) rights creating unconstrained access

to the grasslands. In Way Tenong the use rights were

restricted to the use for multistrata coffee systems practices,

while such systems were promoted through extension,

subsidy of planting materials and market improvement. In

Muara Sungkai the program consisted of a better local

timber market, effective extension in timber-based systems

management and better social control of fire.

3. Results

3.1. Validation test results

The Sebuku landscape operates at an average above-

ground C stock density of 170 Mg ha�1 (based on

assessment methods described in Hairiah et al. (2001),

while the three others are on the 20–30 Mg ha�1 range

(Table 4). Over the 10 year validation period the model

prediction of land cover change, based on endogenous

drivers of change in local land-use decisions, was �6 to

+6 Mg C ha�1 range, with most of the uncertainty in the

M. van Noordwijk et al. / Agriculture, Ecosystems and Environment 126 (2008) 98–112 105

Table 4

Comparison of FALLOW model predictions over a 10-year simulation period initiated with 1990 data with the actual land cover and C-stock estimates for 2000

Site Type of model

evaluation

Estimated time-

averaged baseline

aboveground C

stocks for 30-year

period, Mg ha�1

D estimated landscape C-stocks, Mg ha�1 Spatial goodness

of fit: mean (standard

deviation), %

Area difference:

mean (standard

deviation), %

Due to uncertainty in

carbon density

Due to uncertainty in

the land cover fraction

Sebuku Validation test 178 �5 �1 70 (*) +11 (11)

Sidenreng Validation test 33 +4 +2 41 (12) +10 (30)

Way Tenong Validation test 28 +4 +1 54 (26) +19 (59)

Muara Sungkai Sensibility testa 37 * * * *

a Sensibility test as defined by Huth and Holzworth (2005) as comparison with expert opinion.

Table 3

Steps in the modelling process of project and program scenarios relative to a dynamic baseline

Validity test Baseline Additionality and leakage tests

Parametrization Survey data (2005) + default parameters Same Specific modifications to simulate

spatially explicit ‘project’ or

generic ‘program’ designs

Initialization Land cover in 1990 (Remote sensing) Land cover in 2005 (Remote sensing) Land cover in 2005 (remote sensing)

FALLOW predictions Land cover in 2005 Land cover, C stock and income

dynamics 2005–2035

Land cover, C stock and income

dynamics 2005–2035

Interpretation Model validity test based on C-stock, LU

fractions and spatial pattern, compared

to remote sensing data 2005

Dynamic baseline Additionality of C stocks, net effects

on non-food expenditure
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mean C stock within a land-use class (which the model

treats as an age-dependent dynamic property and the

‘observed reality’ treats as a mean of observations). Some

compensation occurs between land cover classes that are

over- or under-predicted when the comparison is made at

the total C stock level. A pixel level goodness of fit test

revealed 40–70% consistency, suggesting that the spatial

patterns of land cover classes are far less predictable than

their total amounts. Visual inspection of the maps suggested

that the current setting of the model still leads to

insufficiently spatially clustered land cover changes, and

results in a pattern that is more fine-grained than the one

observed.

3.2. Baselines of carbon stock development

Accepting the validation results for each of the site a set

of simulations was made to derive dynamic baselines of

aboveground C stock in the landscape under the standard

parameter conditions, and without exogenous changes

influencing the results (Fig. 1). For all 4 sites the baseline

is non-linear.

The Sebuku baseline suggested a gradual increase in the

rate of C stock loss (average �0.8 Mg C ha�1 year�1), the

Way Tenong a gradual further C stock loss (average trend

�0.25 C ha�1 year�1, the baseline for Sidenreng was

approximately stable, while Muara Sungkai showed an

upward trend (average trend 0.27 C ha�1 year�1, but with a

cycle with amplitude of about 10 Mg C ha�1 superimposed

on it.

3.3. Tradeoffs between livelihoods and C gains

Table 5 summarizes results for the project scenario as

well as the best among the various programmatic scenarios

considered, with full details in the various site publications.

The predicted gains in time-averaged C stock over the

baseline scenarios were highest in Muara Sungkai, at about

60 Mg ha�1 for the 30 year time frame of evaluation and

contains multiple harvest cycles and 25 Mg ha�1 for the 5

year value; the tree growth rate assumption for the fast

growing timber plantation may, however, be an overestimate

for the possibilities on this site. The local human welfare

effect of such a project will, however, be small if the local

population is only engaged as wage labourer. Given the low

baseline human welfare indicator for this area, a substantial

increase is feasible when constraints to tree-based systems

are removed for this area in a programmatic approach. This

can lead to a threefold increase in the additional carbon

storage in the assessment area, along with a doubling of

welfare.

For the Way Tenong and Sidenreng case the prospects of

additional carbon storage and human welfare are much less,

because there are profitable local agroforestry systems to

compete with: coffee-based production in Way Tenong

where the higher C stocks of multistrata systems are

approximately neutral in income effect; the cashew-based

agroforestry in Sidenreng also provides higher returns to

labour than the timber plantations according to our survey

data, while there is no excess labour in the area.

Consequently, the project (which assumes that the labour

requirements for the plantation are met before the other

land-use activities get a chance, has negative effects on

welfare. It initially has negative effects on C stocks as well in

the specific simulations, because fire in the landscape is a

major factor. In reality in a case like this outside labour

might be brought to meet the labour demand for the

plantations, but decreasing the interactions with local

livelihoods.

In Sidenreng the 30 year project has a 200% leakage:

the labour absorbed by tree planting reduces multistrata

cashew elsewhere, and leads to a landscape level

reduction in simulated carbon. All other ‘leakage’

calculations show negative results, suggesting that land-

scape scale C stocks increase surrounding the project,

through positive effects on expected financial gains from

planting trees as they see happen (or do as temporary

labour) within the project domain. The programmatic

M. van Noordwijk et al. / Agriculture, Ecosystems and Environment 126 (2008) 98–112106

Fig. 1. (A) Predicted aboveground carbon stock for the simulated area for a baseline scenario and (B) relationship between baseline carbon stock and baseline

human welfare indicator for the four test areas using the validated FALLOW model.
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Table 5

Predicted changes in carbon stock and indicators of human welfare compared to the dynamic baseline for FALLOW model scenario results for the project approach of tree planting in a specified area and the best

combination of program approaches that reduce constraints to profitable tree use on farm

Site Scenario Evalua-tion

period (years)

Project scale time-averaged C

stocks (baseline and

additionality)

Landscape scale time-averaged C

stocks (baseline and additionality)

Project

leakage in %

Time-averaged welfare indicatora

Baseline,

Mg ha�1

Additionality Baseline,

Mg ha�1

Additionality Baseline, USD.

capita�1 year�1

Additionality, USD.

capita�1 year�1

Relative, %

Mg ha�1 Gg Mg ha�1 Gg

Sebuku Programmatic 25 171 6.8 168 616 �124 �32

5 178 0.4 9 1216 �17 �1.6

Sidenreng Project 30 28 5.9 6.8 27 �0.1 �6.6 197 1005 �361 �37

5 27 �5.3 �6.1 26 �0.6 �51 �731 1338 �339 �25

Programmatic 30 28 3.9 4.4 27 1.5 129 1005 566 96

5 27 0.5 0.5 26 �0.6 �51 1338 �34 �2.4

Way Tenong Project 30 21 3.6 32 22 1.8 56 �75 287 �28 �4.3

5 23 0.7 5.8 24 0.1 2.2 62 399 �139 �35

Programmatic 30 21 2.1 18.4 22 2.0 60 287 9.7 2.6

5 23 �0.2 �2.0 24 �0.1 �3.0 399 13 3.1

Muara Sungkai Project 30 9 64.8 276 43 5.9 322 �17 154 �21 �17

5 8 26 112 39 2.4 130 �16 99 �16 �20

Programmatic 30 9 43 17.2 941 154 244 204

5 8 39 2.6 140 99 43 65

a Sebuku uses total income as welfare indicator, other sites non-food expenditure as measured.
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scenario with full local labour employment gives best

results in Muara Sungkai, where the wage rate feasible in

cassava production in the baseline scenario is below the

minimum wage rate used for the project scenario

calculations.

The upper right corner of the tradeoff graph between gain

in C stock and rural welfare, which would represent real

win–win scenarios, is remarkably empty (Fig. 2). The

predicted increases in aboveground C stock density over the

landscape as whole were less than 10 Mg ha�1 for a 5 year

evaluation period and generally less than 15 (with a

maximum at 17) Mg ha�1 for a 30 year evaluation period, as

most tree-based systems simulated have a rather short

harvest cycle.

In the Sebuku landscape a clear tradeoff between C

stock and income was evident, because forms of logging

are profitable but reduce C stock and none of the

alternatives in the model could off-set such benefits.

A number of scenarios that lead to C stick increase

reduce human welfare, by replacing more profitable land

use of lower C stock density. In general the circular

symbols of the projects were lower than their program

counterparts, while being substantially lower in human

welfare benefits.

4. Discussion

Before we can draw conclusions with respect to the

agroforestation hypothesis, we need to reflect on the validity

of the tool that we use. After initialization with the 1990

parameters the model approximates the situation in the

2000–2005 test period at landscape scale, but the agreement

between predictions and reality obviously gets less with

increasing spatial resolution. Certain aspects of the spatial

pattern are not well captured, especially the clustering of

actual land-use changes where the model predicts too fine a

pattern. When expressed as landscape scale carbon stock,

the discrepancies are �6 to +6 Mg C ha�1 or 4–25% of the

baseline value. This error can be decomposed in an error in

the land cover fractions and one in the average C stock for

land cover category, and the data suggest that the uncertainty

on C stock density within each land-use category is the major

component of overall uncertainty. The larger the area

involved, the more likely it is that such variation ‘averages

out’ across the full range of ages and growth conditions

involved.

Against this qualified level of ‘validity’ of the model

scenario results, we can expect that qualitative patterns and

trends will have some reality value, but that the specific

M. van Noordwijk et al. / Agriculture, Ecosystems and Environment 126 (2008) 98–112108

Fig. 2. Predicted tradeoff between change in aboveground C stock relative to the dynamic baseline and the net effect on income for the various project and

programmatic scenarios; (A) with C stock expressed per ha and income per capita; (B) with both expressed as totals; (C) comparison of the carbon stock versus

welfare tradeoff (compare Fig. 1B).
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configurations predicted for each landscape only represent

one of a rather broad range of plausible outcomes. For the

purpose of the current comparisons and as ‘prospective’ tool

the model may suffice, but for real C accounting

measurements cannot yet be substituted.

For all 3 afforestation/reforestation sites the current

model indicates that some of the solutions ‘found’ within the

model by the simulated actors and their heuristic learning

from experiences within the model, are superior to the

‘CDM-project design’ that was used as input. In that sense,

the results support the hypothesis that ‘‘farmer-led devel-

opment of tree-based land-use systems in response to

accessible markets, legal tenure arrangements, availability

of reliable technical information and local investment can

convert degraded forest lands at low public cost and form an

attractive alternative to project-based interventions with

detailed prescriptions and planning’’. This support for the

internal consistency of the hypothesis is only partial,

however, as one could use the ‘optimized’ land cover

trajectory that results from the model as predefined project,

and achieve the same results. A broader discussion of the

various interventions for supporting agroforestation is

provided by Van Noordwijk et al. (2007b), in the context

of current plans by the Government of Indonesia to develop

long-term land-use contracts with local communities for

converting ‘non-forested forest lands’ to productive tree

plantations.

The approach proposed here is compatible with both the

‘‘Net Accounting with Negotiated Baselines’’ and the

‘‘Average Carbon Stocks’’ approach discussed by Cowie

et al. (2007) as most promising options for a future ‘all

lands’ accounting framework. Schlamadinger et al. (2007)

discusses weaknesses of the current system of land use, land-

use change and forestry accounting in the Kyoto Protocol’s

first commitment period, and proposes a mechanism that

addresses the weaknesses but is based on the existing

structure. Beyond ‘deforestation’ in a black-or-white binary

classification, forest degradation also contributes to green-

house gas emissions but it is more technically challenging to

measure than deforestation. Data on carbon stocks per unit

of land, which are needed to estimate emissions, cannot

currently be observed directly over large areas with remote

sensing, and considerable ‘ground truthing’ is still required

to establish reliable carbon stock estimates (DeFries et al.,

2007).

As part of the institutional arrangements and political

discussions it is necessary to partition natural, indirect, and

direct human-induced effects on terrestrial carbon (C)

sources and sinks as part of debates on attribution,

commitments and inter-country benefit transfers (Canadell

et al., 2007). However, the human-induced changes will

occur partially in ‘adaptive response’ mode to the ever

changing opportunities of the environments and markets,

that in themselves respond to natural events that reflect

climate variability rather than change. A simple additive

model will not adequately reflect these interactions.

Canadell et al. (2007) discussed five options for including

various groups of influences including climate variability,

CO2 and N fertilization, and legacies from forest manage-

ment. These are: (i) selecting longer accounting or

measurement periods to reduce the effects of inter-annual

variability; (ii) correction of national inventories for inter-

annual variability; (iii) use of activity-based accounting and

C response curves; (iv) use of baseline scenarios or

benchmarks at the national level; (v) stratification of the

landscape into units with distinct average C stocks. They

concluded that more sophisticated modelling approaches

will provide essential learning but are not yet ready for

adoption in an inclusive international C accounting system.

We concur with this conclusion in as far as the validity of the

FALLOW model is concerned. These models can, however,

be used as guide in the development of outcome-based

incentive systems within the sovereign countries that seek

efficient ways to meet international obligations and

participate in an international market for consumable goods

as well as environmental services. Such ‘outcome-based’

approaches can provide a ‘selective landscape’ (Beinhocker,

2007) for self-organizing local initiatives that may lead to a

more inclusive search and adaptive response than ant a priori

project design can generate.Sathaye and Andrasko (2007)

discussed how Stratified Regional Baselines can explicitly

acknowledge the heterogeneity of carbon density, land-use

change, and other key baseline driver variables across a

landscape and provide more objective, standardized and

transparent methodologies than the project-specific experi-

ence to date.

Negative leakage was estimated to be negligible in

Mexico’s application of the Plan Vivo, according to De Jong

et al. (2007). The Plan Vivo project is selling voluntary

carbon credits to national and international institutions and

uses the funds to provide financial incentives and technical

assistance to farmers interested to participate in the project.

It avoids many of the procedural steps of A/R CDM and yet

applies rigid rules for baselines, accountability and leakage

(De Jong et al., 2005). It has several characteristics in

common with the scenarios explored here for Indonesian

landscapes.

Brown et al. (2007) discussed baselines for avoided

deforestation in the tropics because these are a critical part

of establishing additionality. They compared three models,

ranging from simple extrapolations of past trends in land

use based on simple drivers such as population growth to

more complex extrapolations of past trends using spatially

explicit models of land-use change driven by biophysical

and socio-economic factors. Across six regions the

simplest model, applied at the national administrative-

unit scale, projected the highest amount of forest loss (four

out of six regions) and the intermediate complexity model

the least amount of loss (four out of five regions). Readily

observable physical and biological factors as well as

distance to areas of past disturbance were each about twice

as important as either sociological/demographic or
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economic/infrastructure factors (less observable) in

explaining empirical land-use patterns. Baselines pro-

jected forward for more than 10 years are likely to be too

rigid in their assumptions of all else being equal, and will

no longer provide plausible outcomes.

The project mindset that underlies CDM is based on

simple cause-and-effect paradigms that may work in an

industrial setting, but that does not apply to the complex,

adaptive, integrated socio-ecological systems that determine

land-use change. Constanza et al. (2007) stated: ‘‘Complex

systems may exhibit multiple interactions between apparent

drivers and responses where the direction s and strength of

interactions are not necessarily explicable in terms of simple

cause–effect relations’’. A bottom-line accountability by the

primary actors at an appropriate scale that ultimately accepts

‘baselines’ as negotiated outcomes of a discussion rather

than based on objective science is needed. Once again, the

Annex-I country regime for terrestrial carbon stocks is

viable, but piece-meal approaches in developing countries

under the current rules have not proved to be effective. A

broader and more participatory approach to landscape

scenarios (Evans et al., 2006) may have to provide the basis

for such ‘baseline commitments’, which would allow

stronger synergy with other environmental services as the

primary motivator for clean development in the local context

(Leimona et al., 2006; Van Noordwijk et al., 2006, 2007a).

In conclusion, our analysis suggests that the primary

constraints to an increase in terrestrial carbon stocks vary

substantially between the sites. In some cases profitable

agroforestry systems operating at relatively low time-

averaged carbon stock density are the preferred option

from a local livelihood perspective. In such cases imposing

tree planting may enhance C stock at the cost of local

livelihoods, and will not happen if decisions are left to the

farmers. In other cases, creating access to lands that

currently have low C stock vegetation and low utility may be

sufficient to achieve substantial carbon stock gains. The

active search for better solutions of local actors under a

‘programmatic’ facilitation may be expected to give better

results than ‘project design’, but calls for an outcome-based

type of carbon benefit accounting with less requirements of

‘additionality’ and hence more opportunities for synergy.

Such schemes should be based on actual C storage rather

than on the current definition of forest, if environmental

benefits are to be achieved.
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