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Preface
This Review was commissioned by the Prime Minister. The Review is an independent
report to government, prepared by Johan Eliasch with the support of the Ofﬁce of Climate
Change. It aims to provide a comprehensive analysis of international ﬁnancing to reduce
forest loss and its associated impacts on climate change. It does so with particular reference to the international efforts to achieve a new global climate change agreement in
Copenhagen at the end of 2009.
The Review focuses on the scale of ﬁnance required to produce signiﬁcant reductions
in forest carbon emissions, and the mechanisms that, if designed well, can achieve this
effectively to help meet a global climate stabilisation target. It also examines how mechanisms to address forest loss can contribute to poverty reduction, as well as the importance
of preserving other ecosystem services such as biodiversity and water services.

Approach to the Review
A range of new research and analysis was commissioned for this Review from the following
international organisations and institutes:
s AEA
s Chatham House
s Climate Strategies
s CSERGE, University of East Anglia
s EcoSecurities
s International Energy Solutions (IES)
s International Institute for Applied Systems Analysis (IIASA)
s International Institute for Environment and Development (IIED)
s Judge Business School, University of Cambridge
s LTS International
s The Met Ofﬁce Hadley Centre
s Overseas Development Institute (ODI)
s ProForest
s The Royal Botanic Gardens, Kew
s School of Biological Sciences, Plymouth University
s United Nations Environment Programme World Conservation Monitoring Centre
(UNEP/WCMC)
This Review also draws on a large amount of previous research in the literature. The
subject of carbon ﬁnance and global forests is complex and wide-ranging, and not all
literature, particularly in some of the specialised subject areas, could be cited in this
report. However, where more information is sought on any section of this Review, we
recommend referring to the previously published reviews, summary articles and more
detailed references that are cited in the report.
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During the Review, the team visited a number of countries to learn from projects and
policies on the ground in forest nations, including Brazil, Indonesia, Cameroon and the
Democratic Republic of Congo. The team also met with representatives of Papua New
Guinea and Guyana.
In preparing its analysis the team has consulted broadly. Submissions to the Review
were invited in March 2008 and a series of meetings and round-tables were held in May
2008 with representatives from NGOs, academic institutions and business groups who
responded to the questionnaire. These included Fauna and Flora International, Greenpeace, The Rainforest Foundation, Sustainable Forest Management Ltd, The Prince’s Rainforests Project, Department for International Development, Global Canopy Programme,
Forests Philanthropy Action Network, University of Leicester, Centre for Environmental
Research, Quest, University of Reading, Forestry Commission, WWF, Down to Earth and
Global Witness

About the author
Johan Eliasch is the Prime Minister’s Special Representative on Deforestation and Clean
Energy. In this role he was commissioned to undertake an independent review on the
role of international ﬁnance mechanisms to reduce the loss of global forests in tackling
climate change.
A team from the Ofﬁce of Climate Change (OCC) supported Johan Eliasch in
conducting the Review and acted as its secretariat. The OCC works across HM Government to support analytical work on climate change and the development of climate
change policy and strategy.
The executive summary, full report, background papers and further information are
available from www.occ.gov.uk.
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Background papers
A series of background papers was produced based on the research and analysis commissioned for the Review from international academics, experts, organisations and institutes.
These papers were used as part of the evidence-gathering process to inform the Review:
s Betts, R et al (2008) Forests and emissions: a contribution to the Eliasch Review, The Met
Ofﬁce Hadley Centre
s Franco, M (2008) Carbon absorption and storage, School of Biological Sciences, Plymouth University
s Grieg-Gran, M (2008) Costs of avoided deforestation, International Institute for Environment and Development (IIED)
s Gusti, M et al (2008) Technical Model of the IIASA model cluster, International Institute
for Applied Systems Analysis (IIASA)
s Hoare et al (2008) Estimating the cost of building capacity in rainforest nations to allow
them to participate in a global REDD mechanism, Chatham House, ProForest, Overseas
Development Institute (ODI), EcoSecurities
s Hope, C (2008) Valuing the climate change impacts of tropical deforestation, Judge Business
School, University of Cambridge
s Hope, C and Castilla-Rubio, J C (2008) A ﬁrst cost beneﬁt analysis of action to reduce
deforestation, Judge Business School, University of Cambridge
s Moat, J et al (2008) Rapid forest inventory and mapping: Monitoring forest cover and land
use change, The Royal Botanic Gardens, Kew
s Miles, L et al (2008) Mapping vulnerability of tropical forest to conversion and resulting
potential CO2 emissions, UNEP/WCMC
s Hardcastle, P et al (2008) Capability and cost assessment of the major forest nations to
measure and monitor their forest carbon, LTS International
s Sajwaj, T et al (2008) The Eliasch Review: Forest management impacts on ecosystem services,
AEA
s Sathaye, J et al (2008) Updating carbon density and opportunity cost parameters in deforesting regions in the GCOMAP model, International Energy Solutions (IES)
s Schlamadinger, B and Baalman, P (2008) Scaling up AFOLU Mitigation Activities in NonAnnex I Countries, Climate Strategies
Further details of the background papers and the approach of the Review are available on
the OCC website at www.occ.gov.uk.
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Executive summary
1.

The scope, aims and approach of the Review

The Eliasch Review is an independent report to government. It aims to provide a comprehensive analysis of international ﬁnancing to reduce forest loss and its associated impacts
on climate change. It does so with particular reference to the international debate
surrounding the potential for a new global climate change deal in Copenhagen at the
end of 2009.
The Review focuses particularly on the scale of ﬁnance required and on the mechanisms that can, if designed well, lead to effective reductions in forest carbon emissions to
help stabilise greenhouse gases in the atmosphere and avoid the worst effects of climate
change. It also examines how mechanisms to address forest loss can contribute to poverty
reduction, as well as providing incentives to preserve other ecosystem services such as
biodiversity and water services.
This Review draws on a large amount of previous research in the literature, responses
to a stakeholder consultation exercise and visits to various countries including forest
nations in Latin America, Africa and south east Asia. A range of new research and analysis
was undertaken by the Review Team and commissioned for the Review from the following
international organisations and institutes: AEA; Chatham House; Climate Strategies;
CSERGE, University of East Anglia; Ecosecurities; IES; IIASA; IIED; Judge Business School,
Cambridge University; LTS International; The Met Ofﬁce, Hadley Centre; ODI; ProForest;
the Royal Botanic Gardens, Kew; School of Biological Sciences, Plymouth University; and
the United Nations Environment Programme, UNEP/WCMC.

2.

Headline messages

Urgent action to tackle the loss of global forests needs to be a central part of any
future international deal on climate change. A deal that provides international forest
ﬁnancing could not only reduce carbon emissions signiﬁcantly, but also beneﬁt
developing countries, support poverty reduction and help preserve biodiversity and
other forest services. Forestry, as deﬁned by the IPCC, produces around 17 per cent of
global emissions, making it the third largest source of greenhouse gas emissions – larger
than the entire global transport sector. In the tropics, it is estimated that an area of forest
the size of England is cleared every year, and current annual emissions from deforestation are comparable to the total annual CO2 emissions of the US or China.
If the international community does nothing to reduce deforestation, modelling for
the Eliasch Review estimates that the global economic cost of climate change caused by
deforestation could reach $1 trillion a year by 2100. This is additional to the impacts of
industrial emissions. Moreover, without tackling forest loss, it is highly unlikely that we
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could achieve stabilisation of greenhouse gas concentrations in the atmosphere at a level
that avoids the worst effects of climate change.
This Review believes that an ambitious international climate change deal should
aim to halve deforestation emissions by 2020 and make the forest sector carbon
neutral by 2030 – with emissions from forest loss balanced by new forest growth.
Reducing deforestation rates signiﬁcantly will require substantial ﬁnance. Nonetheless,
even taking this into account, the net beneﬁts of halving deforestation could amount to
$3.7 trillion over the long term.
In order to achieve this, a global step change is needed in the way land is used
and commodities are produced. Success will rest largely on action at the national
level. Demand for agricultural commodities and timber will continue to rise as the world
population grows and becomes wealthier. National and international policies will need
to shift the way demand for commodities is met away from deforestation and towards
more efﬁcient and sustainable methods that ensure forest nations and communities grow
and prosper. Improvements in agricultural productivity and the sustainable management
of forests will play a key role. Consumer countries can also provide incentives for
sustainable production through preferential procurement of sustainably-produced
products and increased consumer awareness.
A central element in making this shift work will be the inclusion of the forest
sector in global carbon markets. In doing so, the costs of reducing global carbon
emissions will be reduced substantially, and lower costs will mean that a more
ambitious overall emissions target will be possible. The Review’s analysis suggests that
including deforestation and degradation (REDD) – and additional action on sustainable
management – in a well-designed carbon trading system could provide the ﬁnance and
incentives to reduce deforestation rates by up to 75 per cent in 2030. With the addition
of afforestation, reforestation and restoration (ARR), this would make the forest sector
carbon neutral.
In addition, the cost of halving global carbon emissions from 1990 levels could be
reduced by up to 50% in 2030 and by up to 40% in 2050 if the forest sector is included
in a trading system. This is due to the relatively low cost of forest abatement compared
to some mitigation in other sectors. These lower costs could also allow the international
community to meet a more ambitious global emissions target.
Full global carbon trading will take time to evolve. Any system should meet the
needs of countries at different levels of development, particularly the poorest. In
the transition period from 2012, the Review recommends that forestry abatement is
supported through a combination of ﬁnance from carbon markets and other sources
from the public and private sectors.
For this to be successful, four building blocks will be needed:
s Effective targets dependent on baselines
Emissions reductions should be measured against national baselines that provide
incentives for action by countries with high historical deforestation rates as well as
continued action by those with an effective track record of avoiding deforestation.
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s Robust monitoring and reporting
While advances in measuring techniques mean that forest emissions can now be estimated with similar conﬁdence to emissions estimates in other sectors, this will require
substantial capacity building in many forest nations.
s A well-designed mechanism for linking forest abatement to carbon markets; and
additional funding from the private and public sector
Forest abatement in developing countries needs to be matched with more stringent
emissions targets for Annex I countries. Getting this balance right could reduce costs,
attain a more ambitious global target, and maintain ﬁnancial incentives for clean technology transfer to developing countries. The Review shows that, if properly designed,
inclusion of the forest sector in the EU ETS should have little or no impact on the EU
carbon market price. This would maintain incentives for EU investment in new clean
technologies. However, a smooth transition that maintains price stability will mean
that additional funding from sources outside carbon markets will be needed in the
short to medium term. Under one scenario modelled by the Review, $7 billion could
be generated by the carbon markets in 2020 which would leave $11-19 billion to be
ﬁnanced from elsewhere if deforestation were to be halved. Much of this may need to
come from international public funding.
s Strong governance and effective mechanisms for the distribution of ﬁnance
National governments should take the lead in implementing a successful system to
tackle deforestation. Clarifying and securing land tenure user rights, and strengthening
institutional capacity at all levels, will be essential. Finance may be directed to national
and regional levels, local projects or a combination. The full participation of forest
communities will make reforms more likely to succeed and beneﬁt the poor. To help
promote transparency, countries may choose to manage carbon revenues through a
special fund and should report on the policies and measures they have put in place to
reduce the loss of their forests.
In the very short term, developing countries will need substantial support for capacity
building to prepare for entry into forest credit schemes. Estimates for this Review
suggest that capacity building in 40 forest nations could cost up to $4 billion over
ﬁve years. This will include three key areas: research, analysis and knowledge sharing;
policy and institutional reform; and demonstration activities. If international funding
from a combination of carbon markets and other sources is to be effective, the ﬁnance
will need to be well managed and coordinated. The international community will need
to agree on the proportion of ﬁnance from different sources. Several funds already exist
or are planned, and there is potential for overlap and duplication. The UK should help
mobilise international action, working with forest nations, major donors, the UN, World
Bank and others to build a coordinated system of multilateral funding. This should build
on, and draw together, current multilateral initiatives. Given the risks of climate change,
the international community must act swiftly and decisively.
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3.

Recommendations

Strong and urgent action to tackle forest loss is key to a comprehensive approach to tackling climate change. This Review recommends the following:

Finance
s The international community should aim to support forest nations to halve deforestation by 2020 and make the global forest sector carbon neutral by 2030. The
international community should provide the necessary ﬁnance to meet these goals. A
combination of international ﬁnance from carbon markets and other sources from the
public and private sectors will be needed in the short to medium term.
s As a leading international donor, the UK should make a signiﬁcant ﬁnancial contribution to tackle global forest loss.
s The forest sector should be fully included in any post-2012 deal at Copenhagen,
with market access provided by emissions trading schemes. This should be matched
by stringent emissions reductions targets for Annex I countries and appropriate supplementarity limits on international credits. A linking mechanism between forest abatement and global carbon trading should be institutionalised as part of a wider global
carbon market framework. The international community should agree on the proportion of ﬁnance from different sources.

Sustainable production
s Forest nations and the international community should undertake research to better
quantify land availability at global, national and regional scales and determine
the most effective country-speciﬁc policies for shifting to more efﬁcient, sustainable
production of commodities and timber. Policies could include improvements in
agricultural productivity in the context of wider sustainability policies, use of idle
land and sustainable forest management.
s Consumer countries should examine demand-side policies – for example, through preferential procurement of sustainably produced products and increasing consumer
awareness, ensuring that this is compatible with WTO rules. This should provide
incentives for forest nations to promote sustainable production.

Capacity building
s The international community should support forest nations in urgent research and
analysis to provide more consistent and accurate data on current emissions from the
forest sector.
s Countries with speciﬁc expertise in the forest sector should share their knowledge
and expertise. In particular, satellite technology and data management should be
made available to support poorer forest nations in measuring and monitoring changes
in forest emissions. This will build capacity for countries to participate in ﬁnancing
mechanisms and provide transparency in reporting emissions reductions.
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s Many forest nations will want to undertake policy and institutional reforms in order to
create a governance environment in which sustainable land and resource management
is possible and proﬁtable. Clarifying and securing land tenure and user rights will be
an essential part of this. The international community should provide urgent support
for capacity building where necessary.
s Demonstration activities will be needed to test new approaches and demonstrate
how credit mechanisms can be used to make land use more efﬁcient and sustainable,
promote REDD and ARR and secure wider social and environmental beneﬁts.
s International public funds should be coordinated effectively, avoiding a proliferation of competing mechanisms. The UK and EU should help mobilise international
action. The UK Government should work with forest nations, European leaders, major
donors, the UN, World Bank and others to build a coordinated system of multilateral
funding. This should build on, and draw together, current multilateral initiatives such
as FCPF, UN-REDD and FIP.

4.

Chapter summaries

1.

Introduction

Climate change is a major global threat. As carbon emissions rise, so does the likelihood
of signiﬁcant damages to water resources, ecosystems and coasts, as well as the impacts
on food supplies and health. To avoid the worst effects of climate change, we should aim
to stabilise levels of atmospheric greenhouse gases at 445-490 parts per million CO2e
or less. Achieving this global stabilisation target will require strong and urgent international action on a number of fronts – and forests will need to play a central role.
Forestry, as deﬁned by the IPCC, produces around 17 per cent of global emissions,
making it the third largest source of greenhouse gas emissions – larger than the entire
global transport sector. Annual forest emissions are comparable to the total annual CO2
emissions of the US or China. If we do not tackle deforestation, it is highly unlikely
that we could achieve a CO2e stabilisation target that avoids the worst effects of climate
change.
Forests also deliver additional ecosystem services such as regulating regional rainfall,
ﬂood defense, maintaining soil stability and supporting high levels of biodiversity. Many
of these services are crucial for maintaining life and livelihoods, with 1.6 billion people
depending on them for their welfare and livelihoods to some extent.

2.

Forests, climate change and the global economy

Forests play an important role in regulating the earth’s climate. Deforestation and forest
degradation release stored carbon into the atmosphere as CO2 emissions. The global forest
sector produces an estimated 5.8 GtCO2 annually. Deforestation is occurring rapidly in
the tropics, where an estimated 13 million hectares – an area the size of England – are
converted to other land uses each year. Deforestation in tropical regions generally emits
signiﬁcantly more CO2 than forests elsewhere in the world.
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Modelling for the Eliasch Review estimates that the global economic cost of the climate
change impacts of deforestation will rise to around $1 trillion a year by 2100 if unabated.
The total damage cost of forest loss for the global economy could be $12 trillion in net
present value terms. These costs are additional to climate change damage caused by emissions from other sectors.

3.

The drivers of deforestation

As long as the costs of lost forest carbon and other ecosystem services are not reﬂected
in the price of the products supplied from converted forest land then, in ﬁnancial terms,
forests will often be worth more to landholders cut than standing. Social and institutional conditions operating in many rainforest nations, such as tax breaks and subsidies
that encourage deforestation, can exacerbate the economic pressures placed upon forests
by demand for timber and agricultural commodities.
The decisions of the developed world, such as whether they purchase non-certiﬁed
timber and foodstuffs, are just as important a factor for driving deforestation. Biofuels
targets could cause additional pressure for forest clearance, unless effective sustainability
criteria are applied.

4.

Sustainable production and poverty reduction

A global step change is needed in the way land is used and commodities are produced if
forest emissions are to be reduced. Our vision is a sustainable system of global production
which can meet increasing demand for commodities and lead to reduced carbon emissions, better livelihoods for the poor and preservation of non-carbon ecosystem services
such as biodiversity and water services.
This will require signiﬁcant policy changes in three main areas. First, at the international level, we need to place a value on forest carbon in a new international deal
on climate change. Second, at the national level, governance reforms are required to
shift policy incentives towards sustainable production. And third, demand-side policies
in consumer countries – for example, through preferential procurement of sustainally
produced products and increased consumer awareness – can provide incentives for forest
nations to promote sustainable production. The full participation of forest communities
and indigenous peoples will make reforms more likely to succeed and beneﬁt the poor.

5.

The costs of mitigation

This Review estimates that the ﬁnance required to halve emissions from the forest sector
to 2030 could be around $17-33 billion per year if included in global carbon trading.
These results are based on various estimates from the literature and from work commissioned by the Review.
Further risk modelling commissioned for the Review provides new evidence of the
beneﬁts of taking ﬁrm action to reduce forest emissions. Reducing deforestation rates
signiﬁcantly will require substantial ﬁnance. Nonetheless, even taking this into account,
the net beneﬁts of halving deforestation could amount to $3.7 trillion over the long term
(net present value). This is based on the global economic savings from reduced climate
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change minus the costs involved. The beneﬁts would be even greater if the preservation
of other ecosystem services were taken into account.

6.

A long-term framework for tackling climate change

There are various mechanisms that could be used to achieve reductions in emissions
from the forest sector in the long term, as part of an overall global framework. Of these,
a system of cap and trade performs best against the criteria of effectiveness, efﬁciency
and equity. Including reduced emissions from deforestation and degradation (REDD) in
a global cap and trade system could reduce deforestation rates by up to 75 per cent in
2030. With the addition of sequestration from afforestation, reforestation and restoration
(ARR), this would make the forest sector carbon neutral.
This would have additional beneﬁts for the overall goal of stabilising global emissions. Due to the relatively low cost of forest abatement compared to mitigation in other
emitting sectors, the cost of halving global carbon emissions from 1990 levels could be
reduced by up to 50 per cent in 2030 and up to 40 per cent in 2050 if the forest sector
is included in a global trading system. These lower costs could allow the international
community to meet a more ambitious global stabilisation target. Forest carbon ﬁnance
could also make a signiﬁcant impact on reducing poverty through increased ﬁnancial
ﬂows to developing countries.

7.

The current international climate change framework

The current international climate change framework is a long way from delivering the
emissions reductions required for a global stabilisation target necessary to give the world
a realistic chance of limiting global warming to 2°C. Further action will be needed from
developed and developing countries to meet this goal. Institutional reforms will be
needed to include forestry fully into a climate change framework post-2012.

8.

Transition to a long term framework

The post-2012 transition path towards a long term goal of global cap and trade will
need to meet the needs of sovereign nations at different levels of development, particularly the poorest. The most effective transition path to global cap and trade is likely to
be a national, incentive-based approach with increasing ﬁnance from emissions trading
schemes, but also drawing on additional funding sources while carbon markets grow
over time.
In the short term, the main objectives should be capacity building and ﬁlling the
funding gap. Over the medium term, four building blocks are key: effective national-level
targets; robust measuring and monitoring of forest emissions; a well designed system for
linking forest credits to carbon markets and other sources of ﬁnance; and strong governance. In the long term, the goal should be full inclusion in a global carbon market.

9.

Effective targets for reducing forest emissions

The ﬁrst building block in the transition is an effective system of targets that provide
a baseline for issuing credits. A baseline-credit system for non-Annex I countries could
initially generate credits for emissions reductions on a no-lose or limited liability basis.
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Effective targets for reducing forest emissions need to minimise leakage (a reduction in
emissions in one area leading to an increase in emissions in another); ensure real reductions compared to business as usual (additionality); and incentivise action to retain or
enhance standing forests.
Baselines should be set at the national level to prevent intra-national leakage. They
should take account of a country’s historical emissions rate and could also incentivise
additional action to protect and enhance forest carbon stocks. This will help ensure
that emissions reductions in the global forest sector are additional while acting against
international leakage by being inclusive. Baselines should also change over time to help
ensure additionality, by means of a renegotiation of baselines linked to an indicative
trajectory.

10.

Measuring, monitoring and verifying emissions from forests

The second building block is robust measuring and monitoring of forest emissions reductions. National-level emission inventories need to be comprehensive and internationally
consistent to enable veriﬁcation of emissions reductions. Using appropriate techniques,
forest emissions can be estimated with similar conﬁdence to emissions estimates in other
sectors. However, this will require substantial capacity building. The Review estimates
that $50 million will be needed for a sample of 25 forest nations to set up robust national
forest inventories, with a further $7-17 million needed for annual running costs in the
following years.

11.

Linking to carbon markets

The third building block for tackling forest emissions in the medium term is a well
designed mechanism for linking forest abatement to carbon markets and accessing additional funding from the private and public sectors as carbon ﬁnance grows. By ﬁnding
the right balance in carbon markets between more stringent emissions targets and higher
supplementarity limits (the proportion of abatement effort that can be met from nonAnnex I country credits), the international community could achieve several key objectives. First, fund signiﬁcant forest abatement; second, reduce the cost of meeting more
stringent global emissions targets; third, provide a strong incentive to invest in new
clean energy technologies; and ﬁnally support a high level of technology transfer to the
developing world.
The EU currently has the largest emissions trading scheme. This Review modelled
various scenarios with different reduction targets and supplementarity limits to examine
the price impacts of including forest credits. The results suggest that if supplementarity
limits are set at 50% or lower in Phase III of the EU ETS, then admitting forest credits into
the international credit market should have little or no impact on the EU carbon market
price. This is because when restrictions on the use of non-Annex I credits are at this level,
more costly EU abatement would still be necessary and would continue to set the price
for all units of abatement in the carbon market. More important than the inclusion of
forest credits will be the level of supplementarity limit set for international credits in
general into the EU market.

xix

This Review also modelled the level of ﬁnance that carbon markets could provide for
forest abatement in the medium term. One scenario modelled suggests that the global
carbon market could supply around $7 billion per year in 2020. This would leave a
funding gap of around $11-19 billion in 2020 for halving forest emissions (the range
depending on the level of rent received by forest nations), which would need to come
from other private and public sources.
During the transition to a comprehensive global cap and trade system, a linking
mechanism could perform three important functions: aggregate funding from different
sources; manage the risk of reversal of emissions reductions using credits placed in a
reserve; and reduce the risk of investing in emissions abatement for forest nations. These
functions could be performed by a single institution.

12.

Governance and distribution of ﬁnance

The fourth building block is strong governance and effective mechanisms for the distribution of ﬁnance to reduce forest loss. Sovereign nations need to take the lead in implementing a successful system to tackle deforestation. Key areas of reform include clarifying and securing land tenure rights and strengthening the institutional capacity of
national, regional and local institutions. The full participation of forest communities will
make reforms more likely to succeed and beneﬁt the poor.
Many policy and programme options exist for reducing emissions from deforestation that do not require cash transfers to individuals. However some options will do so,
including transfers to subsistence farmers and foresters. Such transfers will involve costs
and capacity requirements which may be challenging for many forest nations in the
short term. Capacity building and demonstration activities to test these approaches will
be needed.
To help promote transparency, countries may choose to manage carbon revenues
through a special fund and should report on the policies and measures they have put in
place to reduce deforestation. Premium credits generated from programmes with voluntary higher standards that achieve wider social and environmental goals could be made
available for preferential treatment in the market.

13.

The funding gap and capacity building

The international community needs to act urgently to tackle climate change and address
the global loss of forests. In the short-term, many developing countries will require
support for capacity building to prepare for participation in forest market schemes. Estimates for this Review suggest that capacity building in 40 forest nations could cost up to
$4 billion over ﬁve years. Some countries may be able to self-ﬁnance, while others may
seek ODA support.
At the same time, a combination of international public and private ﬁnance will be
needed to meet the medium-term funding gap as carbon markets grow. ‘Pump priming’
of credit mechanisms will be needed in the short term, using a mix of public and private
funds. International public funds for this purpose should be coordinated effectively,
avoiding a proliferation of competing mechanisms.
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14.

Conclusions

Deforestation is progressing rapidly, particularly in the tropics. Firm and urgent action is
needed. If not, it is highly unlikely that we can achieve a CO2e stabilisation target that
avoids the worst effects of climate change.
Action on deforestation needs to be taken as part of the international negotiations
under the Bali Action Plan towards a global climate change deal in Copenhagen, as well
as in the wider context of goals on poverty reduction and the preservation of ecosystem
services. A step change is needed in the way land is used and commodities are produced.
A shift to more sustainable production will be complex and challenging, but not impossible if the international community acts together effectively.

1. Introduction
Key messages
Climate change is a major global threat. Over the last century, global temperatures
have risen by 0.7°C. Sea levels are rising at three millimetres a year and Arctic sea ice
is melting at almost three per cent a decade. Continued warming of the atmosphere
at the same rate will result in substantial damage to water resources, ecosystems and
coastlines, as well as having an impact on food supplies and health.
The economic costs of climate change impacts have been estimated at between 5 and
20 per cent of global GDP and could be considerably higher.
Current evidence suggests that to avoid the worst effects of climate change we should
aim to stabilise levels of atmospheric CO2e at 445-490 parts per million (ppm). Achieving
this global stabilisation target will require strong and urgent international action.
The forest sector plays a key role in tackling climate change. Forestry, as deﬁned by
the IPCC, accounts for around 17 per cent of global GHG emissions – the third largest
source of anthropogenic GHG emissions after energy supply and industrial activity.
Forest emissions are comparable to the annual CO2 emissions of the US or China.
Analysis for this Review estimates that, in the absence of any mitigation efforts, emissions from the forest sector alone will increase atmospheric carbon stock by around
30ppm by 2100. Current atmospheric CO2e levels stand at 433ppm. Consequently, in
order to stabilise atmospheric CO2e levels at a 445-490ppm target, forests will need to
form a central part of any global climate change deal.
In addition to their role in tackling climate change, forests provide many other services.
They are home to 350 million people, and over 90 per cent of those living on less than $1
per day depend to some extent on forests for their livelihoods. They provide fuelwood,
medicinal plants, forest foods, shelter and many other services for communities.
Forests also provide additional ecosystem services, such as regulating regional rainfall and ﬂood defence and supporting high levels of biodiversity. Maintaining resilient
forest ecosystems could contribute not only to reduced emissions, but also to adaptation to future climate change.
The Bali Action Plan provides a roadmap for the negotiation of a new regulatory
framework for international action on climate change, following the expiry of the ﬁrst
commitment period of the Kyoto Protocol in 2012. The action plan sets out key areas
to be negotiated with a view to reaching a new global climate change deal in Copenhagen at the end of 2009. It recognises the importance of reducing deforestation emissions and a system of international ﬁnance to meet this goal.
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The aim of this Review is to examine international ﬁnancing to reduce forest loss and
its associated impacts on climate change. The Review focuses particularly on the scale
of ﬁnance required and on the mechanisms that can, if designed well, lead to effective
reductions in forest carbon emissions to help meet a global stabilisation target. It also
examines how mechanisms to address forest loss can contribute to poverty reduction,
as well as the importance of preserving other ecosystem services such as biodiversity
and water services.

1.1

The impacts of climate change

Climate change is a major global threat. Over the last century, global temperatures
have risen by 0.7°C. Sea levels are rising at three millimetres a year and Arctic sea ice
is melting at almost three per cent a decade. Continued warming of the atmosphere
at the same rate will result in substantial damage to water resources, ecosystems and
coastlines, as well as having an impact on food supplies and health.
The economic costs of climate change impacts have been estimated at between 5 and
20 per cent of global GDP, and could be considerably higher.
Warming of the earth’s climate system has led to increases in global average air and sea
temperatures, rising global average sea levels and widespread melting of snow and ice. As
Figure 1.1 illustrates, global average sea level has risen by 3.1 millimetres a year since 1993,
with a total 20th century rise estimated at 0.17 metre. Satellite data since 1978 shows that
the annual average arctic sea ice extent has shrunk by 2.7 per cent per decade.1
A large number of other climatic changes have also been observed, including:
s an increase in the global area affected by drought;
s more frequent heat waves over most land areas;
s increased heavy precipitation events over most land areas;
s an increased incidence of extreme high sea level worldwide.
All the emissions scenarios reported by the Intergovernmental Panel on Climate Change
(IPCC) project continued global warming of about 0.2°C per decade for the next two
decades. These climatic changes will bring a wide range of impacts, some of which will
be irreversible (Figure 1.2).
As global temperatures rise, these impacts will become more severe. Millions of people,
particularly the poor, will be exposed to an increased incidence of droughts and ﬂoods,
food and freshwater shortages, disease and the loss of their livelihoods and homes. Developing countries are particularly exposed to the effects of climate change because their
economies are so heavily dependent on climate-vulnerable sectors such as agriculture. In
addition to the direct costs to humankind, the IPCC suggests that approximately 20-30
per cent of species assessed so far are likely to be at increased risk of extinction if increases
in global average temperature exceed 1.5-2.5°C.2
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Figure 1.1: Changes in temperature, sea level and northern hemisphere snow cover
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Figure 1.2: Examples of impacts associated with global average temperature change
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The Stern Review considered the physical impacts of climate change on the global
economy, on human life and on the environment.3 It also estimated the damages of
climate change, including integrated assessment models that estimate the economic
impacts of climate change.
Stern concluded that business as usual (BAU) climate change will reduce welfare by
an amount equivalent to a reduction in consumption per person of between 5 and 20
per cent now and into the future. Subsequent analysis, taking account of the increasing
scientiﬁc evidence of greater risks, of aversion to the possibilities of catastrophe and of a
broader approach to the consequences, suggests the appropriate estimate is likely to be in
the upper part of this range.4
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Climate change mitigation

Current evidence suggests that to avoid the worst effects of climate change we should
aim to stabilise levels of atmospheric CO2e at 445-490 parts per million (ppm). Achieving
this global stabilisation target will require strong and urgent international action.
Early action could signiﬁcantly reduce the risk of severe climate change impacts. In order
to stabilise the concentration of greenhouse gas (GHG) emissions in the atmosphere,
emissions would need to peak and then decline. The lower the stabilisation level, the
sooner this peak would have to occur. Table 1.1 summarises the required emission levels
and timescales for different stabilisation trajectories.

Peaking year for CO2 emissions

Change in global CO2 emissions in 2050 (percent of 2000
emissions)

Global average temperature
increase above pre-industrial
at equilibrium, using ‘best estimate’ climate sensitivity

Global average sea level rise
above pre-industrial at equilibrium from thermal expansion
only

ppm

year

per cent

o

metres

I

350–400

445–490

2000–2015

-85 to -50

2.0 – 2.4

0.4 – 1.4

6

II

400–440

490–535

2000–2020

-60 to -30

2.4 – 2.8

0.5 – 1.7

18

III

440–485

535–590

2010–2030

-30 to +5

2.8 – 3.2

0.6 – 1.9

21

IV

485–570

590–710

2020–2060

+10 to +60

3.2 – 4.0

0.6 – 2.4

118

V

570–660

710–855

2050–2080

+25 to +85

4.0 – 4.9

0.8 – 2.9

9

VI

660–790

855–1130

2060–2090

+90 to +140

4.9 – 6.1

1.0 – 3.7

5

C

Number of assessed scenarios

CO2-equivalent concentration at stabilisation including
GHGs and aerosols (2005 =
375 ppm)

ppm

Category

CO2 concentration at stabilisation (2005 = 379 ppm)

Table 1.1: Stabilisation scenario characteristics

Source: IPCC (2007) AR4 Synthesis Report

It is widely suggested that the increase in global temperature that is currently occurring
should be stabilised at a maximum of 2°C over pre-industrial levels to minimise the risk of
dangerous climate change.5 The IPCC has indicated in its Fourth Assessment Report that
achieving a 2°C target would mean stabilising GHG concentrations in the atmosphere at
around 445-490 ppm CO2 – equivalent (e) 6 or lower.7 Higher levels would substantially
increase the risks of harmful and irreversible climate change (see Figure 1.2).
5
6

7

eg, EU target for emissions reduction
According to IPCC Fourth Assessment Report WG3 (2007) CO2 – equivalent is ‘the concentration of carbon dioxide that would cause the same amount of radiative forcing as a given
mixture of carbon dioxide and other greenhouse gases’
IPCC (2007) AR4 Synthesis Report
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Mitigation efforts over the next two to three decades will to a large extent determine the
long-term global mean temperature increase and corresponding climate change impacts
that can be avoided. There is widespread agreement that even the most ambitious stabilisation levels could be achieved with the right policies in place and by using a portfolio
of technologies that are either currently available or will be available in the coming
decades. However, this will require concerted international action across all sectors to:
s reduce demand for emissions-intensive goods and services;
s increase energy efﬁciency;
s switch to lower-carbon technologies for power, heat and transport;
s take action on non-energy emissions, for example by reducing deforestation.
Different sectors will require different mitigation measures. Energy supply and use and
industrial processes will be required to account for 60-80 per cent of GHG reductions,
with energy efﬁciency playing a key role. Reducing current high levels of deforestation
and planting new forests will also be needed because forests are a signiﬁcant contributor
to global CO2 emissions.
The Stern Review estimated that stabilisation at 500-550ppm CO2e would cost, on
average, around 1 per cent of annual global GDP by 2050.8 This is a signiﬁcant sum, but is
fully consistent with continued growth and development. Even if emissions are stabilised
at a lower range of 445-490ppm, the ﬁnancial beneﬁts of mitigation are likely to be considerable, relative to the costs of unabated climate change.9 Delay, on the other hand, brings
with it a high price. It would require the acceptance of both more intense climate change
and, eventually, higher mitigation costs. Weak action over the next 10-15 years
would even put stabilisation at 550ppm CO2e beyond reach – a level associated with
signiﬁcant risks.

1.3

Forests and climate change

The forest sector plays a key role in tackling climate change. Forestry, as deﬁned
by the IPCC, accounts for around 17 per cent of global GHG emissions – the
third largest source of anthropogenic GHG emissions after energy supply and industrial activity. Forest emissions are comparable to the annual CO2 emissions of the US
or China.
Analysis for this Review estimates that in the absence of any mitigation efforts, emissions from the forest sector alone will increase atmospheric carbon stock by around
30ppm by 2100. Current atmospheric CO2e levels stand at 433ppm. Consequently, in
order to stabilise atmospheric levels at a 445-490ppm target, forests will need to form
a central part of any global climate change deal.
The forest sector plays a key role in tackling climate change. Deforestation and forest
degradation release stored carbon into the atmosphere as CO2 emissions. Given the high
rates of global forest loss currently, reducing emissions from deforestation and degradation (REDD) would make a major contribution to meeting an emissions stabilisation
8
9

Stern (2007)
Hope and Castilla–Rubio (2008)
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target. At the same time, afforestation, reforestation and restoration (ARR) increase forest
carbon stocks by sequestering and storing carbon from the atmosphere as new forests
grow. In addition, natural standing forests maintain carbon stocks and transfers and,
under the current climate, act as a carbon sink.
Reducing deforestation and forest degradation is a particular challenge. Forestry, as
deﬁned by the IPCC,10 accounts for around 17 per cent of global GHG emissions (see
Figure 1.3). This makes the forest sector the third largest source of anthropogenic GHG
emissions after energy supply and industrial activity, and a larger source than the global
transport sector. Loss of tropical forest results annually in emissions which are comparable to the total annual CO2 emissions from the US or China.11
Analysis for this Review estimates that emissions from the forest sector alone will
increase atmospheric carbon stock by around 30ppm by 2100, whatever efforts are made
to mitigate emissions from other sectors.12 Current atmospheric CO2e levels stand at
433ppm. Consequently, in order to stabilise atmospheric levels at a 445-490ppm target,
forests will need to form a central part of any global climate change deal.
While the forest sector is a major source of CO2 emissions, reducing forest emissions can be achieved at relatively low cost compared with abatement in other sectors.13
Furthermore, as the large majority of deforestation occurs in developing countries,14 any
international system that channels ﬁnance to reduce deforestation has the potential to
help reduce poverty as well as preserve other ecosystem services such as biodiversity and
regional rainfall patterns (see following section). This Review examines the design of an
international framework for reducing deforestation, focusing particularly on the scale of
ﬁnance required and the ﬁnancial mechanisms that can, if designed well, lead to reduced
carbon emissions, while providing better livelihoods for the poor and the preservation of
non-carbon ecosystem services such as biodiversity and water services.

10 IPCC (2007) AR4 Synthesis Report
11 IPCC (2007) WG 1 Chapter 7 reports “the most likely estimate for these [land use change]
emissions for the 1990s is 5,800 Mt CO2/year.” The 5.8 Gt CO2/ year (range: 1.8-9.9 Gt CO2/
year) ﬁgure is based on an amalgamation of estimates by Houghton (2003) and Defries et al
(2002). Total US CO2 emissions for 2005 (including LULUCF), as reported to the UNFCCC
were 5.3 Gt CO2. 2005 CO2 emissions from China (not including LULUCF) were estimated by
the IEA (2007) to be 5.1 Gt CO2.
12 Hope (2008).
13 Stern (2007)
14 FAO (2005)
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Figure 1.3: Sources of global anthropogenic GHG emissions

a)

b)

60

GtCO2e/yr

44.7
CO2 fossil
fuel use
56.6%

39.4

40
30

F-gases
1.1%

CH4
14.3%

49.0

50

2O
.9%

35.6

CO2 (deforestation,
decay of biomass etc.)
1 .3%

28.7

Waste and wastewater
2.8%

CO2 (other)
2.8%
Forestry
1 .4%

20

Energy supply
25.9%

c)
10

Agriculture
13.5%
Transport
13.1%

0
1970

1980

1990

2000

CO2 from fossil fuel use and other sources
CH4 from agriculture, waste and energy

2004

Industry
19.4%

Residential and
commercial buildings
.9%

CO2 from deforestation, decay and peat
2O

from agriculture and others

F-gases

(a) Global annual emissions of anthropogenic GHGs from 19 0 to 2004.
(b) Share of different anthropogenic GHGs in total emissions in 2004 in terms of CO2e.
(c) Share of different sectors in total anthropogenic GHG emissions in 2004 in terms of CO2e.

Source: IPCC (2007) AR4 Synthesis Report

1.4

Forest communities and ecosystem services

In addition to their role in tackling climate change, forests provide many other services.
They are home to 350 million people, and over 90 per cent of those living on less than $1
per day depend on forests to some extent for their livelihood. They provide fuelwood,
medicinal plants, forest foods, shelter and many other services for communities.
Forests also provide additional ecosystem services, such as regulating regional rainfall and ﬂood defence and supporting high levels of biodiversity. Maintaining resilient
forest ecosystems could contribute not only to reduced emissions, but also to adaptation to future climate change.
Forest ecosystems provide many and varied beneﬁts from their natural resources and
processes. The Millennium Ecosystem Assessment15 categorises forest ecosystem services
into ﬁve major classes: resources, social services, ecological services, amenities and
biospheric services (see Figure 1.4).

15 Millennium Ecosystem Assessment (2005)
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Figure 1.4: Major classes of forest services
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Forests are home to 350 million people around the world and about 60 million indigenous
people are almost wholly dependent on forests. More than 1.6 billion people depend to
varying degrees on forests for their livelihoods, such as for fuelwood, medicinal plants
and forest foods.16 Wood energy accounts for around 9 per cent of energy consumed
worldwide, and up to 80 percent in some developing countries. Bushmeat can account
for up to 85 per cent of the protein intake of people living in or near forests.17 In addition
to the use of forests for subsistence food and fuel, community enterprises that generate
income from trading sustainably harvested forest resources are on the increase in many
countries.
Those who depend on forests are some of the poorest people in the world. Over 90
per cent of those living on less than $1 per day depend on them for their livelihoods.18
The links between forests and poverty are complex. However, forest communities in
remote areas are more likely to be poor, with limited access to services, information and
markets. Forest communities are also often politically and economically marginalised,
and many lack ownership and use rights over their traditional lands.19 There is a global
trend towards increased recognition of the rights of forest communities and indigenous
groups over their land, although progress on human, civil, political and gender rights for
forest and indigenous communities is slow.20
Global employment in the formal forestry sector is estimated to be around 13 million
people,21 and it has been estimated that for every one job in the formal sector there are
another one or two jobs in the informal sector – up to 1 per cent of the global labour
16
17
18
19
20
21

World Bank (2004)
UNDP, UNDESA and World Energy Council (2003)
www.fao.org
Scherr et al (2003)
Chomitz et al (2006)
Sunderlin et al (2008)
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force.22 Around 3.5 billion cubic metres of wood are harvested each year from the world’s
forests and global trade in primary wood products was worth $204 billion in 2006.23
Forests are also an important supply of other products including latex, handicrafts and
medicines.
Leisure time in forests has increased with economic development and urban living.
This has led to a growth in social forest services such as recreation, sport and ecotourism.24 People value forests according to cultural, spiritual and historical factors. These
amenities can range from intrinsic and aesthetic value to more geographically speciﬁc
values relating to the traditional homelands of indigenous people.
Forests provide a range of ecological services including ﬂood protection, pollination,
soil formation and erosion control. Forests stabilise their landscapes and offer protection
from extreme events such as storms, ﬂoods and droughts, which are forecast to become
increasingly frequent and intense under future climate change.25 Resilient forest ecosystems could therefore have an important role in helping people adapt to climate change
in the future. They also regulate and supply water and rainfall, which can be particularly
important for agriculture. For example, the Amazon forest supplies water to the Rio Plata
basin, which generates 70 per cent of the GDP of southern South America through agricultural produce.26
Biospheric services include biodiversity as well as climate regulation. Forests contain
the majority of terrestrial biodiversity, with tropical forests supporting an estimated 50-90
per cent of the world’s species.27 The value of biodiversity ranges from genetic resources
to biological control. Maintaining high levels of biodiversity also aids ecosystem functioning and therefore all other ecosystem services.

1.5

The scope of this Review

The Bali Action Plan provides a roadmap for the negotiation of a new regulatory framework
for international action on climate change following the expiry of the ﬁrst commitment
period of the Kyoto Protocol in 2012. The action plan sets out key areas to be negotiated
with a view to reaching a new global climate change deal in Copenhagen at the end of
2009. It recognises the importance of reducing deforestation emissions and a system of
international ﬁnance to meet this goal.
The aim of this Review is to examine international ﬁnancing to reduce forest loss and
its associated impacts on climate change. The Review focuses particularly on the scale
of ﬁnance required and on the mechanisms that can, if designed well, lead to effective
reductions in forest carbon emissions to help meet a global stabilisation target. It also
examines how mechanisms to address forest loss can contribute to poverty reduction,
as well as the importance of preserving other ecosystem services such as biodiversity
and water services.
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The meeting of the UN Conference of the Parties held in Bali in December 2007
resulted in the adoption of an action plan for formal negotiation of a new global deal on
international climate change.28 The action plan sets out the areas for negotiation and a
timetable with a view to reaching a new international agreement on emissions reductions at Copenhagen in December 2009.
The Bali Action Plan represented a major step forward in climate change negotiations,
not least by setting out the importance of deforestation as an area of negotiation. The
action plan recognises, among other things, the importance of reducing deforestation
emissions and technology transfer as mitigation measures as well as support for adaptation (see Figure 1.5). Underpinning these measures will be negotiation of the scale and
distribution of international ﬁnance. These elements of the action plan are important for
providing the incentives for all countries, developed and developing, to participate in a
comprehensive emissions reduction system. Without participation of all major emitters,
the international community is unlikely to meet the necessary global target for emissions
stabilisation. Deforestation is particularly important as many of the poorest countries in
the world are affected.
Figure 1.5: Key elements of the Bali Action Plan

Effective global
deal at Copenhagen

Developing world participation and support

Deforestation
(Mitigation)

Technology
(Mitigation)

Adaptation

International ﬁnance

As part of the international debate ahead of Copenhagen, this Review aims to examine
international ﬁnancing to reduce forest loss and its associated impacts on climate change.
The Review focuses particularly on the scale of ﬁnance required and on the mechanisms
that can, if designed well, lead to effective reductions in forest carbon emissions to help
meet a global stabilisation target. It also examines how mechanisms to address forest
loss can contribute to poverty reduction, as well as the importance of preserving other
ecosystem services such as biodiversity and water services.
28 Bali Action Plan Decision 1/CP.13 (2007)
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1.5.1

The structure of the Review

The ﬁrst part of this Review begins with an overview of the role of forests in the carbon
cycle, the impacts of human activities and the contribution of the forest sector to climate
change. It examines business as usual scenarios for carbon emissions from forests and the
projected economic costs of deforestation and the resulting climate change. It goes on to
explore the economic and policy drivers of deforestation before setting out a vision for
sustainable production which reﬂects the true global value of forests and contributes to
poverty reduction. Part I of the Review concludes with an analysis of the costs of moving
from current, unsustainable deforestation practices to a more sustainable global system
of forest management.
Part II of the Review sets out a long-term international framework for tackling climate
change. A variety of systems exist for achieving reductions in deforestation as part of an
overall global framework. Many of these systems are potentially valuable tools in tackling climate change and could work in parallel. The two principle options for valuing
forest carbon in the long term are taxation and cap and trade. This Review concludes that
a global cap and trade system performs best against the criteria of effectiveness, efﬁciency
and equity. The ﬁnancial ﬂows to forest nations could also have a signiﬁcant impact on
poverty reduction in developing countries. Part II of the Review also looks at the current
international framework and explores the advantages and limitations of existing incentives to reduce emissions from forests.
The transition to a long-term goal of global cap and trade will need to be well designed
and meet the development needs of countries at different levels of development, particularly the poorest. If the transition path is poorly designed, the long-term goal may not be
reached or may be delayed. Four key building blocks should be in place. These include
establishing national targets, baselines or reference levels for emissions reductions;
measuring and monitoring forest emissions robustly (through national inventories);
ensuring that access of forest credits to carbon markets is well designed; and developing
a sound system of governance. Part III of the Review discusses these building blocks.
The Review concludes in Part IV by discussing the institutions and systems required
to coordinate the transition to a long-term framework and sets out the level of ﬁnance
required to help build capacity in developing nations and to meet the funding gap which
will exist in the short to medium term.

Part I:
The challenge of
deforestation
Forests play a major role in climate change. Deforestation, forest degradation and
activities that increase forest cover all affect climate regulation. This in turn is predicted
to have signiﬁcant impacts on the global economy. Part I of this Review examines the
impacts of global deforestation on climate change and the global economy and the
challenge of tackling the factors that drive global deforestation.
First, Chapter 2 sets out the importance of forests in regulating the earth’s climate. It
also explores current rates of change and carbon emissions from forests, and estimates
the likely future economic and social costs of continued deforestation.
Chapter 3 then examines the economic, policy and institutional drivers of deforestation, including demand for commodities from deforested land.
Chapter 4 sets out a vision of sustainable production that reﬂects the true value of
forests. It also describes the challenges associated with reducing forest carbon emissions, delivering better livelihoods for forest communities and preserving biodiversity
and other ecosystem services.
Finally, Chapter 5 examines the mitigation costs associated with achieving this goal,
including the opportunity costs of reduced deforestation for agriculture and timber
production. The chapter goes on to estimate the net ﬁnancial beneﬁts of mitigation
compared with the global damages of deforestation.

2. Forests, climate change
and the global economy
Key messages
Forests play an important role in regulating the earth’s climate through the carbon
cycle, storing carbon above and below ground and removing it from the atmosphere
as they grow. They currently cover about 30 per cent of the earth’s land surface, yet
they represent the most signiﬁcant terrestrial carbon store, containing some 77 per
cent of all carbon stored in vegetation and 39 per cent of all carbon stored in soils.
Forests sequester and store more carbon per hectare than other types of land cover.
Human activities have signiﬁcant impacts on the forest carbon cycle. Deforestation and
forest degradation release stored carbon into the atmosphere as CO2 emissions. Afforestation, reforestation and restoration increase forest carbon stocks by sequestering
and storing carbon from the atmosphere as new forests grow. Natural standing forests
maintain carbon stocks and transfers and, under the current climate, act as a carbon
sink.
Since 1980, global forest cover is estimated to have declined by 225 million hectares
due to human action. Deforestation is progressing rapidly in the tropics, where an estimated 13 million hectares, an area the size of England, is converted to other land uses
each year. By contrast, afforestation and reforestation (A/R) is estimated at 5.5 million
hectares every year, mainly in the temperate regions.
The global forest sector produces an estimated 5.8 GtCO2 annually from deforestation, around 96 per cent of which is estimated to come from developing countries in
the tropics. Deforestation emits signiﬁcantly more CO2 than can be sequestered by an
equivalent area of land forested in temperate regions.
Projecting future CO2 emissions from forests involves a high degree of uncertainty, due
to uncertainty over current and future deforestation rates and carbon stocks. A key
recommendation of this Review is that greater efforts should be made by the international community to obtain more consistent and accurate data on current emissions
from the forest sector.
Modelling commissioned by this Review estimates that the mean damage cost of the
climate change impacts of forest emissions will have risen to around $1 trillion a year by
2100. These costs are additional to those caused by emissions from other sectors.
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2.1

Forests and the carbon cycle

Forests play an important role in regulating the earth’s climate through the carbon
cycle, storing carbon above and below ground and removing it from the atmosphere as
they grow. They currently cover about 30 per cent of the earth’s land surface, yet they
represent the most signiﬁcant terrestrial carbon store, containing some 77 per cent
of all carbon stored in vegetation and 39 per cent of all carbon stored in soils. Forests
sequester and store more carbon per hectare than other types of land cover.
Carbon is continuously cycled between oceanic, terrestrial and atmospheric reservoirs.
The carbon cycle involves stocks, where the carbon remains for a period of time, and
ﬂuxes, which transport carbon between stocks (see Figure 2.1). Processes in the cycle
operate over many timescales: sedimentation, for example, can act over millions of
years, while respiration takes a matter of seconds. Living organisms, soils and detritus
(dead organic matter) play an important part in the cycle by removing carbon from and
returning it to the atmosphere in the form of CO2, as well as acting as a carbon store.
Figure 2.1: The natural carbon cycle
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As forests grow and increase their biomass, they absorb carbon from the atmosphere and
store it in plant tissue. This process is known as carbon sequestration. Despite frequent
exchanges of carbon between forest biomass, soils and the atmosphere, a large amount
is always present in leaves and woody tissue, roots and organic matter in soil. This quantity of carbon is known as the carbon store. Established forests are currently acting as a
carbon sink because they are absorbing more carbon through photosynthesis than they
release through respiration.

2. Forests, climate change and the global economy

17

Forests currently cover about 30 per cent of the earth’s land surface, yet they represent
the most signiﬁcant terrestrial carbon store, containing an estimated 77 per cent of all
carbon stored in vegetation and 39 per cent of all carbon stored in soils.1 They also store
twice as much carbon than is present in the atmosphere.2 The amount of carbon in a
forest varies geographically but all forests store, on average, more carbon per hectare than
other types of land cover (see Box 2.1, Figure A). Tropical rainforest can contain at least
four times more carbon per hectare than cropland in the tropics.3 When growing, forests
generally have higher carbon sequestration rates than other types of vegetation (see Box
2.1, Figure B).4

Box 2.1: Carbon stocks and net primary productivity in forests
and other types of land cover
Forests have higher carbon stocks per hectare than other types of land cover (see
Figure A). Total average forest carbon stocks vary geographically between tropical,
temperate and boreal regions, as does the relative proportion of carbon held in vegetation and soil.
Figure A: Average carbon stocks for different types of land cover
Note: averages taken using two datasets and error bars represent the maximum values
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Through the process of photosynthesis, plants convert CO2 into biomass using the
energy from sunlight. Net primary productivity is the net ﬂux of carbon from the atmosphere into green plants per unit time. It is, effectively, a measure of carbon sequestration. Forests store more carbon per hectare than other types of land cover, because
ligniﬁed tissues, ie wood, decompose more slowly than soft tissues.5 In addition, tropical regions have higher sequestration rates than other regions largely because of the
longer growing season. Figure B shows average net primary productivity for different
types of land cover.
Figure B: Average net primary productivity (sequestration) for different types of
land cover
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2.2

Impacts of human activities on the forest
carbon cycle

Human activities have signiﬁcant impacts on the forest carbon cycle. Deforestation and
forest degradation release stored carbon into the atmosphere as CO2 emissions. Afforestation, reforestation and restoration increase forest carbon stocks by sequestering
and storing carbon from the atmosphere as new forests grow. Natural standing forests
maintain carbon stocks and transfers and, under the current climate, act as a carbon
sink.

5

Franco (2008)
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2.2.1 Deforestation and degradation
Both deforestation and forest degradation reduce the amount of forest cover and vegetation and release substantial emissions of CO2 to the atmosphere.6 The effects on the
carbon cycle can be summarised as follows (see Figure 2.2):
a) Carbon stored in living and dead plant material is released as CO2 by burning
or decomposition.
b) Carbon is released from the oxidation of the soil.
c) Sequestration of CO2 from the atmosphere is reduced.
d) The transfer of carbon from vegetation to litter, deadwood and soil is reduced.
Carbon stored in forest soils is often equal to, or greater than, that stored in above
ground biomass.
e) Carbon is lost in the longer term through the breakdown of harvested wood, at a rate
dependent on the nature of the end product.
Other greenhouse gas emissions can also be associated with forest disturbance, such
as nitrous oxides and methane released through biomass burning.7 Further emissions
leading on from the deforestation depend on the use to which the land is put after
clearing. If it is converted to farmland then additional indirect emissions might include
methane from cattle farming and nitrous oxide from applying fertiliser to cropland.8
Figure 2.2: Effects of deforestation and degradation on the carbon cycle
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We use the UNFCCC deﬁnition of deforestation as the direct human-induced conversion of forested land to non-forested land. Degradation occurs when a forest is damaged –
for example by cutting down a proportion of the trees, which reduces forest carbon stocks
and sequestration.
van Amstel and Swart (1994)
Houghton in Moutinho and Schwartzman (2005)
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A range of human activities can lead to deforestation and degradation and these can
affect the carbon cycle in different ways and to different extents.
Slash and burn is used to clear forest for farming and involves cutting down trees
and burning the under-storey, leaving land clear for cultivation or pasture. Using this
method, 90-100 per cent of carbon stored in the vegetation is released immediately, as
well as 25 per cent of soil carbon to a depth of one metre. This release of soil carbon is
signiﬁcant, particularly in the highly carbon-rich soils of tropical peat forests.9 This land
use change can last decades or it can be shorter term if land is cultivated for a few years
and then abandoned once soil fertility declines. Abandonment allows the re-growth of
vegetation: primary forest is replaced by either rough pasture or secondary forest, both of
which have lower carbon stocks and are often re-cleared at rates that rival primary forest
deforestation.10
Logging involves the removal of trees for land management or commercial activities.
Clear-cut logging removes large areas of trees, leaving behind stumps and litter material.
This practice can release 40-60 per cent of the total carbon stored, the majority coming
from the vegetation.11 There is, in addition, a slower release of carbon associated with the
decay of dead plant material left on-site. In the long term, carbon is also lost through the
breakdown of the harvested wood, the rate of this depending on the end product.
Selective logging – where individual valuable trees are removed – can result in degradation rather than deforestation. In most tropical forests (with the exception of some Asian
forests) logging is generally selective because most trees do not have a high commercial
value. In principle, selectively logged forests allowed to recover can still have a high
biodiversity value and provide many ecosystem services. But in practice, selective logging
often leads to complete forest clearance.
Deforestation and degradation also have indirect effects on carbon emissions. Following
logging, forests have increased sensitivity to burning:12 reduced canopy cover allows
increased light penetration which dries the organic debris in the under-storey, increasing
its ﬂammability. Removing forest canopy also reduces the amount of precipitation that is
intercepted and evaporated. This can increase run-off, causing soil erosion and damage
to the remaining vegetation.13 Forests also become fragmented by clear-cutting, selective
logging and the associated access roads. Trees on forest edges are more likely to suffer
water stress leading to dieback and enhanced fragmentation.14

2.2.2 Afforestation, reforestation and restoration (ARR)
Afforestation is the planting of new forests on lands that, historically, have not contained
trees. Reforestation describes the establishment of trees on land that has been cleared
of forest within the recent past.15 Restoration is the enhancement of damaged forest to
re-establish a forest to its natural structure and carbon stock.16 This is generally achieved
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through planting, seeding or assisting natural regeneration of the structure, productivity
and species diversity of the forest originally present. ARR activities sequester carbon from
the atmosphere and increase forest carbon stocks.
In recent decades, the area of forest in mid-latitudes has expanded due, in part, to
an increase in afforestation projects. China, for example, has been implementing an
afforestation scheme in order to reduce land degradation and provide timber.17 Despite
this expansion, forest plantations still account for less than 5 per cent of the total forest
area,18 and current estimates suggest that, as yet, ARR activities have not had a signiﬁcant
impact on the global terrestrial carbon sink (see Box 2.2).19

Box 2.2: The carbon sink
Standing forests, particularly in the tropics, act as a natural carbon sink, absorbing
more carbon from the atmosphere through photosynthesis than they release through
respiration.
Carbon sinks play a signiﬁcant role in offsetting some of the total anthropogenic
emissions of CO2. The IPCC shows that the current annual rise in CO2 concentration
in the atmosphere is only about 57 per cent as high as it would have been from fossil
fuel emissions without the sink effect (see Figure A) and only about 40 per cent as
high as it would have been from all emissions including those from land-use change.20
This suggests that without carbon absorption by forests and other carbon sinks (in
particular the oceans), the rise in CO2 caused by anthropogenic emissions would have
been considerably higher.
One simple climate-carbon cycle model simulating historical emissions has suggested
that if the tropical forest carbon sink had not been present, the CO2 increase due to
past emissions would have been 10 per cent higher.21
Old-growth tropical forests are estimated to absorb about 4.4 +/- 1.5 GtCO2 a year
through the sink effect, equivalent to 15 per cent of annual anthropogenic greenhouse
gas emissions.22 Deforestation leads directly to emissions of CO2 to the atmosphere but
it also results in the loss of this forest carbon sink. This could have an additional effect
on the rate of rise of CO2, termed the ‘land use ampliﬁer’,23 since it ampliﬁes the effect
of emissions from other sources.
The removal of a forest carbon sink has long-term implications for the atmospheric
CO2 concentration. While the emissions resulting from the removal of an area of forest
occur over a short period, the absence of the sink persists unless the forest is replaced.
For example, if a hectare of forest was sequestering three tonnes of CO2 per year,24 the
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Figure A: Comparison of annual fossil fuel CO2 emissions with annual rise in atmospheric CO2 concentration
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Note: stepped line shows annual fossil fuel CO2 emissions. Bars show the annual rise in atmospheric CO2 concentration.
Source: IPCC (2007) WG1, Chapter 7

presence of this forest over 40 years would result in the absorption of 120 tonnes of
CO2. If, in addition, that hectare of forest stored carbon equivalent to 600 tonnes of
CO2,25 deforestation of that hectare would not only result in the emission of most of
the 600 tonnes of CO2 in the short term, but would also mean that the forest would
not absorb the 120 tonnes of CO2 over a 40 year period. The long-term impact on
cumulative net emissions over those 40 years is therefore 20 per cent greater than
would have been expected if only the initial emissions were taken into account.

25 Using an average estimate of plant carbon density from House et al (2002)
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Impacts of forests on climate change

Since 1980, global forest cover is estimated to have declined by 225 million hectares
due to human action. Deforestation is progressing rapidly in the tropics, where an estimated 13 million hectares, an area the size of England, is converted to other land uses
each year. By contrast, afforestation and reforestation (A/R) is estimated at 5.5 million
hectares every year, mainly in the temperate regions.

2.3.1

Rates of deforestation, degradation and ARR

Until the mid-20th century, most deforestation occurred in temperate regions. However in
recent decades, abandonment of agricultural land in Western Europe and North America
has led to some natural reforestation. Conversely, deforestation is now progressing rapidly
in the tropics. Since 1980, global forest cover is estimated to have declined by 225 million
hectares due to human action.26 In the tropics, an estimated 13 million hectares, an area
the size of England, are converted to other land uses each year.27
Although the overall area under forest has declined, the rate of forest loss has actually slowed (see Table 2.1 below): current net deforestation rates are 18 per cent lower
than in the 1990s and 26 per cent lower than in the 1980s. The lower rate of global
net forest loss most probably reﬂects increased forest cover in the mid-latitudes rather
than a decrease in deforestation in the tropics. For example, the table below shows a net
increase in forest area in Asia between 2000 and 2005, mainly due to afforestation projects in China. Although afforestation has been extensive in higher latitudes, these forests
tend to sequester signiﬁcantly less CO2 than tropical deforestation emits (see following
sections).
Table 2.1: Estimated annual change in forest area since the 1980s by continent
and globally
Region

Annual change in forest area (10,000 km2)
1980s

1990s

2000-2005

Africa
Asia
Europe
North and Central
America
Oceania
South America

- 28
-9
2
- 12

- 44
-8
9
3

- 40
10
7
-3

- 0.4
- 52

-4
- 38

-4
- 43

Global

- 99

- 89

- 73

Source: FAO (1990); IPCC (2007) WG 3, Chapter 9, after FAO (2006)

26 FAO (1990); FAO (2006). This ﬁgure is net deforestation: it includes deforestation and forestation activities.
27 FAO (2006). This is the average annual area of all countries that have reported net deforestation over 2000 to 2005

24

Part I: The challenge of deforestation

Forest degradation is harder to detect than deforestation, and there are few studies looking
at degradation at a global level. However, it is clear that degradation is widespread, especially in the tropics in areas adjacent to deforestation. When an area is deforested for
logging, agriculture or road-building, it can result in as much as twice the surrounding
area being degraded due to forest fragmentation and the extension of human activities
into relatively undisturbed areas.28
While the overall global area under forest has declined, rates of ARR have increased
in the mid-latitudes. The Food and Agriculture Organisation (FAO) estimates that
5.5 million hectares of land is being forested every year, mainly through the expansion
of plantations.29 In addition, agricultural intensiﬁcation in mid to high latitudes has
reduced the area of land used for agriculture and this abandoned land has been subject
to natural forestation – although of course more intensive agricultural production has
associated carbon costs, which to some extent offset the CO2 sequestered by this natural
forestation.
While forests have a role in regulating climate, changes in local climate can in turn
lead to changes in forest characteristics. The effects of global warming on local climate
and the responses of ecosystems to these changes are uncertain. However, studies point
to long-term climate impacts such as increased Amazonian drying and forest die-back.30

2.3.2 CO2 emissions and sequestration
The global forest sector produces an estimated 5.8 GtCO2 annually from deforestation, around 96 per cent of which is estimated to come from developing countries in
the tropics. Deforestation emits signiﬁcantly more CO2 than can be sequestered by an
equivalent area of land forested in temperate regions.
Annual emissions from deforestation stand at 5.8 GtCO2,31 and around 17 per cent of
global anthropogenic greenhouse gas emissions come from the forestry sector as a whole,
including emissions from biomass decay, drained peat and peat ﬁres. The forest sector is
the third largest source of emissions after energy supply and industry.32 On a global scale,
forestry is a larger emitter than the transport sector.
Table 2.2 below shows net CO2 emissions (emissions from deforestation minus sequestration from A/R) from the forest sector in the 1980s and 1990s. The range of estimates
given is high because there are uncertainties associated with estimating deforestation
rates and forest carbon stocks (see Betts et al 2008). The ﬁgures are also likely to underestimate emissions since they do not include those from forest degradation, which can
also be signiﬁcant. As well as affecting the carbon cycle, changes in forest cover can also
affect the climate in other ways, through changes to surface albedo, evaporation rates
and aerosol emissions (see Box 2.3).
Around 96 per cent of emissions from deforestation are in developing countries in the
tropics, while over 60 per cent of sequestration from forestation is in the temperate and
boreal regions.33 Both tropical deforestation emissions and sequestration from non-tropical regions have increased since the 1980s. However, temperate forests do not sequester
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as much CO2 as is released in emissions through tropical deforestation. And the amount
of CO2 sequestered each year is only a fraction of the amount released each year through
deforestation and degradation.
Tropical deforestation not only produces substantial carbon emissions but it also
reduces the size of the forest carbon sink (see Box 2.2). This can lead to an ‘amplifying’
effect on the rate of increase in the global atmospheric CO2 stock.
Table 2.2: CO2 emissions from land use change in the 1980s and 1990s
(GtCO2 per year)
Tropical
Americas

Tropical
Africa

Tropical
Asia

Pan-Tropical

Nontropics

Total
globe

1980s AR4

2.2
(1.1-2.9)

0.7
(0.4-1.1)

2.2
(1.1-3.3)

4.8
(3.3-6.6)

0.2
(-1.5-2.2)

5.1
(1.5-8.4)

1990s AR4

2.6
(1.5-3.3)

1.1
(0.7-1.5)

2.9
(1.5-4.0)

5.9
(3.7-8.1)

-0.1
(-1.8-1.8)

5.9
(1.8-9.9)

Note: Positive values indicate net emissions and negative values net sequestration. Numbers in parentheses are ranges of uncertainty.
Source: Table adapted from IPCC (2007) and converted from GtC per year to GtCO2 per year. The ﬁgures
are IPCC AR4 best estimates calculated from the mean of Houghton (2003) and Defries et al (2002), the
only two studies covering both the 1980s and the 1990s. For non-tropical regions where Defries et al has
no estimate, Houghton was used.34

Box 2.3: Additional impacts of forests on climate change
As well as affecting the carbon cycle, changes in forest cover can also modify the terrestrial surface energy balance, including via the albedo, evaporation rates and aerosol
emissions, all of which can exert local warming or cooling effects. (See Betts et al
(2008) for more details).
s Albedo is the proportion of solar radiation reﬂected back into space, commonly
expressed as a percentage. A low albedo means that very little solar radiation is
reﬂected while more is absorbed by the surface, which acts to warm the land. A
forested landscape generally has a low albedo of around 10-20 per cent, while grasslands and croplands have higher albedos of around 40-50 per cent. A high albedo
means that a high proportion of solar radiation is reﬂected back into space while less
is absorbed, so the surface receives less warming from the sun. Snowy landscapes
can have an albedo of 80 per cent or more because snow is highly reﬂective.35
s Water on the surface of land or vegetation tends to evaporate back to the atmosphere, and this evaporation exerts a cooling inﬂuence on the land surface, as well
as providing moisture to the atmosphere and enhancing cloud formation. Evapotranspiration also takes place when plants draw up moisture from the soil, which
then evaporates into the atmosphere through microscopic pores in the leaf surface.
Forests have higher rates of evapotranspiration than other types of land cover and
evapotranspiration rates are also higher in warmer regions.
34 IPCC (2007) WG 3 Chapter 9
35 Harding and Pomeroy (1996)
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s The burning of biomass (for example through slash and burn deforestation) produces
soot AEROSOL EMISSIONS. Deforestation in dry regions can also produce dust aerosol
emissions. Both soot and dust absorb solar radiation, leading to a warming effect.
Although the effects are complex and have not yet been investigated in depth,36
deforestation through slash and burn and deforestation in regions which are drying
due to climate change may exert additional warming effects.
The interactions involved are complex, and the relative importance of each of these
biophysical processes depends on local conditions and can vary with season and location. In cold regions, evaporation rates are lower and albedo is the dominant factor.
The presence of forests in cold regions with substantial winter snow can exert an overall
warming effect on the local climate (forest cover having a lower albedo than snow)
while deforestation in mid-latitudes has an overall cooling effect because of increases
in surface albedo. In tropical regions, although albedo is a signiﬁcant factor, evaporation is more signiﬁcant. Deforestation in the tropics exerts an overall warming effect
through reduced evaporation rates. This warming effect is additional to that caused by
increasing greenhouse gas concentrations.
Because there is still much uncertainty in this area, the climatic impacts of albedo,
evapotranspiration and atmospheric aerosols are not included in the modelling used in
this Review unless otherwise stated.

2.4

Modelling future impacts

2.4.1

Business as usual scenarios

Projecting future CO2 emissions from forests involves a high degree of uncertainty, due
to uncertainty over current and future deforestation and degradation rates and carbon
stocks. A key recommendation of this Review is that greater efforts should be made by
the international community to obtain more consistent and accurate data on current
emissions from the forest sector.
Projecting rates of deforestation, degradation and ARR under a business as usual (BAU)
scenario and calculating the resultant estimated CO2 emissions is needed to understand
the projected effects of reduced forest loss. There are many models of the forest sector that
are capable of forecasting future emissions. Figure 2.3 shows two very different examples
of business as usual forecasts of forest sector emissions. Although different, both start
from the 1.8-9.9 range used by the IPCC and they both show a decline in emissions for
the next four decades. Further, their cumulative emissions from deforestation to the end
of the 21st century are broadly similar.
Houghton’s37 projections estimate forest emissions at around 8 GtCO2 in 2000,
declining over time to around 2 GtCO2 in 2100. In contrast, the IPCC SRES A2 projections38 estimate emissions at around 4 GtCO2 in 2000, with emissions increasing from
36 Woodward et al (2005)
37 Houghton (2003)
38 Betts et al (2008) used the IMAGE model by Strengers et al (2004) using the SRES A2 BAU
scenario laid out in Nakicenovic et al (2000) and carbon stock assumptions from House et al
(2002)
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around 2050, reaching around 10 GtCO2 in 2100. The variation in the forecasts indicates
the level of uncertainty associated with current emissions from deforestation, with many
estimates lying between these two forecasts. As well as reﬂecting the uncertainties in
current emissions, the two graphs also indicate the large uncertainties over the changing
rate of forest emissions in the future. This is partly a consequence of different deﬁnitions
of business as usual and partly a result of underlying differences in the assumptions and
modelling approaches used.
Figure 2.3: Different forest emissions projections from Houghton and SRES A2
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The IPCC has attempted to deal with this uncertainty by modelling emissions under a
range of different scenarios known as SRES scenarios. The IMAGE 39 model has been used
to project future forest cover changes under different SRES scenarios. Each SRES scenario
reﬂects different assumptions about GDP growth, population growth and about changes
in technology. Under four commonly used SRES scenarios, IMAGE projected some areas
of deforestation in all tropical regions, and also some areas of A/R in all regions. Overall,
tropical forest cover in Africa and Asia is projected to decrease continuously to 2050 in
all scenarios. In Latin America, total tropical forest cover in Amazonia decreases by 2050
in only one scenario. In the other three, deforestation is offset by A/R at the continental
scale, leading to overall forest gain by 2020 and 2050. The net global land cover changes
in these four SRES emissions scenarios are projected to increase atmospheric CO2 concentrations by between 20-127ppm by the end of the 21st century.40
39 Nakicenovic et al (2000). SRES includes a large number of scenarios. Here we focus on four
scenarios knows as A1B, A2, B1 and B2. A number of integrated assessment models were used
in SRES, but here we focus on land use from IMAGE (Strengers et al, 2004).
40 Sitch et al (2005)
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Given the uncertainty over deforestation projections, the models in the next section,
which project the contribution of deforestation to the impacts of climate change, use the
Houghton projections in the core scenario, and then the SRES A2 projections to crosscheck the results. As an extra level of testing, the models used are probabilistic to give a
range of outcomes with conﬁdence intervals.

2.4.2 Costing the climate change impacts of deforestation
Modelling commissioned by this Review estimates that the mean damage cost of the
climate change impacts of forest emissions will have risen to around $1 trillion a year by
2100. These costs are additional to those caused by emissions from other sectors.
While several estimates of the mitigation costs of reducing deforestation exist (see
Chapter 5), no estimates of the damage costs of the impacts of forest emissions had
been published at the time of writing. The Eliasch Review therefore commissioned the
modelling of these damage costs using the PAGE model.41 This probabilistic integrated
assessment model was used by the Stern Review to estimate the value of climate change
impacts from 2000 to 2200. Figure 2.4 below summarises the steps involved in integrated
assessment modelling, although most models do not represent all the steps. The PAGE
model does not represent direct impacts; instead, impacts (economic, social and environmental) are evaluated in terms of an annual percentage loss of GDP in each region.
Figure 2.4: Flow chart of steps involved in integrated assessment models of
climate change

emographics, production / consumption, technology

Emissions

Atmospheric concentrations

Radiation and global climate

Regional climate and weather

irect impacts (crops, forests, ecosystems)

Socio-economic impacts

Source: Parson and Fisher-Vanden (1997)
41 Hope (2006)
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The BAU emissions data used in the core model run is from Houghton42 for deforestation
emissions and the IPCC SRES A2 non-intervention scenario43 for emissions from other
sectors. The full details of the modelling and results are set out in a background paper to
this Review.44
The modelling shows that with deforestation, CO2 concentrations are on average
around 30ppm higher in 2100 and throughout the 22nd century (see Figure 2.5 below). The
IPCC45 estimates that stabilising the CO2e concentration within the 445-490 range would
result in a global average temperature increase of 2.0-2.4°C. The current CO2e concentation is around 433ppm.46 If we are to stabilise levels at around 445-490ppm CO2e, the
international community will need to limit any further global increases to 12-57ppm.
Consequently, a contribution of 30ppm from the forest sector is highly signiﬁcant.
Figure 2.5: Increase in CO2e concentration by date as a consequence of
BAU deforestation
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distribution.
Source: Hope (2008)
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Houghton (2003)
Nakicenovic et al (2000)
Hope (2008)
IPCC (2007) AR4 Synthesis Report
EEA (2008) reports that the concentration was 433ppm in 2006.

30

Part I: The challenge of deforestation

The increased temperature resulting from deforestation leads to annual damages from
global impacts that are, on average, around $1 trillion higher in 2100 (see Figure 2.6). For
comparison, global world product was about $45 trillion in 2000, and will rise to $340
trillion in 2100 in the SRES A2 scenario.
Figure 2.6: Increase in annual global impacts by date as a consequence of
BAU deforestation
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In order to represent the sum of all the future damage costs of deforestation in today’s
terms, the net present value (NPV) of the costs was calculated. This calculation uses a
discount rate to give less weight to future damage costs than damage costs in the present.
With this discounting,47 the mean NPV of the climate change impacts of deforestation
from 2000 to 2200 is around $12 trillion (see Figure 2.7a). The vertical lines in this and
the other graphs in Figure 2.7 represent the 5 per cent and 95 per cent points on the
probability distribution.
Although very signiﬁcant, it is important to bear in mind that the loss of forest carbon
services from deforestation is just one lost ecosystem service among many. Other lost
services include water regulation and biodiversity (see Chapter 1). It has been estimated
that the damage cost of all forest ecosystem services lost in just one year currently
amounts to € 1.35–3.1 trillion.48

47 A pure time preference rate of 0-2% was used (most likely value of 1) with an equity weight
of 0.5-2 (most likely value of 1). Using these values gives discount rates for the various regions
modelled of 1.9-3.6%.
48 Braat and Ten Brink (2008)
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Figure 2.7: Forest emissions, climate change damage costs
(a) Damage costs of the climate change impacts from BAU forest emissions (using
Houghton and A2 BAU emissions projections)
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(b) Climate change damage costs of deforestation (using IPCC SRES A2 BAU emissions
projections for forest and other sectors)
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(c) Climate change damage costs of deforestation (using Houghton and MAGICC 450ppm
CO2e stabilisation scenario emissions projections)
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In order to cross-check the $12 trillion result, further modelling was undertaken using
the very different forest emission projections from the IPCC’s SRES A2 scenario.49
Not withstanding the large difference in projected emissions, the damage costs were
almost identical. The mean NPV of the impacts of BAU deforestation were again around
$12 trillion ($1 trillion in 2100; $12 trillion in 2200) – see Figure 2.7b.
As an additional cross-check, the Houghton estimates of deforestation were combined
with a global emissions path that reﬂects a strenuous attempt to limit total CO2e concentrations. A global emissions path designed to stabilise GHG concentrations at around
450ppm CO2e was used from the MAGICC model.50 Again the results were practically
identical, with the mean net present value of the impacts of BAU deforestation once more
around $12 trillion ($1 trillion in 2100; $12 trillion in 2200) – see Figure 2.7c.
The A2 and 450ppm scenarios cover almost the full range of plausible greenhouse gas
emissions pathways over the 21st century. We can therefore conclude that the impacts
of BAU deforestation are relatively insensitive to the emissions scenario for other sectors
upon which they are superimposed. This is due to a greater forest sector-induced temperature increase from a lower emissions base (such as in the 450ppm scenario), generating
similar climate change damage as a lower temperature increase from a higher base (such
as in the SRES A2 scenario).

49 Betts et al (2008)
50 Wigley (2003)
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Conclusion

Global forests, particularly tropical rainforests, play a key role in climate regulation. They
also provide a range of other beneﬁts such as rainfall for agriculture, ﬂood prevention
and biodiversity. However, human activities have signiﬁcant impacts on forests which
in turn affect climate change and wider ecosystem services. Deforestation and forest
degradation have particularly detrimental effects on the carbon cycle by releasing large
quantities of stored carbon. At the same time, natural, undisturbed forests and ARR have
important roles in storing and sequestering atmospheric CO2.
Rates of global deforestation, particularly in the tropics, are substantial and projected
to continue over the next half century. In addition, forest degradation may affect an area
the same size or even larger. While global forestation has increased in recent decades,
it is not on the scale of deforestation and takes place largely in mid-latitude regions
such as China and Europe, where the potential for carbon sequestration is lower than in
the tropics.
If the international community is to reach a stabilisation target for atmospheric greenhouse gas emissions that averts the worst impacts of climate change, strong and urgent
action will be required to reduce deforestation rates, particularly in the tropics. At the
same time, efforts to increase ARR, again particularly in the tropics, will also be important, as will ensuring that standing forests are preserved.
The next chapter examines the drivers of deforestation in different regions of the world
to provide an understanding of the economics and policies that will need to change if
rates of deforestation are to be reduced. Chapter 4 then goes on to describe a range of
more efﬁcient and sustainable management practices that could reduce deforestation
while providing better livelihoods for forest communities.

3. The drivers of
deforestation
Key messages
World population will probably increase by 50 per cent to 9 billion over the next 40
years. Much of this rise will occur in developing countries. People are getting wealthier
– global income per capita could grow by more than 3 per cent per year to 2050, and
the global middle class is projected to triple to 1.2 billion.
Demand for agricultural products and timber will continue to rise, increasing already
heavy pressure on forest land if productivity increases cannot keep pace. There may be
additional pressure directly from population growth in and near forests. Global policy
incentives such as biofuels targets could also create pressure for forest clearance, unless
effective sustainability criteria are applied.
As long as forest carbon or other ecosystems services are not reﬂected in the price of
commodities produced from converted forest land, forests will – in ﬁnancial terms –
generally be worth more to landowners cut than standing.
The social, institutional and political conditions prevailing in many rainforest nations
may amplify the economic pressures on forests. In particular:
s The policy and legal framework in many forest nations is skewed towards deforesting practices, for example through subsidies and tax breaks.
s Lack of clear and secure land tenure is a major factor driving deforestation in many
nations. Only when property rights are secure, on paper and in practice, will longerterm investments in sustainable management become worthwhile.
s Weak law enforcement in many countries allows illegal logging to take place on a
large scale. It is estimated that, in ﬁve of the ten countries with the largest forest
cover in the world, more than half of trees cut are felled illegally. Even where policies and laws to help protect forests exist and are clear, many forest nations lack the
capacity to implement and enforce them.
Forest transition theory suggests that unless major policy interventions are made on a
sustained basis and are effective, then regions with high forest cover will eventually lose
a large proportion of forest as a result of economic development.
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3.1

Why are trees being cut down?

There already exists much good analysis of the underlying drivers of deforestation.1
Here we focus on the underlying economic forces. Much of the analysis of deforestation
focuses upon developing countries. However, it should not be forgotten that industrialised countries, such as the UK, have already lost most of their tree cover through deforestation over centuries.
Deforestation generally occurs in order to supply timber and agricultural products
to meet global and local demand. It will continue until there is sufﬁcient incentive to
conserve forests. This will be achieved more easily if the cost of lost forest ecosystems is
reﬂected in the price of the products supplied from the converted land, as discussed in
the sections below.
Other drivers play an important role in deforestation:
s policy incentives (whether direct, such as subsidies, or indirect, such as for building
roads into forests, or encouraging migration to them);
s land tenure systems;
s other governance-related incentives.
These drivers of deforestation are complex and interlinked. They act globally, regionally
and locally. Figure 3.1 illustrates the various types of underlying driver, which are examined in more detail in the rest of this chapter.
Figure 3.1: The underlying drivers of deforestation
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There is considerable variation in the interaction of the various drivers across the different
rainforest regions. The Amazon forest is being cleared mainly across a large belt extending
from eastern to southern Amazonia. Drivers of deforestation there include expansion of
cattle and soybean production. Pockets of cleared forest also occur around settlements
and roads. In Africa, deforestation in the Congo Basin is limited, largely because of civil
conﬂict restricting investment and infrastructure expansion. Shifting agriculture tends
to be restricted to the secondary forest mosaics and only partially affects the primary
1

Such as Kanninen et al (2007)
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forest. Illegal logging, urban expansion and fuel requirements are also drivers of deforestation. Most tropical forests in Asia are under intensive exploitation for timber and
conversion to agricultural lands, in particular oil palm plantations for the production of
vegetable oils. Shifting cultivation is also thought to be on the increase.2

3.2

Population growth and wealth creation

World population will probably increase by 50 per cent to 9 billion over the next 40
years. Much of this rise will occur in developing countries. People are getting wealthier
– global income per capita could grow by more than 3 per cent per year to 2050, and
the global middle class is projected to triple to 1.2 billion.
Figure 3.2 shows projections for global population growth to 2050. Increasing population will place growing pressure on forests by increasing global demand for agricultural commodities and timber products which can be harvested on land that is currently
forested. Higher population levels in forest areas themselves may increase pressure
directly, through infrastructure expansion.
Figure 3.2: Projections for world population in 2050
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Even faster than the growth in the world population is the growth of the global middle
class, as a result of economic development. The World Bank estimates that by 2030, 1.2
billion people in developing countries – 15 per cent of world population – will belong to
the global middle class,3 up from 400 million in 2005 (see Figure 3.3).
Figure 3.3: Growth in global middle class
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This growing global middle class is important for understanding changing demand
because it is able to afford more meat and dairy produce. This kind of diet requires much
more land to support it compared with a vegetable-based diet (Table 3.1).
Table 3.1: Land requirements for producing different types of food
Food item

Land requirement (m2
year kg-1)

Beef

20.9

Cheese

10.2

Pork

8.9

Eggs

3.5

Flour

1.6

Whole milk

1.2

Fruits (average)

0.5

Vegetables (average)

0.3

Potatoes

0.2

Source: Gerbens-Leenes et al (2002)
3

A family of four in that class earns between $16,000 and $68,000 in purchasing power parity
(PPP) dollars.
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Growing demand for agricultural products
and timber

Demand for agricultural products and timber will continue to rise, increasing already
heavy pressure on forest land if productivity increases cannot keep pace. There may be
additional pressure directly from population growth in and near forests. Global policy
incentives such as biofuels targets could also create pressure for forest clearance, unless
effective sustainability criteria are applied.
Global demand for agricultural products has been increasing for many decades. Yet, in
real terms, prices of most agricultural commodities have fallen over the last 30 years,
primarily as a result of technology-driven improvements in productivity and yields. Most
increased agricultural production has come from increased yields, rather than greater use
of land.4 However, despite the declining returns for agricultural products, deforestation
has continued, at least in part because the costs of ecosystem loss have not been reﬂected
in the price of products grown on converted forest land. On the contrary, sales of timber
from deforesting the land often partly or totally subsidise the conversion to agriculture.
And the construction of more roads (both legal and illegal) has brought down the cost of
sending produce to market considerably.
Since 2006 there has been a strong rise in food prices, which has occurred simultaneously for all key food staples. Contributing factors include: 5
s a rapidly growing global middle class (see above);
s increasing demand for biofuels; 6
s poor harvests as a result of more extreme weather conditions;
s export restrictions imposed in response to higher commodity prices.
In the medium term, global food prices are expected to resume their decline in real
terms, albeit at a slower rate, due to increased supply responding to higher prices and
improved weather conditions.7
A direct relationship can be shown between the sale price of agricultural commodities
and deforestation (see, for example, Figure 3.4 below).

4
5
6
7

HM Treasury (2008)
HM Treasury (2008)
Gallagher (2008)
OECD-FAO (2008)
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Figure 3.4: Correlation between deforestation in the Brazilian Amazonia, farmgate
prices of beef and rainfall (2001-2003)
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The factors set out above will mean that demand for agricultural products and timber
will continue to increase over the decades to come (see Figure 3.5 for increases in demand
over past years). The past half century has seen dramatic improvements in agricultural
yield, but future productivity increases may not be enough to keep up with demand,
particularly if biofuel is in competition with food production for land.8
Figure 3.5: Demand for major food crops (difference from previous year in millions
of tonnes)
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Current economic incentives for landowners
to deforest

As long as forest carbon or other ecosystem services are not reﬂected in the price of
commodities produced from converted forest land, forests will – in ﬁnancial terms –
generally be worth more to landowners cut than standing.
Table 3.2 below gives some examples of land use returns that can be derived from
converted forest land. As previously mentioned, timber sales are often used to fund the
costs of conversion.
Table 3.2: Selected land use returns in some forest nations
Country

Land use

Land use returns ($/ha)

Brazil

Soybeans

3,275

Beef cattle (medium/large scale)

413

One-off timber harvesting

251

Beef cattle (small scale)
Indonesia

Cameroon

3

Large scale palm oil

3,340

One-off timber harvesting

1,099

Smallholder rubber

72

Rice fallow

28

Cocoa with marketed fruit

1,448

Annual food crop, short fallow

821

Annual food crop, long fallow

367

Note: Returns are net present value in 2007 $ at discount rate of 10 per cent over 30 years
Source: Grieg-Gran (2008)

Even if forests are sustainably harvested, the revenues available are often unattractive
compared with those available from conversion. In one Brazilian example,9 reduced
impact logging would yield $128 proﬁt per hectare from an initial selective harvest. If the
forest were left alone to regenerate, another harvest would be possible in 30 years. This
gives a net present value of only $0.24 per hectare,10 which is very unattractive compared
with conversion to one of the land uses in Table 3.2.

9 Boltz et al (2001), discussed in Chomitz et al (2006)
10 A 20 per cent discount rate was used in this instance.
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3.5

Policy incentives

The social, institutional and political conditions prevailing operating in many rainforest
nations may amplify the economic pressures on forests. The policy and legal framework
in many forest nations is skewed towards deforesting practices, for example through
subsidies and tax breaks.
Policy incentives, both direct and indirect, are important drivers of deforestation (Figure
3.6). Policies and laws governing land use set the context for whether sustainable management of land and forests will be feasible, effective, proﬁtable and desirable – or if demand
will be met through deforestation. Land use policies and forest law systems in many forest
nations have so far proved ineffective at preventing forest destruction, and in many cases,
have favoured deforestation. The analysis in the previous section demonstrates why such
policies have often made good economic sense for many countries.
Figure 3.6: Policy drivers of deforestation
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Although sustainably managed today, economic development and industrialisation over
several hundred years greatly depleted Europe’s forests. As populations grew and farming
methods changed, signiﬁcant areas of forest were lost to livestock grazing, swidden cultivation and clearance for permanent ﬁelds. Remaining areas were subject to intensive
logging to meet the needs of local populations and for industries such as shipbuilding,
construction, charcoal production and mining.11 Only about 0.24 per cent of Europe’s
remaining 144 million hectares of forest is considered to be virgin forest and only 1.8 per
cent is classiﬁed as virgin forest or old growth forest remnants.12
The US has also experienced signiﬁcant deforestation, having lost 90 per cent of the
virgin forests that once covered the lower 48 states.13 So, until very recently, deforestation made economic sense for most developed countries, and state policies and processes
supported this. In seeking to help reduce deforestation in tropical forest nations, developed countries can therefore be seen as asking developing countries to reject a highdeforestation (and consequently high-carbon) growth path that they themselves
have followed.
11 Colchester (1998)
12 Colchester (1998)
13 University of Michigan (2006)
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Many forest nations have also pursued development and growth policies, in both
the forestry and non-forestry sectors, which have led to higher levels of deforestation.
Examples of this include tax breaks and subsidies for economic activities that result in
deforestation. Sentiano reports on how policies pursued in Indonesia following the country’s mid-1990s economic crisis led to massive overcapacity in the timber processing
sector, with annual demand for wood-based industries far outstripping the legal and
sustainable timber supply.14 Many South American countries have supported the development of export sectors such as sugar and beef in an attempt to generate foreign exchange
earnings,15 leading to forest clearance to make way for pasture and crops.
Furthermore, legal and policy frameworks have tended to favour industrial interests
in timber, agriculture and mineral extraction, over the interests of forest-dependent
communities in managing land and resources,16 and this can make overexploitation of
forest resources more likely. Evidence suggests that ownership and control over forests by
indigenous communities, within an appropriate framework of regulation and support,
can limit deforestation.17 Local communities – through their local knowledge and expertise, their role in protecting forests from outside encroachment and a long-term commitment to their lands – often exercise superior conservation practices.18 However, policies
skewed towards larger industrial interests disadvantage smaller and community-based
enterprises and reduce their proﬁtability;19 and large timber companies tend to receive a
greater share of concessions.
The indirect effects of non-forestry policies can also be signiﬁcant, if environmental
impacts are not taken into account. Infrastructure development of all kinds can lead to
forest clearance. Road building and improvement have the biggest impact on deforestation. They make transport cheaper for timber companies, encourage expansion and
infrastructure development at the forest frontier and drive cycles of conversion of timber
harvesting and conversion to agriculture.20 Migration to settlements, and the establishment of new ones in forest frontier areas, can also reinforce economic incentives for
further deforestation through the growth of local markets and infrastructure, which
further attracts new migrants.21

14
15
16
17
18
19
20
21

Sentiono (2007)
Lambin and Geist (2003)
Sunderlin et al (2008)
Chomitz et al (2006)
Molnar et al (2004)
Molnar et al (2006)
Kanninen et al (2007); Chomitz et al (2006)
Lambin and Geist (2003)
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3.6

Land tenure

Lack of clear and secure land tenure is a major factor driving deforestation in many
nations. Only when property rights are secure, on paper and in practice, will longerterm investments in sustainable management become worthwhile.
Lack of clear and secure land tenure and use rights is a major factor driving deforestation
in many forest nations. Table 3.3 shows the distribution of nominal forest tenure in four
key countries. There is a wide variation in land tenure models between forest nations,
from complete state administration of forest lands in much of central Africa, to almost
100 per cent private ownership by communities and indigenous groups, as in Papua New
Guinea. Global trends show an overall decline in the area of forest under state ownership
and corresponding increases in the area of forests designated for use by, or owned by,
communities and indigenous peoples, or by private individuals and ﬁrms. 22
Table 3.3: Forest tenure and distribution (million ha)
Public
Administered
by government

Private
Designated for
communities/
indigenous
peoples

Communities/
indigenous
peoples

Individuals and
ﬁrms

88.6

25.6

109.1

198.0

Indonesia

121.9

0.2

0

1.7

DR Congo

133.6

0

0

0

0.3

0

25.5

0

Country
Brazil

Papua New
Guinea

Source: Sunderlin et al (2008)

Given the potential advantages of community ownership and stewardship of forest lands,
this could be seen as a positive trend from the viewpoint of managing forests sustainably to tackle climate change. In reality, a lack of clarity and security of land tenure and
user rights is extremely widespread in forest nations, and this acts as a key underlying
driver of deforestation. Only when property rights are secure, on paper and in practice,
do longer-term investments in sustainable management become worthwhile.23 Governments, communities and individuals can successfully manage forests in a sustainable
way, but only when the appropriate enabling elements are in place. Secure tenure rights
and resource access are two of these elements.24
The lack of clear and secure tenure is a feature of the broader political and economic
marginalisation of forest communities, who often struggle to assert and exer-
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cise their rights over forest land and use forest resources as they wish. In the confusion and conﬂict over land rights, it is often indigenous people and forest communities who are disadvantaged. Concessions are often awarded on lands that have been
designated for use by, or titled to, indigenous peoples. In Peru, for example, almost all
titled indigenous lands are affected in some way by the 45 million hectares of land
under contract for oil and gas exploration and exploitation.25 Rights and Resources
Initiative reports that, in Colombia, paramilitary groups have forcibly evicted forest
peoples and sold their lands to speculators and for palm oil plantations. The Indonesian non-governmental organisation Sawit Watch reports that at least 400 communities in Indonesia have been affected by land conﬂicts caused by the expansion of palm
oil plantations.26

3.7

Capacity

Weak law enforcement in many countries allows illegal logging to take place on a large
scale. It is estimated that, in ﬁve of the ten countries with the largest forest cover in the
world, more than half of trees cut are felled illegally. Even where policies and laws to
help protect forests exist and are clear, many forest nations lack the capacity to implement and enforce them.
Poor regulations and a lack of implementation and enforcement capacity in many forest
nations are widely recognised as important underlying drivers of deforestation. As Figure
3.7 shows, high levels of forest loss, or net deforestation, tend to be correlated with lower
government effectiveness, based on World Bank governance indicators. Governance
weaknesses related to deforestation also overlap with the underlying drivers of poverty
in developing countries and are particularly relevant to forest communities.
Ambiguous or overlapping laws, regulations and jurisdictions provide opportunities
to exploit ‘grey areas’ and circumvent forest protection policies.27 Complicated devolution
processes, for example, can result in contradictory and inconsistent legal frameworks,
open to exploitation by actors seeking quick proﬁts through deforesting activities.
Even where policies and laws are clear, forest nations may lack the capacity to implement and enforce them. Weak law enforcement in rainforest nations allows illegal logging
to take place on a large scale globally. It is estimated that, in ﬁve of the ten countries with
the most forest, more than half of the trees cut are felled illegally.28 Weak institutional
capacity at all levels signiﬁcantly hampers the ability of countries to implement forest
protection programmes and promote sustainable management. Ministries with responsibility for different aspects of land use may not be well coordinated. This may reﬂect
in part budgetary constraints, resulting from competing priorities for funding in developing countries.
Forest resources, like other natural resources, are subject to capture and exploitation
by political, economic and military elites. A lack of transparency in decision-making in
some forest nations further enables powerful political and corporate interests to act with
25
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minimal public accountability,29 which will tend to lead to unsustainable practices.
Figure 3.7: Correlation between indices of government effectiveness and net deforestation in 40 forest nations
Note: Each point represents a forest nation. The world’s 40 largest forest countries, based on area of forest
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cover, were included in the analysis. Governance index scores range from -2.5 (less effective) to +2.5
(more effective).
Source: FAO (2005). Government Effectiveness index scores from World Governance Indicators for 2000,
World Bank (2008)

The relative importance of these governance factors – policy, capacity and tenure issues
– as drivers of deforestation varies from country to country. Lambin and Geist identiﬁed
the main policy and capacity factors underlying deforestation in the three main rainforest regions. These are set out Table 3.4.
Table 3.4: Governance drivers of deforestation in the three major rainforest regions

Governance
drivers

Latin America

Southeast Asia

West and Central
Africa

Policies facilitating land
transfer to large,
private ranches;
state policies of frontier
colonisation

Policies facilitating colonisation and state plantations;
large transmigration projects;
weak enforcement of forestry
law; insecure land ownership

Poor law enforcement; mismanagement by weak
nation states;
in-migration

Source: Lambin and Geist (2003)

29 Kanninen et al (2007)
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Forest transitions over time

Forest transition theory suggests that unless major policy interventions are made on a
sustained basis and are effective, then regions with high forest cover will lose a large
proportion of forest as a result of economic development.
The combined impact of economic and other drivers on forests over time is described by
the forest transition concept. This sets out a sequence of events in which forest cover ﬁrst
declines then reaches a minimum level before slowly increasing and eventually stabilising. This sequence is illustrated in Figure 3.8 below:
Figure 3.8 Stages and main drivers in forest transitions

1. triggers

2. reinforcing loops

Forest cover

3. stabilising loops

1
Undisturbed
forests

2
Forest
frontiers

3
Forest / agricultural
mosaics

4
Forest / plantations /
agricultural mosaics

Time

Source: Angelsen (2007)

Movement along the forest transition curve is the result of three sets of forces:
s A set of triggers (force 1) initiates the deforestation process. The key trigger is the
construction of new or improved roads. Formerly, relatively undisturbed forest would
have enjoyed passive protection due to poor infrastructure and market access. But now
the area is opened up to both people and capital, and a market outlet is created for
agricultural and timber products.
s Next a set of reinforcing loops (force 2) enlarge the initial effect through positive feedback. Population and economic growth in the area increase agricultural rent through
increased local demand and the development of downstream processing activities for
agricultural products. Agricultural inputs become cheaper as capital accumulates and
the population in the area expands. And population and economic growth in the area
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also stimulate the development of better infrastructure and transport facilities, further
reducing transport costs and increasing agricultural rents.
s Eventually, stabilising loops result in downward pressure on agricultural rent and an
upward shift in forest rent. The downward pressure on agricultural rent occurs as betteroff farm wages and employment opportunities attract people out of the agricultural
labour market. Increased agricultural supply may also dampen prices. Economic development can also lead to a demographic transition that reduces the supply of labour and
drives up wages. Forest rents also tend to rise in parallel: high levels of deforestation
lead to forest scarcity, which leads to higher prices for forest products. This encourages
both better forest management and reforestation. Loss of forest ecosystem services may
also result in policy changes that promote forest conservation. These forces are ampliﬁed by economic development that brings about an improved rule of law and greater
political awareness of environmental services.
Forest transition theory suggests that unless major policy interventions are made on a
sustained basis and are effective, then regions with high forest cover will eventually
lose a large proportion of forest as a result of economic development. Although cover
will eventually be partially restored, it will not have the same carbon storage capacity or
biodiversity as the old growth forest that was there before. Furthermore, by the time the
global forest sector sequesters more CO2 than it emits, a climate tipping point might have
already been reached.30

3.9

Conclusion

Many developed countries are already largely deforested. Deforestation is now principally happening in developing countries as they tread a similar path to meet their development needs.
With an increasing and increasingly wealthy global population, demand for land and
for agricultural and forest products will continue to rise. Without a value on the local and
global services provided by standing forests, there is little economic incentive to meet
this demand other than through deforestation. And current policy incentives in many
countries amplify the global and local economic incentives to deforest. Weak governance,
particularly in forest nations, further contributes to continued unsustainable levels of
deforestation. Later chapters in this Review will look at how bringing forests into a global
deal on climate change can help shift the global response to demand away from deforestation and towards more efﬁcient and sustainable land and resource use.

30 Angelsen (2007)

4. Sustainable production
and poverty reduction
Key messages
Population growth and wealth creation are increasing demand for agricultural products
and timber. Clearance of forested land is currently meeting the growing demand for
these commodities.
A signiﬁcant land gap for meeting demand for commodities is a real threat, which will
put increased pressure on forests. More research is urgently needed on land availability at
national and sub-national levels. However, it is clear that if deforestation is to be reduced,
a global step-change is needed in the way land is used and commodities are produced.
Our vision is a sustainable system of global production which can meet increasing
demand for commodities and lead to reduced carbon emissions, better livelihoods for
the poor and preservation of non-carbon ecosystem services such as biodiversity and
water services.
To achieve this vision, a shift of policies and practices in several sectors will be required:
s Production of agricultural commodities can be made more efﬁcient and sustainable
mainly through increased productivity. Well-managed expansion onto non-forest
land and agroforestry will also have a role.
s Global adoption of sustainable forest management is required to meet timber needs.
The role of communities as environmental stewards will be particularly important.
s Infrastructure expansion needs to be managed in a way that minimises environmental impacts and beneﬁts local populations. Partnerships between companies
and communities could help make this happen.
s The promotion of off-farm employment opportunities, as part of a broader economic
strategy, could help reduce deforestation.
s Protected areas are likely to have a signiﬁcant role in preserving global forests, but their
design and management require the full participation of affected communities.
s Payments for ecosystem services could provide a complementary income stream to
that generated by sustainable production.
s certiﬁed products and effective biofuels sustainability criteria that include the indirect
effects of land use change can also support the shift to sustainable practices.
Three key levers can help make the shift from deforestation to more sustainable policies
and practices: valuing carbon and other services that forests provide; shifting policy
incentives to more sustainable and efﬁcient production practices; and using demandside measures to support sustainable production.
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4.1

Introduction

Population growth and wealth creation are increasing demand for agricultural products
and timber. Clearance of forested land is currently helping meet the growing demand for
these commodities and a signiﬁcant land gap for meeting this demand is a real threat.
Although a detailed discussion of land availability for agricultural use is outside the scope
of this Review, we brieﬂy outline the challenge in this chapter.
While the scale of the land gap is uncertain, a step-change is clearly needed in the way
land is used and commodities are produced. This chapter sets out the Eliasch Review’s
vision for a sustainable and efﬁcient response to global demand for commodities. It then
identiﬁes three key levers that can be used to make the shift from deforestation to sustainable production: valuing carbon and other services that forests provide, shifting policy
incentives to more sustainable and efﬁcient production practices, and using demand-side
measures to support sustainable production.

4.2

Land availability

Population growth and wealth creation are increasing demand for agricultural products
and timber. Clearance of forested land is currently meeting the growing demand for
these commodities.
A signiﬁcant land gap for meeting demand for commodities is a real threat, which will
put increased pressure on forests. More research is urgently needed on land availability at
national and sub-national levels. However, it is clear that, if deforestation is to be reduced,
a global step-change is needed in the way land is used and commodities are produced.
Concerns over the impacts, including on forests, of the rapid expansion of biofuels to
meet US and EU fuel targets led to the UK government commissioning the independent
Gallagher Review in 2008.1 The review developed projections for land availability and
land requirements to meet demand for commodities to 2020. The ﬁndings highlighted
the extent of this uncertainty and the need for further analysis. Figure 4.1 shows the
Gallagher Review’s projections, under different scenarios of global land availability to
meet growing consumer demand for commodities and biofuel targets.

1

Gallagher (2008)
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Figure 4.1: Projections of global land availability to meet growing consumer demand
for commodities
1200
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Land availability (Mha)
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0
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optimistic

Scenarios
Land demand for agriculture and biofuels equals availability of suitable land

Source: Gallagher (2008)

The optimistic scenario, which assumes some of the signiﬁcant developments in technology and production methods for agricultural production discussed later in this
chapter, suggests that there is no cause for concern and that there will still be more
than 900 million hectares of productive land available in 2020. The mid-range scenario
suggests a surplus of land of more that 200 million hectares. The pessimistic scenario
sees a land gap of approximately the same size. Gallagher also draws attention to the
variety of estimates of demand for timber, which are excluded from the above scenarios,
including the FAO’s projections that land under forest plantation could stay static at the
current 190 million hectares or rise to as much as 310 million hectares by 2020. Alternative global land availability analysis by Roberts and Nilsson estimated a likely land gap of
at least 215 million hectares by 2030.2
All land availability estimates contain considerable uncertainties and are based on
different, complex and sometimes speculative assumptions. The amount and type of
non-forested land available also varies signiﬁcantly between countries and regions, and
drivers other than national-level land pressure may be the main factor in the encroachment of farmland onto forest land in many areas. More work is needed to understand the
extent of the problem.
Even without a land gap, the central and optimistic cases presented by Gallagher
assume considerable productivity improvements in agriculture beyond current baselines.
Consequently, in all cases, meeting the challenge of matching land availability with
demand for land and commodities while reducing deforestation requires a step-change
in the way land is used and commodities are produced.

2

Roberts and Nilsson (2008)
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4.3

A vision of sustainable production

Our vision is a sustainable system of global production which can meet increasing
demand for commodities and lead to reduced carbon emissions, better livelihoods for
the poor and preservation of non-carbon ecosystem services such as biodiversity and
water services.
Given the uncertainties about land availability over the coming decades, any system to
reduce deforestation will need to address rising demand for commodities. This Review’s
long-term vision is a system of sustainable and efﬁcient production to meet demand for
commodities that leads to reductions in carbon emissions, better livelihoods for the poor
and preservation of other ecosystem services such as biodiversity and water services.
Figure 4.2 outlines the elements of this vision.
Figure 4.2: A vision of sustainable production

Emissions reductions
Carbon finance
Supply-side policies
and capacity

Efficient and
sustainable
production

Better livelihoods
for the poor

Demand-side
incentives
Protected
ecosystem services

The response to increasing demand for commodities and land currently leads to
deforestation. Our vision sees three main levers coming into play to make the shift to
sustainable production. These levers, on the left of the diagram, are:
s valuing carbon and other services that forests provide;
s shifting policy incentives to more sustainable and efﬁcient production practices;
s using demand-side measures to support sustainable production.
Section 4.7 describes the respective roles of these levers.
The effectiveness of mechanisms and programmes intended to change the way
demand for land and commodities is met will depend on how well they contribute to
the development needs of forest-dependent communities. It is estimated that 1.6 billion
people depend to some degree on forests for their livelihoods.3 Changing patterns of
land use will impact on the interests and livelihoods of hundreds of millions of people,
many of them among the world’s poorest. While there may be trade-offs between
environmental and social goals in the short term, long-run sustainability means that

3
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new models of land use will need to beneﬁt poor people and forest communities.
Forests and the ecosystem services they provide can also play a signiﬁcant role
in adaptation to climate change. More resilient ecosystems will be better able to
withstand shocks and support communities in adapting to the effects of climate
change.4 Programmes to reduce deforestation that take a holistic approach to mitigation,
adaptation and livelihoods could therefore be a particularly efﬁcient and equitable
response to climate change.
Forests provide a huge range of other ecosystem services, in addition to being a carbon
store and sink. They regulate water supply used for agriculture nearby. They also support
considerable biodiversity and play an important role in global atmospheric circulation.
Forest use that damages the forest structure not only produces carbon emissions but also
damages the ecosystem services they provide. Therefore, methods that reduce CO2 emissions can preserve other forest ecosystem services that are crucial to maintaining life and
livelihoods.

4.4

Sustainable production and conservation

To meet the vision of sustainable production, a shift of policies and practices in several
sectors will be required: agriculture, timber and wood products, infrastructure,
alternative employment, and forest conservation.
Forest nations will want to use country-speciﬁc policies to reduce deforestation, but in all
cases a coherent cross-government policy, based on national and sub-national analysis of
the drivers of deforestation, will be essential. Chapter 12 examines the role of national
governments in achieving the shift to sustainable production. What follows is an
indicative sample of some of the on-the-ground approaches forest nations may choose to
adopt to shift production onto a more sustainable footing.

4.4.1

Agricultural production

Production of agricultural commodities can be made more efﬁcient and sustainable
mainly through increased productivity. Well-managed expansion onto non-forest land
and agroforestry will also have a role.
Agricultural intensiﬁcation has signiﬁcant potential to reduce pressure on forest land by
meeting demand more efﬁciently. Productivity for cereals (in tonnes per hectare) has
been stagnant in sub-Saharan Africa for around 30 years, whereas cereal yields in East
Asia rose by 2.8 per cent a year in 1961–2004.5 Analysis for Gallagher’s review6 found that
50-70 million hectares of pasture land could be made available in Brazil if the productivity
rate in São Paulo was extended to the rest of the country.7 There is a range of technologies
that could improve incomes and environmental outcomes, such as technological and
bioengineering improvements (including new generation biofuels) and improved pest
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control measures.8 Agricultural intensiﬁcation has the potential to help increase global
food security and support livelihoods, as well as reduce pressure on forests.
The challenges are considerable, however, and signiﬁcant development and wider
diffusion of agricultural technologies appropriate for rainforest nations will be required.
Achieving intensiﬁcation while maintaining biodiversity is a further challenge, although
good practice examples exist.9 And while the biggest impact of this type of approach
could be around central African rainforests where forest degradation from smallholder
cultivation is the major threat to forests, this is also where there is least capacity to implement large-scale programmes. Linking agricultural programmes to forest protection, and
possibly carbon ﬁnance, would also require far more integrated consideration and planning of land use at national and local levels.
In addition, although the effect of intensiﬁcation would be to reduce the average
pressure on global forests, if intensiﬁcation increased agricultural proﬁtability, then the
pressure to deforest could increase in the areas where the more intense practices applied.
The prospect of intensiﬁcation therefore increases the importance of proper valuation of
carbon and other ecosystem services.
Agricultural extensiﬁcation onto non-forested land not currently being used for agriculture, may also offer possibilities in some areas. The Brazilian Cerrado region, for
example, has an estimated 106 million hectares of currently unused land which would
be suitable for agriculture, outside forested land.10 Estimates also indicate that there
are at least 16 million hectares of lands which were converted to agriculture and cattle
ranching in the Brazilian Amazon and have now been abandoned.11 The Gallagher
Review also looked at the potential for policies that promote biofuels expansion onto
land not currently being used for agriculture (though its use by landless people for
subsistence purposes may be invisible to public authorities) and marginal or degraded
land not suited for food production or degraded through deforestation. The potential to
pursue this option will depend on local circumstances and again there is considerable
uncertainty over the availability and suitability of these kinds of lands.
Agroforestry systems, in which trees are interspersed across pasture and cultivated
land, can be one way to achieve the combined beneﬁts of improving income streams
from agriculture, protecting biodiversity and maintaining or increasing forest cover.
As with agricultural intensiﬁcation, the technical and capacity building challenges are
signiﬁcant, though successful examples are available. Box 4.1 describes the Plan Vivo
approach, in which carbon ﬁnance provides supplementary income to sustainable forest
management/agroforestry practices which themselves aim to improve livelihoods.12
The RISEMP13 scheme in Colombia, Costa Rica and Nicaragua aims to use payment for
ecosystem services to catalyse adoption of silvopastoral systems by paying landowners
for beneﬁcial changes in land cover. After two years, the programmes had tripled the
share of the project areas considered to be ‘improved pasture with high tree density’.14
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Box 4.1: Scolel Te: Plan Vivo
Plan Vivo programmes aim to:
s sequester carbon through forest and agricultural practices which contribute to
sustainable livelihood systems;
s assist farmers and communities to develop more sustainable land management and
better livelihoods through the provision of carbon services;
s target low-income farmers who often live in marginal areas, bringing together
smallholders and communities to deliver beneﬁts in the markets for environmental
services.
The Scolel Te programme in Southern Mexico includes over 2,000 families of indigenous Mayan and Mestizo farmers in 30 communities. The programme provides support
to develop sustainable forestry and agroforestry techniques to improve livelihoods. It
includes supplementing landholders’ income with carbon ﬁnance from offsets sold on
voluntary carbon markets. It has the potential to sequester around 100,000tCO2 per
year.
Several forestry systems are used in the Scolel Te project to sequester carbon:
s the establishment of tree plantations on areas previously used as pasture may
increase carbon stored in vegetation by about 440tCO2/ha;
s by growing timber and fruit trees interspersed with annual crops such as corn or
perennial crops such as coffee, around 256tCO2/ha can be sequestered;
s where closed forests are threatened, protection can prevent emissions of up to
1100tCO2/ha; and where forests are degraded, careful management and restoration can increase carbon storage by around 440tCO2/ha.
More than $30,000 in carbon payments was made to Scolel Te producers across
around 20 communities in 2006.

4.4.2 Timber and non-timber forest production
Global adoption of sustainable forest management is required to meet
timber needs. The role of communities as environmental stewards will be particularly
important.
Sustainable forest management (SFM) aims to maintain and enhance the economic, social
and environmental values of all types of forests, for the beneﬁt of present and future
generations.15 The potential beneﬁts of SFM are considerable: simultaneously contributing to adaptation (through maintaining resilient ecosystems), climate change mitigation and poverty reduction.
A study commissioned for this Review concluded that the impact of deforestation
on carbon stocks is often an indicator of damage to other ecosystem services, and so
forest management to minimise carbon emissions may also maintain many other forest
ecosystem beneﬁts. The practices that minimally disturb, replace or maintain the original

15 United Nations Economic and Social Council (2007)
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structure of primary tropical forests tend to be those that are most likely to be sustainable
in the long term. Examples include agroforestry, reduced impact logging (which can lead
to a gain of as much as 50 per cent in the ‘carbon stocks’ from remaining vegetation)16,
conservation and regeneration/rehabilitation. However, the long-term sustainability of
these activities will depend heavily on forest planning, monitoring and adaptive management strategies to ensure the successful maintenance of the ecosystem services.17
Plantations can also be used to meet demand for wood. Planting extensive
monocultures of non-native tree species can increase carbon stocks while providing little
support for local biodiversity, so the impact on ecosystem services will again depend on
the planning and management techniques used.18
Sustainable forest management is a stated national policy objective of many forest
nations, but achieved by relatively few. Less than 5 per cent of global tropical forest area
is considered to be sustainably managed.19 Investment in forestry has mostly taken a
short-term perspective. Companies and communities exploiting forests need to see the
economic returns from SFM for it to become widely viable.
Community forest management is a model for SFM which recognises forest communities’ comparative advantage as environmental stewards and their strengthening
political voice.20 There is evidence that community forest management, where
successfully applied, has reduced deforestation, generated more sustainable income
streams for communities and contributed to the acquisition of technical skills. In some
cases it has also led to greater transparency in decision-making.21
Communities may face particular entry barriers to playing their part in SFM however.
Policies and subsidy schemes to encourage SFM have usually been designed with large
formal industry in mind. Regulatory frameworks are often slow and costly to negotiate.22
Many communities also need considerable and long-term technical, management and
administrative support to take advantage of community forest mechanisms.23
Box 4.2 describes two community forest management set-ups that the Review Team
noted in Brazil and the Congo Basin.
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Box 4.2: Community forest management: two examples
Projeto Ambé, National Forest of Tapajós, Santarém, State of Pará, Brazil
The National Forest of Tapajós comprises 600,000 hectares of forests on the right margin
of the Tapajós river in the region of Santarám, State of Pará. In 2006, Projeto Ambé, an
initiative on sustainable community forestry on 32,000 hectares of the National Forest,
began with support from PPG7 (Pilot Program to Conserve Brazilian Rainforest). This
is the largest initiative in Brazil on community forestry. COOMFLONA (Cooperativa
Mista Flona Tapajós Verde), a cooperative involving 132 families from communities
in the National Forest of Tapajós, organises the project. In 2007, timber harvest in
400 ha of forests produced about 5,000m3 of timber, from 60 different species. COOMFLONA sold the timber, investing 50 per cent in the 2008 production and 15 per
cent in community projects within the National Forest; 20 per cent was shared among
cooperative partners; 10 per cent was destined to a reserve fund and 5 per cent to
a fund for technical, educational and social assistance. In 2008, 13,497m3 of timber has
been produced by communities. An auction of timber took place in September 2008.
At the time of going to press, communities expected to sell the whole set of timber for
R$3.1 million (around $2 million).
Congo Basin – sustainable timber harvesting
The Review Team saw an example of sustainable timber production in the Congo Basin
where an international non-governmental organisation had provided up-front costs
and produced the plan required to obtain a community logging licence. The community was allowed to harvest 1400m3 of timber per year, but had only achieved 40m3 in
its best year. The economic contribution was small and ownership of the scheme was
limited. This failure to reach its potential was a result of bureaucratic obstacles (it had
to reapply every year for a logging licence, and this was delayed for several months),
and a lack of equipment and expertise.
Several interlocutors the Review Team met warned against a too simplistic understanding of ‘community’. There is rarely homogeneity between or within communities, and they may neither be organised nor have an agreed representative to
engage with external processes and organisations. Thus, although the potential
for community forest management in reinforcing communities’ rights, improving
livelihoods and contributing to climate change mitigation is clear, it is by no means a
quick ﬁx.
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4.5

Infrastructure and alternative employment

4.5.1

Infrastructure expansion and other industries

Infrastructure expansion needs to be managed in a way that minimises environmental
impacts and beneﬁts local populations. Partnerships between companies and communities could help make this happen.
Avoiding negative environmental impacts from infrastructure expansion requires that
climate change, deforestation and livelihoods considerations are mainstreamed into
national growth and development strategies. The rigorous application of environmental
and social impact assessments to all major policy developments, particularly road building,
will be a key means for governments to expose the inevitable trade-offs between different
policy objectives, make decisions in the full knowledge of the likely impact on deforestation and rural livelihoods, and put in place mitigation strategies where necessary.
Companies establishing new infrastructure can work with government and communities to ensure they make a net positive contribution to reducing emissions, promoting
local livelihoods and enhancing other ecosystem services.
For example, Conservation International’s guide to responsible large-scale mining,
Lightening the Lode, suggests how mining companies could provide ‘ﬁnancial or in-kind
support for management of the national park system, support for research scientists,
participation in the creation and management of a new local protected area or indigenous reserve, or contributions to local governmental or non-governmental conservation
and community development programs’.24
These types of partnership are relevant for all activities where industrial production could threaten forests and communities if safeguards are not put in place. In the
Northern Republic of Congo, for example, the Wildlife Conservation Society is working
with logging company Congolaise Industrielle des Bois (CIB) to put in place more sustainable practices and ensure that local biodiversity is protected in areas around the logging
concession.25 The Nature Conservancy (TNC) is working with 210 soy farmers to help
them develop environmentally sustainable practices that conform to Brazilian environmental legislation. TNC estimates that this programme has the potential to conserve
nearly 1.2 million acres of tropical forest.26 Full evaluation of the impacts of these
types of programmes, including of the extent to which they can provide beneﬁts for
companies and communities, will be critical to feed into the development of future partnership programmes.

4.5.2 Promotion of off-farm employment
The promotion of off-farm employment opportunities, as part of a broader economic
strategy, could help reduce deforestation.
As demand for agriculture and timber products continues to grow, the need for labour
to produce them will continue. In some areas, however, deforestation from subsistence
24 Sweeting and Clark (2000)
25 www.itto.or.jp
26 www.tnc.org

4. Sustainable production and poverty reduction

59

farming may occur through a lack of alternative livelihoods for those living in and near
forests. In such areas the promotion of industries generating off-farm employment opportunities may help to reduce deforestation. What is possible and appropriate will depend
on the development trajectory of countries and regions, and will form part of a broader
strategy. Increases in agricultural productivity may be a pre-condition for the generation
of off-farm opportunities, for example. Box 4.3 describes one vision of the development
of technology centres in the Amazon, which could drive growth and reduce pressure on
Brazil’s rainforests.

Box 4.3: A scientiﬁc and technological revolution for the
Brazilian Amazon
A number of proposals have been put forward for shifting regional economies from
land use to service sectors. Below are extracts of an article setting out one vision for the
development of technology centres in the Amazon.
…Science and technology must play a key role in sustainable development of the Amazon,
considering the pressing necessity of new knowledge to fully develop the productive chains,
starting with biodiversity and for valorising environmental services of ecosystems. It has thus
become vital to develop a real scientiﬁc and technological revolution for the Amazon, a revolution held as the central and strategic priority of the regional development policy and that
may possibly represent the greatest challenge to be faced by the Brazilian scientiﬁc community for the next thirty years….
Technological capacity building has proved to be a fundamental tool to maintain the
emerging economies of sizeable developing countries such as China, India and Brazil. Over
the last ﬁfty years, Brazil has been capable of creating islands of excellence in science and
technology, which are more similar to those of developed countries than those of lower or
middle income. However, historical regional inequalities, especially those in education, have
created impediments drastically limiting intensive use of science and technology for the economies and social development of the poorer, less favoured regions, including the Amazon
and the Brazilian Northeast….
A new vision of science and technology is imperative. Among other general conditions, such
as the improvement of basic education, it is essential to create a network of new institutions
for higher learning, post-graduation, basic research and advanced technology with speciﬁc
focus on both the forest and the aquatic resources. These institutions should be created so as
to radically decentralize science and technology throughout the vast Amazon, maximizing
the diversity and the potential of its sub-regions. Such an innovative network of science and
technology should include ﬁve or six new technological institutions, grouping together from
500 to 600 faculty, researchers, engineers and technicians in each one, thereby multiplying
the number of active researchers in the Amazon by three or four. In addition, these institutions – connected to a network of associated laboratories reaching every distant corner of
the Amazon and interconnected by cutting-edge information technology – would serve as
regional poles of this new technological development model….
What the Amazon needs is many of these Amazon Technological Institutes to seed an
innovative industrial model for that region. These institutes should be involved with the
development and value aggregation in the entire productive chain of dozens of products
from the Amazon, from bioprospecting, product development to commercialization and
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global marketing. Although it may seem a simplistic recipe for regional development, no
tropical country has ever adopted it on a large scale. Cutting-edge technology would make
it possible for some institutions to develop sophisticated research in biotechnology and nanoscience applied to biomimicry, that is, learning about the way complex biological systems
ﬁnd answers on a nanomolecular scale, to be reproduced in practical applications, a new
scientiﬁc area to be explored for the tropical ecosystems.
Source: Nobre (2008)

4.6

Forest conservation

This chapter has looked at how commodities whose production is currently leading to
deforestation can be produced in a more sustainable way. Putting a value on carbon has
been identiﬁed as an essential incentive. Valuing the forest carbon externality (discussed
in more detail in section 4.7) will also create further demand for activity which has the
primary objective of preserving forests, in addition to the existing objectives of preserving
landscape beauty, protecting biodiversity and promoting tourism.
This section examines two policy options for achieving this objective and assesses
them in the light of the same aspects of sustainability as the production methods
discussed previously.

4.6.1 Protected areas
Protected areas are likely to have a signiﬁcant role in preserving global forests, but their
design and management require the full participation of affected communities.
In theory, this traditional conservation model leaves forests almost entirely intact and is
the most effective way to conserve forest carbon and the biodiversity and other ecosystem
services they provide. Many protected areas also incorporate peripheral zones where
managed economic activity can take place.
Evidence of their social impacts is mixed.27 They can generate additional income from
tourism, create employment in the form of park rangers and improve local environmental services such as water. However the potential for high levels of carbon ﬁnance
from protected areas has prompted fears of a militaristic approach to mass forest management for carbon, potentially increasing the marginalisation of vulnerable populations.28
Stringent restriction of human activity within some protected area boundaries can cause
harm when communities are displaced or lose access to forest products they depend on
or to land which has cultural/social value.29 Income from tourism often does not reach
the poorest and employment generated within protected areas is generally less than for
other land uses.30
Overall, protected areas have a signiﬁcant role in preserving global forests, but their
design and management require the full participation of affected communities, and the
challenges of ensuring sustainable livelihoods in and around parks should not be under-

27
28
29
30

Scherl et al (2004)
Grifﬁths (2007)
Smith and Scherr (2003)
Peskett et al (2008)
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estimated. Box 4.4 describes a protected area programme in Indonesia and the methods
it has established for resolving conﬂicts over land.

Box 4.4: Burung Indonesia – rural nature conservation
agreements and participatory boundary demarcation
The Review Team met representatives of Burung Indonesia (BirdLife Indonesia), which
works to:
s provide support for improved planning and management of important sites, species
and habitats;
s introduce and advocate new ideas for integrating biodiversity conservation into
planning and policy, for example through collaborative management and sustainable use of natural resources;
s stimulate greater public interest in birds and biodiversity conservation;
s develop improved management capacity;
s provide information on biodiversity and protected areas to planners, policy-makers
and other interest groups.
Burung Indonesia has developed a participatory process for villages surrounding the
Manupeu-Tanadaru National Park on Sumba Island, Karakelang Wildlife Sanctuary on
Karakelang Island and Sahendaruman Protection Forest on Sangihe Island.
The Rural Nature Conservation Agreement (RNCA) is a participatory agreement
between government and communities within or adjacent to protected forests. The aim
is to support the conservation and sustainable management of forest areas based upon
traditional rules and norms of resource use. All stakeholders are brought into the process
to reach agreements that are accepted by all involved. The ﬁnal document typically
consists of several agreements on how to solve problems such as addressing forest ﬁres,
protecting forest resources and the use of water sources such as springs.
After the RNCA is reached, the ﬁrst step is to implement the agreement through
participatory boundary demarcation. The process results in agreement over the
protected area boundary. In the Manupeu-Tanadaru National Park, Sumba, 270,860km
of boundary has been agreed through facilitating the process with 18 villages.

4.6.2 Payment for ecosystem services
Payments for ecosystem services could provide a complementary income stream to that
generated by some of the sustainable production methods described above.
A payment for ecosystem (or environmental) services (PES) is a transaction in which
units of environmental service (ES), or a form of land use likely to secure that service, is
bought by at least one ES buyer from a minimum of one ES provider if and only if the
provider continues to supply that service (conditionality).31

31 www.cifor.cgiar.org/pes/_ref/about.index.htm
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Payments can be for carbon and/or non-carbon ecosystem services. There are several
large-scale PES schemes already in operation. Costa Rica hosts a national programme
which rewards forest landholders for carbon sequestration, watershed protection, biodiversity conservation and the preservation of landscape beauty. Participants receive
around $45 a hectare. The system is managed by FONAFIFO, a government agency.
China’s sloping land programmes pays farmers to replant trees on sloping land to prevent
sedimentation, a potential; cause of ﬂooding in the Yangtze.32
Chomitz describes the challenges of meeting equity and efﬁciency criteria through
such schemes. Efﬁciency requires that only the most at risk forest is targeted, but the
political viability of the scheme may depend on beneﬁts being spread more widely.
Logistical and administrative challenges are also considerable, and transaction costs in
managing contracts can be high. Small landholders are underrepresented in the Costa
Rica programme because it is cheaper to enrol large properties.33 The establishment of
PES schemes can help strengthen local institutions, but increasing land value can also
exacerbate conﬂict and elite capture in less stable areas.34
The sustainability of pure PES schemes (and a large expansion of the protected area
model) is questionable given their reliance on external ﬁnance, leading to concerns about
the emergence of ‘carbon dependency’. Leaving rainforests intact generates considerably
less meaningful employment, for example, than other land uses. PES may be most appropriate as a complement to some of the production methods described above that extract
value from land in a sustainable way.

4.7

Key levers for shifting to more
sustainable production

Three key levers can help make the shift from deforestation to more sustainable policies
and practices: valuing carbon and other services that forests provide; shifting policy
incentives to more sustainable and efﬁcient production practices; and using demandside measures to support sustainable production.
These levers can operate at different levels – globally, nationally and locally. Putting
a value on carbon is principally the responsibility of the international community as
a key element of a new deal on climate change. The governance reforms required to
shift policy incentives towards sustainable production will in large part be the responsibility of sovereign forest nations. Consumer countries, regional blocs and international
agreements have a further role in putting in place demand-side measures to assist the
shift. This section describes the need for, and operation of, these types of lever in more
detail.

32 Chomitz (2006)
33 Zbinden and Lee (2004)
34 Peskett et al (2008)
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Valuing carbon and other ecosystem services

The ecosystem services provided by forests, including forest carbon storage and sequestration, need to be valued.
We saw in Chapter 3 how it is often currently more lucrative to deforest and sell the
resulting timber and agricultural produce than to leave forests standing. This is not
because forests have no value in themselves, but because the costs of the deforestation
are not reﬂected in the price of the timber or agricultural produce. The costs of deforestation can therefore be described as externalities (see Figure 4.3). This constitutes a market
failure: the market will supply more timber and agricultural produce from deforested
land than is efﬁcient. If the costs of deforestation were factored into the price of products,
their production would tend to shift to other land where they could be grown without
deforestation.
Figure 4.3: Deforestation externalities: the current and true prices of products from
deforested land

Current
price of
products
Price if the loss
of carbon services
were included
Price if the loss of
other ecosystem services
were included

What is the magnitude of this externality? Forests provide many ‘ecosystem services’. The
storage and sequestration of carbon is just one of many. It has been estimated that the cost
of forest ecosystems currently lost in just one year amounts to 1.35-3.1 trillion,35 which is
a huge ﬁgure and very much larger than proﬁts to be made from the deforested land.
There are a number of ways in which such externalities could be tackled, including:
35 Braat and Ten Brink (2008) Net present value over 50 years. The lower ﬁgure uses a 4 per cent
discount rate; the higher ﬁgure uses a 1 per cent discount rate.
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s regulation – a ban on deforestation or a ban on growing, selling or purchasing of products that have been produced from deforested land;
s tax – a tax on deforestation or on the growing, selling or purchasing of products that
have been produced from deforested land;
s cap and trade – focusing on forest carbon services, under which forest owners could be
given allowances to emit only up to a limited amount of carbon through deforestation
and degradation.
All of these options could form effective policies for reducing the loss of forest carbon
and other ecosystem services. But they all require that forest nations have the will and
capacity to adopt and implement them. This is currently not the case, not least because
the externalities are global externalities (ie, the whole world’s population suffers from the
loss of forests) whereas the proﬁts to be made from deforestation accrue to individuals
and government within the forest nation in question.
So, in order to pursue such policies, the governments of forest nations need ﬁrst to be
incentivised by the international community to bear down on deforestation. This is the
central issue tackled by this Review. The options for addresing the externality of forest
carbon will be analysed in more detail in Chapter 6.

4.7.2

Policy incentives for sustainable production practices

The policy and regulatory environment in forest nations needs to provide the right
incentives to producers to make the shift to sustainable production.
Chapter 3 outlined the ways in which the governance framework in forest nations contributes to continued high rates of deforestation. The policy and regulatory environment
in many forest nations will need to be reformed to take advantage of an international
system of ﬁnancial incentive and in recognition of the forest carbon externality. Appropriate laws, policies and programmes will be required to channel the ﬁnancial incentive offered into the kind of sustainable production methods described above. Successful
implementation of these policies is also likely to require a major capacity building effort
for state and non-state institutions and actors. Chapter 12 looks in detail at the options
forest nations have for accessing the global ﬁnancial incentives for making the shift to
sustainable production and preserving forests.

4.7.3

Demand-side measures in consumer countries

Demand-side policies in consumer countries, including preferential procurement of
certiﬁed products as well as effective biofuels sustainability criteria that include the
indirect effects of land use change, can also support the shift to sustainable practices.
A forest carbon value channelled through an appropriate national governance
framework will provide an economic incentive for a shift towards more sustainable production methods. Demand-side measures in consumer countries (developed
countries and emerging economies such as India and China) can also have a
signiﬁcant role in incentivising the shift to sustainable production, particularly in the
short to medium term as new climate change mechanisms bed down.
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Demand-side measures can help drive policy change, promote international cooperation on research and technology transfer, promote co-beneﬁts, stimulate markets, and
establish internationally agreed standards on what constitutes sustainability. This section
looks at the role of legality assurance, sustainability standards and certiﬁcation; public
awareness; and the potential for reducing demand in some areas.
Legality assurance means developing systems that can ensure timber comes from legal
sources. Where governance is weak, legality assurance is a more feasible way of improving
the quality of forest management than certiﬁcation. States would ﬁnd it an easier option
to deliver in the short term, as well as it acting as a stepping stone to sustainable production in the longer term.36 Figure 4.4 describes the main differences between veriﬁcation
and certiﬁcation.
A major legality assurance initiative underway is the EU’s Forest Law Enforcement,
Governance and Trade (FLEGT) Action Plan. This blends measures in producer and
consumer countries to facilitate trade in legal timber and eliminate illegal timber from
trade with the EU. The Action Plan sets out a range of measures including support to
timber producing countries; activities to promote trade in legal timber; public procurement policies; and support for private-sector initiatives to promote corporate social
responsibility. Voluntary Partnership Agreements (VPAs) commit both parties to develop
systems for licensing legally produced timber from FLEGT partner countries and ensuring
that only this timber is then allowed into the single EU market.
FLEGT explicitly recognises that some partner countries will require signiﬁcant support
to meet the requirements of the VPA, and that this technically and politically complex
process may take some years of consistent and committed investments of time and technical expertise.37 But engagement by rainforest nations in legality assurance schemes
will be crucial to reducing deforestation, and the capacity they build in processes such
as establishing legal clarity, broad stakeholder consultation and independent monitoring
will be highly relevant when it comes to implementing wider measures. Rapidly growing
economies such as China and India are an increasing source of demand for timber (often
for processing and export to EU markets) and their active promotion of legality assurance
would be a major contribution to international efforts to reduce deforestation.
Figure 4.4: Differences between veriﬁcation and certiﬁcation
Certiﬁcation
Voluntary private sector initiative

Veriﬁcation
Statutory government initiative

Global in scope and practice, but most
advanced in the north

Global in scope, but in practice focuses
on high risk countries

Aims at broad concept of sustainable
forest management

Aims to achieve legal compliance with
overall improved forest governance

36 www.verifor.org
37 Saunders et al (2008)
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Sustainability certiﬁcation aims to promote sustainable forest management, and add value for
those who practise it. Preferential procurement of certiﬁed products from major importers
can work with a carbon price to drive the adoption of sustainable production methods.
Certiﬁcation through standards such as Forest Stewardship Council (FSC) and national
standards such as Brazil’s CERFLOR promotes broader high standards of environmentally
and socially sustainable management than basic legality veriﬁcation. Box 4.5 describes the
operations of one FSC certiﬁed logging company in Brazil.
Standards are also being developed to cover agricultural products, given increasing
awareness of the GHG emissions from land use change. Sustainabilty criteria for biofuels
used by suppliers to meet their targets under the Renewable Fuels and Fuel Quality Directives are currently being agreed by the EU. To be effective, it is essential that these criteria
take into account indirect land use change impacts, ie the potential displacement of agriculture onto forest lands caused by increased production of biofuels.
Governments have an important role in driving markets for legal and sustainable
timber, as recognised in the FLEGT Action Plan. In the UK, consumption of timber by
central government is thought to account for 10 per cent of the market, rising to 40 per
cent when wider public-sector purchasing is taken into account. But the inﬂuence of
responsible purchasing by governments can be even wider. The private sector frequently
looks to government to lead by example, adopting similar responsible purchasing policies as part of its broader Corporate Social Responsibility commitments. The timber trade
in the UK has changed its practices signiﬁcantly to meet the requirements of the central
government timber policy; other consumers have beneﬁted by proxy from this demand,
and the market share of veriﬁed legal and sustainable timber has increased.
Forest certiﬁcation has proved challenging in natural tropical rainforests (rather than
plantations) and in situations of weak forest governance, particularly in parts of Africa.38
Furthermore, despite the development of standards designed for small-scale producers,
small and community-based enterprises have found certiﬁcation prohibitively expensive
and complicated. Linking certiﬁcation, of agricultural products as well as forests, to international carbon ﬁnance may make it more viable for a wider range of producers.

Box 4.5: Cikel Brasil Verde Madeiras Ltda, Rio Capim Farm
The Review Team visited the FSC certiﬁed Cikel timber company in Brazil. Cikel produces
a range of wooden ﬂooring products. Eighty-ﬁve per cent of their products is exported,
since there is low domestic demand for FSC products
Sustainable forest management for Cikel means:
s it is audited annually to retain certiﬁcation (requiring multi-annual visits for the ﬁrst
3 years);
s cut timber is tagged for traceability;
s extraction damage assessments, forest inventories and biodiversity inventories are
carried out in the six-month rainy season during which logging ceases;

38

www.verifor.org
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s it practises silviculture on a 35-year cycle, so 1/35th of its forest area is logged each
year (in Rio Capim it is 4000ha) with around three to ﬁve trees taken from each ha
producing 13-20m3;
s it also reforests pasture (6000ha at Rio Capim) using native species such as mahogany
which can be harvested after seven years and helps subsidise RIL of natural forest.
Acquiring certiﬁcation from the FSC incurred up-front and additional running costs for
Cikel, but it has brought with it the following advantages:
s fewer accidents;
s access to more proﬁtable markets;
s more efﬁcient process;
s a 75 per cent reduction of illegal logging;
s fewer invasions (land grabs).
Cikel is working with research institutes, communities and NGOs to increase the success
of SFM by:
s working with the Tropical Forest Foundation to provide training for its forest technicians and help aid domestic education about SFM;
s linking with a university to investigate the feasibility of up to eight species
plantations;
s supporting a successful study showing that removal of residuals (wood left after
logging) increased regeneration and biodiversity and is proﬁtable as a source for a
charcoal industry that runs all year round on its site in Rio Capim;
s providing a school for the community.
Public awareness about the environmental impacts of producing wood and agricultural
products is low. The role of the public in putting pressure on major procurers to insist on
sustainable methods is an important one. In early 2008, for example, Staples cancelled
contracts with Asia Pulp and Paper, one of the world’s largest paper companies, because
of what Staples called “their clear lack of progress in improving their environmental
performance” in particular in relation to forest clearance in Indonesia.39 Investment in
public awareness campaigns and labelling relating to standards and certiﬁcation could
therefore add further pressure to make the shift to sustainability happen.
It is largely undesirable and impracticable to attempt to cut demand for agricultural
and forest products, but the Review has identiﬁed two areas where demand reduction
measures may be possible:
s Gallagher40 proposes a slowing in the rate of biofuels expansion and a revision of the
trajectories implied by current targets for their use in transport fuels. Biofuels targets
(such as the EU Renewable Energy Directive) should be kept under review and modiﬁed as further evidence emerges of what constitutes a sustainable level of demand.

39 Bloomberg News (2008)
40 Gallagher (2008)
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s Demand for fuelwood could be reduced by up to 70 per cent through the use of efﬁcient woodburners.41

4.8

Conclusion

Increasing demand for commodities from a ﬁnite amount of land means that a stepchange in the way agricultural and forest products are produced is essential. Shifting
global production onto a more sustainable footing not only means reducing carbon emissions from land use, but could also make a major contribution to poverty reduction and
the protection of non-carbon ecosystem services such as biodiversity and water systems.
International and national actors have a role to play in making this happen. The international community needs to put in place a system of ﬁnancial incentives that reﬂects
the global public good provided by the carbon storage and sequestration of forests. At the
same time, forest nations will need to make the necessary governance reforms to ensure
that these incentives have an impact on the ground, while consumers and consumercountry governments can aid the shift through preferences and demand-side policies.
The following chapter examines the cost of valuing carbon in more detail to understand
the ﬁnancial scale of the international challenge to shift to more sustainable production.
Parts II, III and IV of this Review then go on to set out the principles of an international
climate change framework that aims to meet the costs of mitigation.

41 www.hedon.org
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Key messages
The forest sector has signiﬁcant potential for low-cost abatement. Realising this potential
will incur opportunity costs (foregone proﬁts from timber and agricultural commodity
sales) as well as forest protection policy and administration costs. Some of these latter
costs will need to be borne up front, while others will be ongoing.
Where the costs to a forest nation of conserving its forests outweigh the beneﬁts, the
international community should support forest nations in covering the shortfall given
that the world as a whole beneﬁts from reduced climate change damages.
This Review estimates that the ﬁnance required to halve emissions from the forest
sector to 2030 could be between $17-33 billion per year if forests are included in global
carbon trading. These results are based on various estimates from the literature and
from modelling commissioned by this Review.
Risk modelling commissioned for this Review provides new evidence of the beneﬁts of
taking ﬁrm action to reduce forest emissions. Reducing deforestation rates signiﬁcantly
will require substantial ﬁnance. Nonetheless, the net beneﬁts of halving deforestation
could amount to $3.7 trillion over the long term (net present value). This is based on
the global savings from reduced climate change minus the costs involved. The beneﬁts
would be even greater if deeper cuts to forest emissions were made or the preservation
of other ecosystem services was taken into account.
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5.1

Introduction

The previous chapter described how, in order to reduce (mitigate) forest emissions, forest
nations will need to implement policies to bear down on deforestation. It also described
how emissions from deforestation are part of the larger global challenge of reducing
greenhouse gas emissions, from which the international community as a whole will
beneﬁt. This places a responsibility on the international community at large to support
forest nations with ﬁnance to fund and implement mitigation policies.
This chapter looks at the different costs and transfers involved in mitigating forest
carbon emissions through incentivising and bringing about more sustainable timber and
agricultural production. It sets out the results of modelling commissioned by this Review
to quantify the costs and also the beneﬁts of taking action to lower forest emissions.

5.2

Up-front and ongoing mitigation costs

The forest sector has signiﬁcant potential for low-cost abatement. Realising this potential
will incur opportunity costs (foregone proﬁts from timber and agricultural commodity
sales) as well as forest protection policy and administration costs. Some of these latter
costs will need to be borne up front, while others will be ongoing.
Where the costs to a forest nation of conserving its forests outweigh the beneﬁts, the
international community should support forest nations in covering the shortfall given
that the world as a whole beneﬁts from reduced climate change damages.
The mitigation costs of reducing forest emissions can ﬁrst be sub-divided into two categories relating to the timeframe in which they will need to be incurred (see Figure 5.1
below):
a) Up-front capacity-building costs. These include the cost of building measuring
and monitoring capacity so that an emissions reduction (or increase) can be accurately recorded, not least to permit a forest nation to claim a corresponding quantity
of forest credits. Chapter 10 estimates that these costs will be around $50 million in
the ﬁrst year for a total of 25 forest nations (the running costs are given in Section 5.3
below). This cost category also covers the building up of governance capacity to enable
forest nations to adopt and implement effective policies to reduce forest emissions. In
Chapter 13 we report on work commissioned for this Review, which estimates these
costs at up to $4 billion over ﬁve years for a total of 40 forest nations.
b) Ongoing emissions reduction costs. These cover the income foregone from
avoided deforestation (opportunity costs) and the costs involved in adopting and
implementing forest emissions reduction policies, including ongoing monitoring
costs (forest protection costs). Both of these categories are further described below.
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Figure 5.1: Mitigation cost categories for reducing forest emissions

Mitigation costs

Up-front capacity
building costs

Ongoing emissions
reduction costs

Opportunity
costs

Forest protection
costs

Forest nations will act to reduce forest emissions if they perceive that the beneﬁts to
them of acting are greater than the costs. The different types of cost that will need to be
incurred have already been set out. The beneﬁts for the forest nation will include receipt
of payments for resulting forest credits as well as the further beneﬁts resulting from
maintaining forest ecosystem services, such as less ﬂooding or droughts. If the costs to
the forest nation are larger than the beneﬁts, then the international community should
support forest nations in covering the shortfall given that the world as a whole beneﬁts
from reduced climate change damages from forest emissions abatement.

5.3

Ongoing forest emissions reduction costs

As can be seen from Figure 5.1 above, ongoing emissions reduction costs are made up of
two different components:
a) Opportunity costs. The opportunity costs of reduced forest emissions represent,
as their name suggests, the costs of lost proﬁt opportunities from not logging or
converting forest land. The costs represent the proﬁts that could have been made from
sales of timber or of agricultural produce grown on the converted land. In Section
5.4 we report on work commissioned by this Review to provide an estimate of these
costs.
b) Forest protection costs. These are the costs of adopting, implementing and administering policies to reduce forest emissions. Many different policies could be pursued to
protect forest carbon and other ecosystem services, including designation and enforcement of protected areas; taxation of forest land clearance; restricting road building
into forests; and agricultural zoning. Chapter 4 provides more details of the options
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that are available to forest nations for building up a portfolio of emissions reduction
policies. The cost of monitoring emissions over time can also be included in this forest
protection costs category. Chapter 10 reports on work commissioned for this Review,
which estimates that for 25 countries the total recurring monitoring cost could be
between $7-17 million per year.
The costs involved in administering forest protection policies (sometimes referred to
as transaction costs) are substantial in their own right and should also be included
within the forest protection costs category. A background paper commissioned for
this Review estimates that the global administration, or transaction, costs involved in
halving deforestation through the use of payments to forest landholders would amount
to $233-$500 million per year, based on experience with payment for environmental
service (PES) schemes in Latin America.1 And an existing study examined the transaction costs involved in 11 moderately large forest carbon projects.2 The mean transaction cost for producing the voluntary carbon credits generated was $0.38/tCO2. The
larger projects beneﬁted from lower costs due to economies of scale. This study also
showed that most types of forest project transaction cost (except for monitoring and
veriﬁcation) were on average lower than for other types of carbon mitigation project.
The forest protection costs for reducing forest emissions in any given nation will vary
depending on the portfolio of policies that it chooses to pursue. For this reason, we do
not attempt to give a cost estimate for global forest protection policies in this Review,
although they should be borne in mind. Some protection policies (for example, a moratorium on building roads into forests) will be cheaper to ﬁnance than others. Each different
potential policy will have wider implications for the forest nation in question and it is for
that nation to determine which policies best suit its particular circumstances.

5.4

Estimating the opportunity costs of avoided
deforestation

The opportunity cost of avoided deforestation is easier to estimate than forest protection costs. Opportunity cost modelling assumes that to avoid deforestation, the forest
landholder would need to receive a similar payment to that obtainable from deforesting
and selling off the timber and agricultural products from the converted land. As the sale
price and costs of production vary between different commodities and the regions in
which they are produced (see Chapter 3), so too will the cost of the foregone opportunity
to proﬁt from their production. This is illustrated by a marginal abatement cost curve
(MACC) for reduced forest emissions, which shows how cheap forest abatement opportunities become exhausted as greater emissions reductions are made (see Box 5.1).

1
2

Grieg-Gran (2008)
Antinori and Sathaye (2007)
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Box 5.1: Marginal abatement cost curves (MACCs) for reduced
forest emissions
A marginal abatement cost curve traces out, for a given point in time, the cost of the
last unit of abatement (see Figure A). It is derived by plotting, for a given year, the
amount of abatement occurring in forest nations for any given carbon price. The MACC
can be thought of as an abatement supply curve that displays the level of abatement
achieved in the forest sector for any given carbon price.
Figure A: Marginal abatement cost curve for global forest abatement in a given year
Potential forest emissions abatement is initially relatively cheap.

carbon price

marginal
abatement
cost curve

decrease in forest emissions

This abatement consists of avoiding forest conversion to the lowest land-use returns,
such as subsistence agriculture in Africa and small-scale beef farming in South America.
This lowest cost abatement is represented by the area under the left-hand side of the
curve in Figure A. It should be noted, however, that where the opportunity cost is low
the forest protection costs could be disproportionally high (as there might be particularly low governance capacity).
As one follows the curve to the top right-hand side, it becomes increasingly expensive to supply an extra unit of forest abatement. It is here that the highest land use
returns foregone (such as large-scale oil palm plantations in South East Asia) have to be
compensated.
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This Review commissioned as a background paper3 an update of the opportunity cost
estimate for avoided deforestation produced for the Stern Review.4 This work takes a
bottom-up approach, using the following steps:
a) establish the area of forest required to be maintained;
b) assess the likely alternative use of the forest land that is to be maintained;
c) consider current (and where possible forecasts of) commodity prices (see Chapter 3 for
a discussion of commodity prices);
d) estimate the net present value of future income streams that could be made from
converting forest land to its different uses (using a discount rate);
e) multiply the net present values by the area of forest to be protected from conversion
to each use.
The land-use returns that are foregone if deforestation is halted completely were
calculated for eight countries, which together represent 46 per cent of global deforestation. It was assumed that the area in question is conserved over a 30-year period. For
the most likely scenario (taking into account legal, practical and market constraints on
logging), the opportunity cost for roughly halving global deforestation was estimated at
around $7 billion per year. This estimate is higher than the $5 billion estimated for the
Stern Review because of rises in agricultural commodity prices over the last two years.
The commodities that give the highest land-use returns, such as oil palm, were particularly inﬂuential in inﬂating the cost.
This result is broadly consistent with other recent bottom-up opportunity cost calculations. In 2007, an estimate was prepared for the UNFCCC Secretariat of the opportunity
cost of reducing forest emissions to zero by 2030.5 It found that a minimum investment
of $12.2 billion per year would be needed, and that an average carbon price of $2.8/tCO2
would reduce forest emissions by 65 per cent.
Several major assumptions behind most opportunity cost modelling, including the
modelling that produced the $7 billion ﬁgure, should be noted. Most importantly, the
$7 billion represents the amount that authorities administering payments to landholders
would incur if they could target them and pay different rates according to individual
opportunity costs. In practice, such price discrimination is unlikely to be feasible (and
could also be regarded as inequitable).
Other assumptions included in the modelling are that:
s the areas most at risk from deforestation can be accurately identiﬁed and targeted,
ensuring 100 per cent additionality – this is unlikely in practice, which could mean
that the $7 billion ﬁgure is an underestimate;
s leakage does not occur – this is unlikely to be achievable in practice, which could also
mean that the $7 billion ﬁgure is an underestimate;
s landholders derive no beneﬁt from standing forests, which is not the case in practice.
For example, forest foodstuffs can be sustainably harvested and sold for proﬁt or used
for subsistence. This could mean that the $7 billion ﬁgure is an overestimate as the net
ﬁnancial beneﬁt of converting the forest to an alternative use would be lower.
3
4
5

Grieg-Gran (2008)
Stern Review (2007)
Blaser et al (2008)
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Estimating the costs of purchasing forest
emissions abatement

This Review estimates that the ﬁnance required to halve emissions from the forest
sector to 2030 could be between $17-33 billion per year if forests are included in global
carbon trading. These results are based on various estimates from the literature and
from modelling commissioned by this Review.
This Review recommends that in the transition to a comprehensive global cap and trade
system, non-Annex I forest nations should have the right to generate and sell credits
representing reductions in emissions (see Chapters 8 and 9). This section looks at the
question of how much it could cost Annex I countries and companies to purchase forest
emissions abatement from forest nations in the form of forest credits sold on the international credits market.
Some of the world’s leading experts on mitigation cost modelling in the forest sector
published a paper in 2008 setting out the results of three different global land use and
management models.6 These models were used to estimate the cost of purchasing credits
from an open carbon market to realise part of the world’s total forest abatement potential.
The results of the modelling included a range for the average annual costs for halving
global forest emissions between 2005 and 2030: $17.2-28.0 billion per year.
This Review commissioned runs from two of the three models featured in the paper
(the IIASA model cluster and GCOMAP).7 The model runs for this Review used updated
input data and included some improvements to the models themselves. Further details of
the modelling are contained in two background papers to this Review.8 In broad terms,
the modelling used the following steps to determine a series of MACCs:
a) future deforestation emissions are projected under a business as usual scenario, using
various economic and forest biomass assumptions. This constitutes the baseline (where
forest carbon is worth $0 per ton CO2);
b) the costs of carbon storage resulting from avoided deforestation are calculated, using
further land use and management simulations with carbon prices between $0 and
$100 per ton CO2 ;
c) carbon emissions are compared between the baseline scenario and those scenarios
where avoided deforestation is compensated.
The models make a number of assumptions in addition to those set out in Section 5.4
above, including about future trends in population, technology and trade. Each model
also makes different emissions projections (due to different assumptions regarding the
number of hectares lost and the biomass content of those hectares of forest).
The MACCs derived from the commissioned modelling were used by this Review to
estimate the cost of purchasing forest credits representing half of global forest abatement
potential to 2030. The average annual cost from the IIASA cluster model MACCs was
$22 billion per year. The ﬁgure from the GCOMAP MACCs was $33 billion per year.9
When combined with the spread of $17.2-28.0 billion reported above, this provides a
6
7
8
9

Kindermann et al (2008)
The remaining model (GTM) was, incidentally, responsible for the lower end of the $17.2-28.0
billion range.
Sathaye et al (2008) and Gusti et al (2008)
The $22 billion and £33 billion ﬁgures translate into average carbon prices of $11 and $15/
tCO2 respectively.
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range of between $17-33 billion per year to 2030 to halve global forest emissions
through carbon trading.
Unlike the $7 billion opportunity cost ﬁgure reported in Section 5.4, these modelling
results cover not only the opportunity cost but also rent. The opportunity cost can be
thought of as simply the cost of supplying forest abatement, which is represented by the
dark green area below the MACC in Figure 5.2. As discussed above, opportunity cost
modelling assumes that landholders are paid at different rates according to the opportunity cost for their particular plot of land. In addition, the estimates of $17-33 billion
include the proﬁts, or rent, received by forest credit sellers who supply their credits below
the marginal cost of the last unit of abatement. In an open credit market, all credits would
tend to be sold at the price where supply and demand for credits are equalised (price p*
in Figure 5.2), despite the fact that the majority of credits would be cheaper than this to
supply. The resulting rent that the forest credit suppliers would receive is shown in the
lighter green shaded area in the ﬁgure. In the $22 billion and $33 billion ﬁgures reported
above, rent constituted $9 billion and $18 billion respectively of the total amounts.
Figure 5.2: MACC highlighting forest abatement supply costs and rent
credit
supply

$

p*

rent

credit
demand

abatement
supply cost
credits

In practice, it may not be possible to purchase a sufﬁcient number of credits via the
open carbon market at its current stage of development (see Chapter 11). If some of the
credits are purchased with non-carbon market ﬁnance, then there are arguments either
way as to whether full rent should be paid. On the one hand, a strong incentive is essential for nations to act to reduce their forest emissions. Many forest nations rank among
the world’s poorest and any rent they did receive might be comparable to development
aid. Rent will tend to be higher in poorer countries where the opportunity costs are
lower. Some would argue that all countries and actors should receive an equitable price
for their services, ie the carbon emissions they reduce, regardless of whether they are
poorer or richer. Furthermore, countries where opportunity costs are the lowest are often
those where the policy, administration and monitoring challenges are greatest.
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On the other hand, it could also be argued that poorer countries would beneﬁt from an
institution that buys credits at a guaranteed minimum purchase price (see Chapter 11).
This could result in lower rents but greater price certainty. Others may argue that it is less
acceptable to pay rent from public funds constituting taxpayer money, particularly where
recipient nations are relatively wealthy and receive signiﬁcant local beneﬁts from forest
conservation. Furthermore, the fact that 84 per cent of the world’s forest land is publicly
owned10 may also have a bearing on this issue. Ultimately, the level of ﬁnancial transfers
to forest nations should be based upon an assessment of the costs and beneﬁts to these
countries of reducing forest emissions, and the extra incentive that the international
community should pay to cover any shortfall.

5.6

The beneﬁts of taking action to reduce
forest emissions

Risk modelling commissioned for this Review provides new evidence of the beneﬁts
of taking ﬁrm action to reduce forest emissions. Reducing deforestation rates significantly will require substantial ﬁnance. Nonetheless, the net beneﬁts of halving
deforestation could amount to $3.7 trillion over the long term (net present value).
This is based on the global savings from reduced climate change minus the costs
involved. The beneﬁts would be even greater if deeper cuts to forest emissions were
made or the preservation of other ecosystem services was taken into account.
This Review commissioned a background paper to estimate the contribution of forest
emissions to climate change impacts and an assessment of the costs and beneﬁts of taking
action to reduce those emissions.11 In Chapter 2 we saw that the damage costs of continued
climate change from the impact of business as usual (BAU) forest emissions from 2010
to 2200 were estimated at around $12 trillion (mean net present value). Using similar
modelling,12 and with Houghton’s deforestation projections,13 a 50 per cent reduction in
forest emissions from BAU was found to reduce the damage costs from climate change
impacts by $5.3 trillion, calculated as a mean net present value (see Figure 5.3a).14
The model was then used to calculate the costs of purchasing forest credits from
halving forest emissions from 2010 to 2200, estimating unit costs from the Kindermann
et al (2008) paper and converting them to an annual payment form. This gave a mean
net present value of around $1.7 trillion (see Figure 5.3b).

10
11
12
13

FAO (2006)
Hope and Castilla-Rubio (2008)
See Chapter 2 for a description of the model’s methodology.
Using these projections in the model, forest emissions drop to zero at 2100 due to the lack of
forest area remaining to be converted.
14 A pure time preference rate of 0-2 per cent was used (most likely value of 1) with an equity
weight of 0.5-2 (most likely value of 1). Using these values gives discount rate ranges for the
various regions modelled of 1-5 per cent.
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Comparing the reduction in damage costs on the one hand and the ﬁnancial costs
of reducing emissions on the other gives a mean net beneﬁt of around $3.7 trillion for halving forest emissions between 2010 and 2200 (see Figure 5.3c). This ﬁgure
is based on various assumptions underpinning the model, which are described in the
background paper. It should be regarded as simply indicative of the likely scale of the net
beneﬁts of reduced deforestation.
Given that the probability distribution of the net beneﬁt has a long upper tail (Figure
5.3c) due to the high costs associated with the more extreme scenarios of climate change
impacts, the ﬁgure could be considerably higher. Nor does the $3.7 trillion ﬁgure include
the beneﬁts of preserving other forest ecosystem services. The damage costs of all forest
ecosystem services (including climate change regulation) lost in just one year have been
estimated elsewhere at ?1.35-3.1 trillion.15
Figure 5.3: Global beneﬁts of reducing forest emissions (mean net present value showing
probability distribution)
(a) Reduction in climate change damage costs from halving forest emissions
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(b) Financial cost of halving forest emissions
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(c) Net beneﬁt of halving forest emissions
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Note: The grey vertical lines represent conﬁdence intervals at 5 and 95 per cent on the probability
distribution.
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The model was also used to investigate the costs and beneﬁts of undertaking more
ambitious cuts in forest emissions. The results show that the more ambitious the cuts, the
greater the net beneﬁt. For example, a 90 per cent reduction in forest emissions led to a
global mean net beneﬁt of $6.3 trillion.
Using different projected forest emissions input data gives net beneﬁt results of
a similar scale. This was shown from further model runs using the IPCC’s SRES A2
projections of forest emissions. The results of these further runs for halving deforestation
were as follows: mean reduction in damage costs of $5.6 trillion; mean cost of halving
emissions, $1.2 trillion; and a mean net beneﬁt of $4.4 trillion. This net beneﬁt is around
20 per cent higher than the net beneﬁt using the Houghton emissions projections.
These results show that the mean net beneﬁt results are quite insensitive to the global
greenhouse gas stabilisation trajectory upon which they are superimposed (see Chapter
2 for more details).

5.7

Conclusion

Forest emissions are part of the larger global challenge of climate change. This places
a responsibility on industrialised nations to support developing countries in reducing
greenhouse gas emissions within their borders. This Review estimates that the ﬁnance
required to halve emissions from the forest sector to 2030 could be around $17-33 billion
per year if forest credits are included in global carbon trading. This represents the cost
of buying half of all global forest emissions abatement potential in the open carbon
market.
Although this cost is large, it is substantially outweighed by the beneﬁts of reducing
the global damage costs from forest emissions-induced climate change. On the basis of
modelling commissioned by the Review, we estimate a mean global net beneﬁt from
halving forest emissions of around $3.7 trillion (net present value). And the more ambitious the cuts the greater the net beneﬁt becomes, rising to around $6.3 trillion when
forest emissions are reduced by 90 per cent.
The following chapters consider the most appropriate long, medium and short-term
funding sources and systems for bringing about the deep cuts in forest emissions that
will be necessary to give the world a realistic chance of preventing an average temperature rise of more than 2°C and avoiding the worst impacts of climate change.

Part II:
Forests and the international
climate change framework:
the long-term goal
International ﬁnance will be key to tackling global deforestation. Part I set out a vision
of sustainable production that leads to reduced forest carbon emissions, better livelihoods for forest communities – some of whom are the poorest in the world – and
protection of biodiversity and other ecosystem services. It also examined the potential
ﬁnancial costs, particularly in the short to medium term, of shifting from inefﬁcient,
unsustainable deforestation to more sustainable agricultural and timber production.
Part II examines the long-term international framework required to reduce emissions from deforestation and forest degradation and to provide incentives for
afforestation, reforestation and restoration in the most effective, efﬁcient and equitable
manner.
Chapter 6 sets out the economic rationale for international collective action and
provides a long-term framework for ﬁnancing reductions in forest carbon emissions. It
concludes that, while various sources of funding should be used in parallel to ﬁnance
forest emissions reductions, a global cap and trade system that fully includes the forest
sector performs best against the criteria of effectiveness, efﬁciency and equity.
Chapter 7 examines the current international framework of carbon targets and trading
under the United Nations Framework Convention on Climate Change. It looks at the
advantages and shortcomings of existing approaches, and examines how far the international community is from a fully functioning global cap and trade system. The chapter
concludes that, while cap and trade should be the long-term global goal, a period of
transition in the short to medium term will be required.

6. A long-term framework
for tackling climate
change
Key messages
Forest carbon emissions need to be tackled as part of an overall approach to addressing
climate change. Therefore the overall international climate change framework needs to
be the starting point for developing forest solutions.
Any future international climate change framework should be based on three criteria:
effectiveness, efﬁciency and equity. The framework should be effective to deliver the
emissions reductions at the required scale; efﬁcient to minimise the overall cost of
achieving the emissions reductions; and equitable to ensure that the beneﬁts of international action are distributed fairly.
To be effective, an international emissions reduction system needs to tackle three major
challenges for all sectors. First, it should ensure that mitigation activities in one area
do not lead to leakage of emissions elsewhere (eg industrial or forestry companies relocating). Second, reductions should be additional to what would have occurred in the
absence of intervention. Third, the system needs to guard against the risk of impermanence to ensure that emission reductions are locked in over time.
A variety of systems exist for achieving reductions in deforestation as part of an overall
global framework. Many of these systems are potentially valuable tools in tackling
climate change and could act in parallel. The two principal options for valuing forest
carbon in the long-term are taxation and cap and trade. A global cap and trade system
performs best against the criteria of effectiveness, efﬁciency and equity.
Integrating forests within a global cap and trade system would create opportunities to
tackle a large proportion of current CO2 emissions while delivering substantial ﬁnance for
forest conservation and sustainable forest management. Excluding the forest sector would
impede the beneﬁt of trading to maximise emissions reductions and minimise costs.
Including reduced emissions from deforestation and degradation (REDD) in a welldesigned cap and trade system could reduce emissions from deforestation by up to
75 per cent in 2030. With the addition of afforestation, reforestation and restoration
(ARR), this would make the forest sector carbon neutral.
Including forests in a global cap and trade system would mean that the cost of halving
global carbon emissions from 1990 levels could be reduced by up to 50 per cent in
2030 and by up to 40 per cent in 2050.
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This could allow the international community to meet a more ambitious global stabilisation target. By 2050, CO2 emissions could be reduced by an additional 10 per cent
with the inclusion of the forest sector.
Forest carbon ﬁnance could also make a signiﬁcant impact on reducing poverty through
increased ﬁnancial ﬂows to developing countries.

6.1

Overall framework for tackling climate change

Forest carbon emissions need to be tackled as part of an overall approach to addressing
climate change. Therefore the overall international climate change framework needs to
be the starting point for developing forest solutions.
Tackling forest emissions needs to be part of an overall approach for tackling climate change
in all sectors. A central aim of the UNFCCC is to achieve stabilisation of greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system.1 Preventing dangerous interference should allow
ecosystems to adapt naturally, ensure continued food production, and allow sustainable
economic development.
It is widely suggested that the increase in global temperature that is currently occurring should be stabilised at a maximum of 2°C over pre-industrial levels to minimise the
risk of dangerous climate change.2 IPCC has indicated that achieving a 2°C target would
mean stabilising GHG concentrations in the atmosphere at around 445 to 490 ppm CO2e
or lower.3 Against a background of rising population and increasing prosperity, this will
require a reduction in annual global emissions of around 50 per cent or more from 1990
levels by 2050 (see Figure 6.1). Given that forestry, as deﬁned by the IPCC, contributes
around 17 per cent of current GHG emissions, net emissions from forests will need to be
substantially reduced if this goal is to be achieved.
As discussed in Chapter 4, these essential but ambitious long-term emissions reductions will require a step-change in the way land is used, so that pressures to deforest
become positive incentives to keep forests standing and managed in a sustainable way.
This means addressing the global externality that currently exists for carbon and CO2
emissions so that the social cost of releasing CO2 into the atmosphere, as well as the
social beneﬁt of reducing these emissions, can be realised. Therefore an overall international framework will need to facilitate a behavioural step-change and bring a true value
to natural standing forests. As Chapter 5 explains, signiﬁcant funds will be required to
implement this step-change and to address the opportunity costs (income foregone) on
a global scale.
This chapter will examine systems that could be used on a global scale to tackle the
externality of CO2 emissions from all sectors effectively, efﬁciently and equitably. We will
then examine the rationale for integrating forests into an overall climate change framework. Generating a carbon value will provide the incentives to overcome the barriers that

1
2
3

United Nations (1992) UNFCCC
EU target for emissions reduction
IPCC (2007) WG 3 Chapter 9
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currently exist when tackling the drivers of deforestation. Although it will not be feasible
to fully implement this long-term framework immediately, it will be essential to establish
a goal in order to enable a smooth, measured and predictable transition.
Figure 6.1: Global emissions path required for stabilisation at 475ppm CO2e overshooting to 500ppm
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Note: Heiligendamm refers to the G8 Summit in Heiligendamm , 6-8 June 2007. The current level of
emissions together with the stabilisation trajectory have come from the SiMCaP model. Forecast business
as usual emissions have come from three GHG models. Energy CO2 from the POLES model, forestry emissions from the IIASA cluster model and non-CO2 emissions from the IMAGE model.

6.2

Criteria for a successful climate change
framework

Any future international climate change framework should be based on three criteria:
effectiveness, efﬁciency and equity. The framework should be effective to deliver the
emissions reductions at the required scale; efﬁcient to minimise the overall cost of
achieving the emissions reductions; and equitable to ensure that the beneﬁts of international action are distributed fairly.
Forest carbon emissions, along with emissions from other sources, are a global negative externality. The cost of each unit released into the atmosphere is not borne by the
emitter. Instead the costs are imposed on the international community as a whole in
the form of exposure to the damaging effects of climate change. Conversely there is no
comprehensive system that rewards reduced emissions from deforestation, for example,
even though it brings global beneﬁts. Therefore, in order to incentivise forest nations to
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take action on deforestation, it is reasonable that any international framework to tackle
climate change should internalise the emissions from forests. Bearing this in mind, there
are three criteria that a successful international climate change framework should meet:
effectiveness, efﬁciency and equity.4 The following sections set out these three criteria in
more detail.

6.2.1

Effectiveness

To be effective, an international emissions reduction system needs to tackle three
major challenges for all sectors. First, it should ensure that mitigation activities
in one area do not lead to leakage of emissions elsewhere (eg industrial or forestry
companies relocating). Second, reductions should be additional to what would
have occurred in the absence of intervention. Third, the system needs to guard
against the risk of impermanence to ensure that emission reductions are locked in
over time.
Given the potential consequences of dangerous climate change, it is essential that the
system is effective in achieving reductions in emissions at the right scale. Whether
payments are to be transferred under a trading system or imposed through taxation, any
system would need to achieve sufﬁcient scale to deal with the geographic spread and
severity of emissions.
An international emissions reduction system for all sectors also needs to tackle three
major challenges to be effective: leakage, additionality and permanence (see Box 6.1). A
successful international framework needs to cover the sources of emissions comprehensively, regardless of the country or sector they originate from. Otherwise, there is the risk
that emissions will migrate, or leak, to sources that lie outside the system. Leakage could
occur across areas within a country or between countries. Therefore any system will need
to have comprehensive participation by the major emitters at national and international
levels to prevent leakage. To achieve this, a successful system will need to be comprehensive in terms of its coverage of sectors and politically acceptable to the main emitting
countries.
The second requirement for ensuring effectiveness is that emissions reductions should
be additional to any reduction that would have occurred in the absence of intervention. This means that any system needs to minimise non-additional reductions that are
accidentally or unfairly credited.5 If an abatement activity gains credits for reductions
that would have occurred anyway, the environmental integrity of the credit awarded is
undermined (see Box 6.1).
The third consideration for ensuring that the system is effective is to ensure that carbon
reductions are locked in over time – permanence. Stabilising the carbon stock requires a
permanent reduction in the ﬂow of emissions into the atmosphere, which is an issue for all
sectors. For example, the recent increase in gas prices relative to coal has led to an increase in
emissions from the UK power sector. Similarly, economic conditions can affect deforestation rates. Furthermore, forests are vulnerable to disturbances, such as drought, ﬁre or pests.
4

5

These criteria were also set out in Stern’s ‘Key elements of a global deal’ (2008) when putting
forward a set of proposals on global policy to provide economic incentives for addressing the
impact of global warming.
Bloomgarden and Trexler (2008)
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These can be naturally or human-induced and can result in the release of stored carbon (see
Box 6.1).

Box 6.1: Effectiveness of an international climate change
framework: leakage, additionality and permanence
An international emissions reduction system needs to tackle three major challenges for
all sectors if it is to be effective: preventing leakage of carbon emissions to other locations; ensuring that emissions reductions are additional to reductions that would have
occurred in any case; and the risk that reductions are not permanent.
Leakage
Leakage occurs when mitigation activities in one place cause an increase in emissions elsewhere. This is a challenge in a number of sectors, such as industry. Leakage
may occur through two main channels. Direct leakage could occur if, for example,
heavy industry with high CO2 emissions decided to relocate to countries that were not
participants in the system rather than bear the costs of reducing emissions. Indirect
leakage could occur if, for example, reduced energy demand in Annex I countries with
emissions reduction targets led to a reduction the price of energy in the region. The
lower energy price could then stimulate demand in countries that do not have emissions restrictions.6
The risk of leakage has been perceived as more severe for forests than for the transport or industry sectors. While some modelling has suggested that forests are more
prone to leakage, real world studies have been less conclusive.7 Leakage can occur with
any mitigation activity. The perception that forests are different from other sectors may
instead be based on the nature of the CDM as a project-based system. Using a nationallevel baseline or reference level and implementing the measuring and monitoring of
forest emissions on a large geographical scale would signiﬁcantly reduce the risks associated with project-level leakage, particularly within countries (see Chapter 9). International leakage is a challenge for all sectors and needs to be addressed with comprehensive coverage of an international emissions reduction system such as a global cap
and trade system.
Additionality
A system for mitigating emissions should ensure that emissions reductions are additional
to any reduction that would have occurred in the absence of intervention, ie under a
business as usual scenario. Ensuring additionality creates a challenge when attempting
to quantify effective reductions in carbon emissions, as the business as usual scenario
that would have occurred without intervention is unobservable. If there are problems
with accurately projecting business as usual, the effort devoted to reducing emissions
could be overstated. This, in turn, could lead to the international community paying for
‘hot air’. Lack of additionality is a challenge in all sectors and needs sufﬁcient ambition
in setting targets as well as robust measuring and monitoring.

6
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Lejour and Manders (1999)
Schwarze, Niles and Olander (2002)
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Permanence
Climate change results from changes in the concentration of CO2 in the atmosphere.
Stabilising this stock requires a permanent reduction in the ﬂow of emissions into the
atmosphere, which is an issue for all sectors. For example, the recent increase in gas
prices relative to coal has led to an increase in emissions from the UK power sector.8
A speciﬁc concern that has been cited for including the forest sector in a global
scheme is that forests are more vulnerable than other sectors to natural disturbances,
such as drought, ﬁre or pests, which can cause the release of stored carbon into the
atmosphere. This can be a particular problem for ARR projects. The slow and gradual
uptake of CO2 as new forests grow can be reversed relatively quickly through an environmental disturbance. Although this is a risk for local projects, it is likely to be less
signiﬁcant within the wider coverage that national-level accounting provides.
It has also been argued that there is value in temporarily delaying the release of
carbon into the atmosphere, particularly through reduced emissions from forests, as
it reduces the amount of cumulative carbon stock in the atmosphere. This can reduce
the impacts that are caused by climate change by reducing emissions in the short to
medium term while new technologies and economic instruments are being put in
place to reduce industrial emissions.9 Taking long-term responsibility for the carbon
stocks will ensure that the potential future release of carbon is accounted for. Nonetheless, permanence is an important challenge for forests as well as other sectors and is
discussed in Part III of this Review.

6.2.2 Efﬁciency
The Stern Review estimated that the costs of achieving a global stabilisation target of
550ppm CO2e by 2050, could be limited to, on average, around 1 per cent of global GDP
per year.10 However, as Stern has pointed out, this is unlikely to be realised unless the
international system for achieving these reductions is efﬁcient. Therefore to achieve a
more ambitious stabilisation target of around 445 to 490ppm CO2e efﬁciency will need
to play a key role. Transaction costs – the costs incurred in the administration of the
system – will form an important part in determining the efﬁciency of the system (they
are discussed in more detail in Chapter 5). Increasing efﬁciency reduces the global cost
of achieving emissions reductions which would also allow for more ambitious emissions
reductions to be achieved.
One of the main requirements in economic theory for achieving efﬁciency is that
the costs of abating the last unit of CO2 are the same in every sector and every country.
This is because the damage caused by each tonne of CO2 is the same regardless of where
it is emitted. If there were spatial or sectoral variations in costs, the total cost could be
reduced by abating less where it is expensive and more where it is cheap.

8 DTI (2007)
9 Fearneside et al (2000)
10 Stern (2007)
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The second requirement for a system to be efﬁcient is that there should be abatement
up until the point where the cost of abating the last unit of CO2 exceeds the beneﬁts of
doing so. This means that – all other things being equal – it will be efﬁcient to reduce
the total amount of emissions in response to cheaper abatement options becoming available. There are sectors where the price signal alone does not lower costs efﬁciently, for
example in expensive technologies which require learning and experience in order to
induce cost-cutting innovation, or efﬁciency gains which are hard to generate through
price incentives. For the most part, however, prices play a central role in guiding markets
towards an efﬁcient allocation of resources.
Given uncertainty over abatement costs in different places, and how they are likely to
change over time, an efﬁcient system should provide ﬂexibility over where reductions
occur.

6.2.3 Equity
While the efﬁciency criterion considers the cost to the world as a whole, the equity criterion assesses who pays and who beneﬁts. Equally efﬁcient mechanisms can have very
different distributional outcomes. In theory, it is possible to consider the two separately,
but in practice the choice of system is likely to have intra-national and international
distributional consequences.
International action to reduce emissions will require the willing participation of a
broad range of countries. This will happen only if the system is able to offer a distribution of costs and beneﬁts that is perceived to be fair. This is particularly important in
the forestry context, given that deforestation mainly occurs in developing countries,
including many of the least developed countries. Given that there are many ways in
which fairness could be deﬁned, it is essential that the system can provide the ﬂexibility
for this to be negotiated.
As well as the distribution of effort between countries, it is also important to consider
the distribution within countries. For example, distribution will be particularly importatant for the 90 per cent of people living on less than $1 per day who rely on forests
to some extent for their livelihoods.11 Consideration of the needs and circumstances of
developing countries must therefore be provided within the system. Ensuring national
sovereignty, speciﬁcally with regard to land-use decisions, while preventing misuse of
the system will need to be key components. This will involve the provision of ﬂexibility when delivering funding or setting emissions caps, to take into account a country’s
speciﬁc interests, proﬁle and circumstances.

11 Scherr et al (2003)
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6.3

Comparison of options for achieving global
climate stabilisation

A variety of systems exists for achieving reductions in deforestation as part of an overall
global framework. Many of these systems are potentially valuable tools in tackling
climate change and could act in parallel. The two principle options for valuing forest
carbon in the long term are taxation and cap and trade. A global cap and trade system
performs best against the criteria of effectiveness, efﬁciency and equity.
In order to address the global externality of CO2 emissions, carbon needs to be valued to
represent the price (social cost) or penalty that would be paid by those who generate the
CO2 emissions.12 A range of approaches to value carbon is provided by economic theory.
These can be categorised under two broad systems: a price could be imposed through a
carbon tax, or could arise from a trading system (see Figure 6.2).
Figure 6.2: Options for addressing the externality of CO2 emissions from forests
Internalise
carbon
externality

Regulation

Direct taxation
on emitters

Taxation

Trading

Taxation to generate
funds to incentivise
abatement from
emitters*

*This could include indirect taxation such as tariffs
on the trade in timber and non-timber products

While not explicitly imposing a carbon price, environmental regulation could also be
an option for addressing the externality of CO2 emissions. An example of regulation on
an international scale is the EU Forest Law Enforcement, Governance and Trade (FLEGT)
Action Plan. Agreements are set up between the forest nation and the consumer countries
to implement measures for trading in legal timber and for eliminating illegally logged
timber from trade with the EU. Chapter 4 discusses the importance of the EU FLEGT in
more detail. Both taxation and trading have the potential to generate public funds. For
taxation, this occurs automatically as the contribution is imposed by government. With
trading it occurs if purchasers are obliged to buy quotas from government through sales
or auctions.13 The important role of public funds (multilateral and bilateral funds) to
12 Nordhaus (2008)
13 Stern (2007)
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generate up-front ﬁnance and supplement forest funding in the short and medium term,
will be discussed in more detail in Chapters 11 and 13.

6.3.1

Carbon taxation

Carbon taxation, at a domestic level, is undoubtedly one tool with which policy makers
will wish to tackle climate change. In its simplest state, taxation could address the externality by levying a uniform tax on all sources of CO2 emissions at a rate equal to the
damage caused by each tonne emitted.
Taxation avoids the problem of determining additionality. At the sub-national level,
systems of positive incentives are faced with the challenge of determining what would
have happened in the absence of incentives not to reduce emissions. This is problematic
because the emitter would have the incentive to overestimate the emissions that would
have been released in the absence of payments. The administering authority is then faced
with the challenge of assessing those claims. Taxation avoids this difﬁculty because it is
levied on behaviour that is potentially observable. As such, it avoids the need to determine what would have occurred in the absence of payment. However, in the case of afforestation where trees are planted, an assessment of whether they would have been planted
without mitigation incentives would be necessary in order to generate credits. Moreover,
taxes provide a disincentive to cut trees but not an incentive to monitor or declare. By
contrast, credits provide an incentive to preserve trees and monitor and declare.
Domestic carbon taxation would overcome the problem of intra-country leakage,
provided that it was levied on all sectors. Activities that led to emissions would face
a carbon price regardless of where they occurred, so in theory there should be no risk
of them being relocated. International leakage, however, could still occur if there are
variations in the effective carbon price between regions. This variation could exist from
a lack of incentive to participate in harmonisation, or an inability to enforce the taxes
that they have. Either way, the risk would be that emissions were displaced rather than
reduced.
The permanence of reductions in emissions from taxation is less certain. It would
depend upon the durability of the mechanism. Taxation would provide emitters with
the incentive not to emit only for as long as it was in operation. If the tax ceased to be in
operation, then there would be nothing to prevent landowners from clearing any land
that had previously been protected, other than technical or economic limits on the rates
of deforestation. Harmonisation of domestic taxation would be viable only for as long as
the accompanying transfers were in operation.
To be an efﬁcient system, carbon taxation would need to address the externality on
an international scale so that all emitters would face a uniform carbon price. However,
decisions over taxation are made at a regional or national level. As a consequence, the
levels of domestic carbon taxes would need to be harmonised internationally to ensure a
uniform carbon price. For example, the carbon tax paid by road users in Italy would need
to be consistent with the carbon tax faced by a steel factory in China or a soy farmer in
Brazil. Such consistency would require coordination at an international level to eliminate major differences and to create requirements or minimum standards. This would
be particularly challenging as it would involve political agreement and international
consensus across all sectors and governments. These difﬁculties have been witnessed in
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the failure to agree a common carbon tax by European countries.14
In order to be equitable, a regime based on taxation would need to be able to allocate a
greater share of the responsibility for reducing emissions to developed countries. This is
clearly important on the grounds of fairness but would present the system with difﬁculties. Taxation may be compatible with the ‘polluter pays’ principle, but fails to account
for the differences in historical responsibility for the current stock of atmospheric CO2.
One possible solution is to reallocate the tax revenues and compensate those adversely
affected by the implication of the taxation. More generally, there may also be concerns
over national sovereignty and the inﬂuence a harmonised tax system may have on a
country’s ability to make its own domestic policy decisions.

6.3.2 Global cap and trade system
In a global cap and trade system, an overall restriction is set on the quantity of emissions allowed over a given period. Within this overall limit, emitters are allocated quotas
of emissions rights that they can trade with each other as a commodity. The deﬁning
characteristic of a cap and trade market is that scarcity, and thus the value of carbon
permits, is created through government intervention. National cap and trade markets
can be created through domestic regulation, whereas international cap and trade markets
require negotiation between participants.
Cap and trade is potentially highly effective at reducing emissions.15 It provides
certainty over the global emissions that are reduced which can be directly linked to the
science underpinning the emissions reductions target (see Box 6.2). This is in contrast to
an inﬂexible taxation system, where the cost is certain, but due to imperfect information
the emissions reductions are not.
As long as coverage is global and all countries participate, cap and trade can address
the criteria of leakage, additionality and permanence. International coverage means that
all emissions should be accounted for. Therefore inherently there will be no leakage.
Additionality depends on the level of ambition when setting the cap and the national
inventory that it will be measured against. As with taxation, permanence within a cap
and trade system relies on the durability of the system as well as the continued participation of all countries. However, the ﬁnancial incentives provided to countries by a global
cap in the form of liabilities and rewards generated encourage long-term participation.
The global cap and trade system performs well against the efﬁciency criterion because
the combination of universal coverage and the ability to trade provides ﬂexibility over
the location of emissions reductions. As with taxation, all of the market participants are
faced with a uniform carbon price, but the price in this system is set indirectly by the
stringency of the cap and the cost of abatement. The total scale of funding automatically
adjusts to the level required to produce sufﬁcient abatement to meet the cap. This allows
abatement to occur where it can be done most cheaply.

14 Mackenzie (1990)
15 Stern (2008)
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Box 6.2: The economics of a cap and trade system
Under a cap and trade mechanism, an overall cap on emissions is established for a
country or region. A global cap can be based on a global emissions stabilisation target.
The total emissions below the cap are then allocated or auctioned among emitters (eg
power plants, industrial plants, transport etc), who are then free to trade their allowances. Trading provides the most efﬁcient means of meeting global reductions at lower
cost to the international community.
Figure A below illustrates how the price and quantity of emissions allowances is set
in a cap and trade system.

price of allowances

Figure A: Emissions price and quantity in a cap and trade system
supply

P*
demand

Q*

Q0

quantity of allowances / emissions

The supply curve is vertical because once the allowances have been distributed no more
will be created regardless of the price reached.16 The demand curve is downward sloping
because a rising carbon price will make it more attractive to reduce emissions rather
than buy allowances. The price (P*) and quantity (Q*) of allowances is set by the point
where the supply and demand curves intersect. Business as usual emissions, assuming
no carbon price, are represented by the point Q0. Therefore, the total quantity of abatement, or emissions reductions, is determined by the distance between Q* and Q0.
A possible exception to this is if the scheme includes price-ﬂoors, price-ceilings, or
enforcement mechanisms that have a similar effect (eg ﬁnes for non-compliance). In this
case, it is no longer guaranteed to reach a given scale of funding, but the total costs are
bounded. If prices prove volatile, and the costs to businesses of such volatility are high,
then price caps may increase efﬁciency. However, ﬁrms habitually deal with volatile core
input prices, or exchange rate changes, and will develop futures to hedge against predict16 There is, however, the issue of credibility; ex ante promises to limit the supply of allowances
may not be kept if the permit price rises too high ex post.
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able risk. Moreover, as authorities gain experience with cap and trade systems, they can
be expected to smooth volatility, much as they do in the management of bond markets.
If abatement costs are known, it is possible to achieve the same result with taxation and
fully auctioned trading. However, given imperfect information, it is highly unlikely that
the costs would be known to any reasonable level of accuracy ex ante (see Chapter 5 on
mitigation costs).
A major advantage of global cap and trade over taxation lies in its distributional ﬂexibility. This means that the system can be designed to be more equitable, particularly
when considering developing countries. It is possible to achieve almost any distributional outcome when dividing up the allocation of allowances. This ﬂexibility maximises
the chance of ﬁnding a politically acceptable and equitable distribution of the burden
of emissions reductions. For example, developing countries with little historical responsibility for climate change can receive very loose caps (based on need) while developed
countries could take on the bulk of the target. Furthermore, a system to address the practical difﬁculty in agreeing differentiated national emissions targets required for a cap and
trade system has already been established through the Kyoto negotiations.17 The option
of devolved, or company-based, trading schemes on a national or regional level enhances
the equitability of a cap and trade scheme because the emitter, such as a power station, is
directly liable for CO2 released into the atmosphere.
In summary, a global cap and trade system performs best against the criteria of effectiveness, efﬁciency and equity for the following reasons:
s It places an absolute limit on total emissions and provides a direct link with the science
underpinning the emissions target.
s It encompasses all countries and sectors and facilitates mitigation where it can occur
most cheaply.
s Countries would be free to meet their cap through domestically determined policies, ie
through a mixture of taxation, regulation and the purchase of international credits.
s It could encourage international consensus through the ﬂexibility in dividing the cap
in an equitable way.
An internationally harmonised taxation system could be an efﬁcient tool as theoretically
it equalises abatement between sectors and regions, but it would encounter severe difﬁculties in achieving effectiveness and equity:
s It does not provide a quantitative limit on the overall level of emissions required.
s It becomes administratively complex and costly to account for the common but differentiated responsibilities principle.
s Above all, there would be a practical difﬁculty in gaining the level of political commitment and international consensus that would be required to agree minimum standards across all sectors and countries.
This does not mean that taxation does not, or should not, play an important role in
reducing carbon emissions. Domestic taxation and cap and trade can operate in parallel.
Furthermore, as later chapters of the Review demonstrate, carbon markets are likely to
take time to grow, leaving a funding gap in the short to medium term, particularly for a
17

Frankel (2007)
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sector such as forests which is a relatively large source of emissions in developing countries. Nonetheless, a cap and trade system is an essential tool if the international community is to meet its climate change targets.

6.4

Rationale for including forests within a global
cap and trade system

Integrating forests within a global cap and trade system would create opportunities to
tackle a large part of current CO2 emissions while delivering substantial ﬁnance for forest
conservation and sustainable forest management. Excluding the forest sector would
impede the beneﬁt of trading to maximise emissions reductions and minimise costs.
We have already established that a global cap and trade system has the potential to deliver
the emissions reductions required for global climate stabilisation but that it will maximise
both sectoral and overall efﬁciency only if the market includes all relevant sources of emissions, including forests. However, the speciﬁc challenges that forests present mean that
concern has been raised about the full integration of forests within a cap and trade system.
While accepting the need for a cap and trade system for other sectors, some proposals
for funding forest emissions reductions have opted to treat forests separately. For this to
occur, an alternative source of funding would need to be similar to a cap and trade system
in terms of scale, effectiveness, efﬁciency and equity. Multilateral funding in the form of
donations from industrialised countries has been proposed as an option.
In Chapter 5 the average annual cost of mitigation for halving deforestation to 2030
is estimated to be between $17–33 billion per year. The Organisation for Economic
Co-operation and Development (OECD) estimates that the total overseas development
assistance (ODA) and ofﬁcial aid (OA) to forestry by OECD countries and multilateral
agencies was an annual average commitment of $564 million between 1996 and 2004.18
Only part of this funding would be directed to reduce emissions from deforestation.
Given the magnitude of funding required, therefore, a system that separated forests from
the carbon market and instead ﬁnanced a reduction in forest emissions solely through
multilateral funds would be highly unlikely to reach the required level of funding.
Furthermore, even if the level of funding were to be scaled up, the additional demand
for ﬁnance for forests might risk a depletion in overall funds available to address other
aspects of climate change in developing countries such as adaptation and technology.
This does not mean, however, that multilateral funds cannot play an important part
in an overall international response to forests. Chapter 13 will discuss possible public
funding options for forests, including speciﬁc forest-dedicated funds, as a supplementary
mechanism to the cap and trade system in the short and medium term.
Ultimately, excluding emissions from the forest sector would frustrate the ability of
trading to maximise global emissions reductions and minimise the cost of achieving
our overall climate goals. There would be an unexploited opportunity to abate an extra
tonne of emissions in one sector compared with another. This is because there would no
longer be a uniform price signal, and consequently there is the risk of having too much
or too little abatement from other sectors.
18

Tomaselli (2006)
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6.4.1

Modelling the effects of including forests in a cap and
trade system

Including reduced emissions from deforestation and degradation (REDD) in a welldesigned cap and trade system could reduce deforestation emissions by up to 75 per
cent in 2030. With the addition of afforestation, reforestation and restoration, this
would make the forest sector carbon neutral.
Including forests in a global cap and trade system would mean that the cost of halving
global carbon emissions from 1990 levels could be reduced by up to 50 per cent in 2030
and up to 40 per cent in 2050.
This could allow the international community to meet a more ambitious global stabilisation target. By 2050, CO2 emissions could be reduced by an additional 10 per cent with
the inclusion of the forest sector.
Forest carbon ﬁnance could also make a signiﬁcant impact on reducing poverty through
increased ﬁnancial ﬂows to developing countries.
New modelling was commissioned for this Review from the UK Ofﬁce of Climate Change
Global Carbon Finance (GLOCAF) model to look at the effects of including forests on
overall global emissions reductions and costs in a global cap and trade system.19 The
volume of abatement from the forest sector generated by a cap and trade market depends
on the stringency of the cap and the cost effectiveness of the forest sector relative to
other sources of abatement. If there is a loose cap or other abatement opportunities are
cheaper, a cap and trade system will not generate a signiﬁcant amount of ﬁnance for
reducing forest emissions.
Several possible scenarios were examined using the model. The reference scenario
assumed that the world adopts a global cap and trade regime covering all sectors apart
from the forest sector by 2030. The cap corresponds with a 475ppm stabilisation scenario.
This level of effort is consistent with a 50 per cent reduction in global emissions by
2050 compared with 1990 emissions (see Figure 6.1). This is based on an interpretation
of an agreement by G8 leaders at Heiligendamm. Annex I countries were assumed to
take on the majority of reductions; and all countries were assumed to take on binding
targets of varying stringencies by 2030, in order to meet the global target. The reference
scenario excluded forests from the cap and trade system, with forest emissions expected
to continue on a business as usual path, assuming no other policies to address deforestation. The reference scenario result was then compared with the impact of including the
forest sector in the scenario of a global cap and trade system in 2030 and also 2050. The
model takes into account REDD20 as well as ARR activities.
Under the reference scenario, emissions from deforestation were estimated to be
3.5GtCO2 per year by 2030. By including forests in the global cap and trade system,
emissions from deforestation were projected to fall to 0.9GtCO2 per year by 2030. This
reduction of 2.6GtCO2 per year represents a 75 per cent reduction in emissions from
deforestation by 2030.21
19 See www.occ.gov.uk/activities/gcf.htm
20 The model is calibrated from IPCC Fourth Assessment (2007) ﬁgures which also include forest
degradation. For an explanation of how degradation is deﬁned see Chapter 2.
21 These estimates were generated through the DIMA model. See Chapter 5 for further explanation of the DIMA model.
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Furthermore, if ARR is included alongside REDD in the global cap and trade system, an
additional 0.9GtCO2 is projected to be sequestered. Consequently, with REDD and ARR in
a global cap and trade system by 2030, the forest sector as a whole could be carbon neutral;
ie, the amount of carbon released into the atmosphere is balanced by the amount of
carbon sequestered.
The modelling was also used to determine the effect of including forests in a cap
and trade system on the costs of achieving signiﬁcant emissions reductions. The model
projected that the cost of halving global carbon emissions from 1990 levels could be
reduced by between 25 per cent and 50 per cent in 2030 and between 20 per cent and 40
per cent in 2050 if the forest sector is included (see Figure 6.3).
Figure 6.3: Global costs from excluding forests
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Source: GLOCAF Modelling for the Eliasch Review.

The signiﬁcant effect of including forests on the costs of achieving substantial emissions
reductions is related to improved efﬁciency. The exclusion of forests from a cap and
trade system would mean the emissions target must be met by abatement from other
sectors. Forests could supply potentially cheap carbon credits to the market. Therefore,
their exclusion signiﬁcantly increases the costs and inefﬁciency of achieving an overall
emissions reduction target.
Under a reference scenario, with forests excluded from the system, total emissions
in 2050 were projected to be reduced to 20GtCO2 at a cost of 3 per cent of global GDP.
For the same cost, including the forest sector (ARR and REDD) would potentially reduce
CO2 emissions to 18GtCO2 in 2050, representing a 10 per cent reduction on the baseline
scenario. This indicates that, by including the forest sector in a cap and trade system,
the international community could set and meet a more ambitious global stabilisation
target.
Forest carbon ﬁnance generated by the inclusion of forests in a global cap and trade
system could also make a signiﬁcant impact on reducing poverty if designed well. Coun-
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tries with the highest potential to gain from reduced deforestation are predominantly
developing countries, including many of the poorest countries in the world.22 Therefore,
cap and trade system, inclusive of forests, has the potential to increase ﬁnancial ﬂows
from rich to poor countries.
The level of ﬁnance ﬂowing to forest nations will depend on target setting, robust
measuring and monitoring, efﬁcient design of the carbon market and good governance.
Some of these will be determined by international negotiations that will require incorporating all sectors and all countries. However, as an indication of the potential ﬁnancial
ﬂows from rich to poor countries under a global cap and trade system, GLOCAF modelling for this Review suggests that these ﬂows could be highly signiﬁcant. For example, the
modelling estimates that the forest sector has the potential to generate ﬁnancial ﬂows to
sub-Saharan Africa of over $15 billion by 2030.
These signiﬁcant ﬁnancial ﬂows are estimated because, with a global carbon market,
countries with a lot of cheap abatement (typically developing countries) can reduce their
emissions to meet their target and make a proﬁt at the same time. For developed countries it is cheaper to buy abatement from abroad and give developing countries a proﬁt
than it is to do expensive abatement at home. In this way a carbon market can reduce the
costs to developed countries and at the same time create proﬁts for developing countries.
It is important to note, however, that achieving these ﬁnancial ﬂows and ensuring that
the ﬁnance actually results in reduced emissions while beneﬁting indigenous communities will require signiﬁcant support and capacity building in many countries. Chapters
12 and 13 of this Review discuss governance and distribution of ﬁnance in more detail.

6.5

Four key elements of a long-term framework

In order to provide the international community with a guarantee of climate stabilisation
within safe levels, there needs to be a clear and ambitious international target. Although
target setting is a political decision, it will need to be based on the science and should be
informed by an assessment of the likely costs of abatement options. Additionally, targets
will require an equitable division of the global cap. The process of setting effective targets
using the method of baselines will be described in detail in Chapter 9.
Once targets or baselines are set, robust measuring and monitoring techniques are
needed to determine the reduction of emissions against a reference level. National inventories for all emissions sectors carried out on a consistent basis, covering all sectors and
countries and with transparent veriﬁcation, will be important within a cap and trade
market. International inventory methods for the forest sector have been developed by
the IPCC. Application of these methods is not only essential in estimating emissions,
removals and carbon stocks but is also part of the system to guard against leakage, nonadditionality and impermanence. This is discussed further in Chapter 10.
The design of any international carbon trading framework will need to generate net
ﬁnancial transfers from industrialised to developing countries. One of the concerns that
has been expressed about forests being part of a single carbon market is that, because it is
a potentially abundant source of cheap abatement, it would ﬂood the market and lead to
a collapse of the carbon price unless its integration was well designed. This is an impor22 Ebeling and Yasue (2008)
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tant transitional issue and requires consideration of the relationship between supply
and demand in the carbon market as well as appropriate design features at the point of
linking forests to carbon markets. This is discussed in more detail in Chapter 11.
Carbon ﬁnance could make a signiﬁcant impact on poverty reduction and loss of
ecosystem services if governance is addressed within the scheme’s design. Effective
national institutions that are able to administer the system and enforce compliance are
essential to ensure the conﬁdence of the international community and the markets. Policies and international conventions that protect the forests and involve the poor are also
key components. This is discussed in more detail in Chapter 12.

6.6

Conclusion

Various systems exist for achieving reductions in emissions from the forest sector as
part of an overall global framework. A range of taxation options exists, both in terms
of domestic taxation in forest nations and ﬂows of international funds from developed
countries raised through tax revenues or other means. Many of these are potentially
valuable tools in tackling climate change. However, as a long-term framework, a cap and
trade system that includes forest sector net ﬁnancial ﬂows from industrialised to developing countries performs best against the criteria of effectiveness, efﬁciency and equity.
Providing coverage is global and all major countries participate, cap and trade
can address the challenges of leakage, additionality and permanence. International coverage means that all emissions should be accounted for with no leakage.
Additionality depends on the accuracy of the cap-setting process and the national
inventory that is used to measure and monitor real reductions in emissions. Permanence of emissions reductions relies on the durability of the system as well as
the continued participation of all countries. The ﬁnancial incentives provided to
countries by a global cap in the form of liabilities and rewards generated encourage longterm participation.
The success of a cap and trade system, however, will depend on how well it is designed.
Four key elements will be required for all sectors, including the forest sector: effective
national targets; robust measuring and monitoring; an efﬁciently designed carbon
market; and good governance. This chapter shows that, with these elements in place,
the forest sector could become carbon neutral in 2030. Furthermore, the inclusion of the
forest sector in an overall framework could increase the ambition of a global stabilisation
target and/or reduce the global cost of meeting it.
While this chapter sets out a long-term framework that the international community could work towards, it is important to understand how the current international
framework compares with this goal. The following chapter examines the current climate
change system and reviews its successes and limitations.

7. The current
international climate
change framework
Key messages
Implementation of the current international climate change framework is a long way
from delivering the emissions reductions required for a global stabilisation target.
The United Nations Rio Conventions established the importance of addressing forests on
an international scale. The United Nations Framework Convention on Climate Change
proposes sound principles for international action to tackle the challenge posed by
climate change.
The Kyoto Protocol of the UNFCCC commits developed countries to legally-binding
targets to limit or reduce their greenhouse gas emissions, and provides mechanisms
that allow emissions trading.
Targets for the ﬁrst commitment period of the Kyoto Protocol have been recognised as
insufﬁcient to meet the reduction in total anthropogenic emissions required for a global
stabilisation target of 445-490ppm CO2e. Further action will be needed from developed and developing countries to meet this goal, with responsibilities and rewards for
reducing emissions, including those from the forest sector.
Although developed countries are required to estimate and report emissions from
land-use, change and forestry annually, and developing countries do so periodically,
forest emissions may not be comprehensively estimated by countries, and the forest
sector has tended to lag behind other sectors in measuring and monitoring.
While Annex I countries are able to use the three Kyoto mechanisms to achieve their
commitments, non-Annex I countries are only able to beneﬁt from hosting afforestation and reforestation projects under the Clean Development Mechanism. Reduced
deforestation and degradation is not included in the international system for developing
countries.
Accreditation within the CDM, particularly for forest projects, is widely recognised as
needing reform. Transaction costs are substantial and the temporary nature of A/R
credits have had signiﬁcant impacts on the uptake of A/R CDM projects.
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7.1

Current international action

Implementation of the current international climate change framework is a long way
from delivering the emissions reductions required for a global stabilisation target.
The preceding chapter identiﬁed the key advantages of a comprehensive global cap and
trade system to address climate change and to deliver a reduction in emissions in an
effective, efﬁcient and equitable manner in the long term. If the beneﬁts of a cap and
trade system are to be fully realised by maximising global emissions reductions and
minimising the cost of achieving our targets, it is important that forests, along with all
other emissions sources, should be included.
This chapter considers the current institutional framework and the international
agreements that have so far attempted to tackle the effects of climate change. It outlines
the sound principles for international action on climate change provided under the
UNFCCC, before assessing the implementation of the framework. The current international response to climate change has limitations: notably it does not include emissions
commitments from all sectors and all major emitting countries, and there is a clear need
for substantially deeper commitments in the future.
The chapter focuses on the real and perceived differences between forests and other
sectors that have presented challenges not yet comprehensively addressed in climate
change negotiations; and on the absence of meaningful incentives for developing countries to undertake mitigation of forest sector emissions. These issues need to be addressed
so that non-Annex I countries (mostly developing countries) and forest countries can
beneﬁt from a future climate change agreement in similar ways to Annex I countries.

7.2

The United Nations Rio Conventions

The United Nations Rio Conventions established the importance of addressing forests on
an international scale. The United Nations Framework Convention on Climate Change
proposes sound principles for international action to tackle the challenge posed by
climate change.
Achieving consensus and harnessing action on environmental issues at any level is
not easy. The fact that broad international agreement has been reached over the action
required to address climate change and sustainable development is correspondingly
impressive. The Rio Conventions and associated agreements achieved international
consensus and thus form the ﬁrst leading multilateral environment agreements on global
environmental protection (see Box 7.1).
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Box 7.1: Forests and the United Nations Rio Conventions
The Conventions and associated agreements launched at the Rio Earth Summit in 1992
put in place an international framework to tackle a wide but inter-linked set of environmental problems. The Conventions have a particular relevance to forests because
forests provide beneﬁts and services that are key to all the Conventions: safeguarding
biodiversity, protecting ecosystems, sequestering carbon and preventing its release
into the atmosphere.
The UN Convention on Biological Diversity (CBD) was the ﬁrst global agreement to
combine all aspects of biodiversity.1 Countries are required to develop national strategies
for the conservation and sustainable use of biological diversity, including the creation of a
system of protected areas to conserve that diversity.2 Forests are addressed directly in the
CBD through the programme of work on forest biodiversity, which includes biophysical
aspects, institutional and socio-economic environments and forest monitoring.3 CBD
negotiations on access and beneﬁt sharing (ABS), which are due to conclude in 2010, will
also have signiﬁcant implications for the management of forest resources.
The UN Convention to Combat Desertiﬁcation (UNCCD), which was agreed in 1994
in pursuit of a mandate from Rio, obliges those countries affected by desertiﬁcation
to implement national and regional action programmes to tackle desertiﬁcation and
mitigate the effects of drought. Developed countries are expected to mobilize substantial new and additional funding to help developing countries fulﬁl their obligations, in
addition to providing access to appropriate technology and know-how. Key objectives
of the UNCCD are the prevention and reduction of land degradation, the reclamation
of desertiﬁed land, and the rehabilitation of partly degraded land, in which forestation
(afforestation, reforestation and forest restoration) is a key tool.4
The UNFCCC entered into force in 1994 and establishes a robust and comprehensive framework for intergovernmental efforts to tackle the challenge posed by climate
change. Its credibility is demonstrated through the participation of nearly all countries
in its decision-making. The Convention makes clear that developed countries should
take the lead in combating climate change and that all parties to the Convention need
to take precautionary measures to mitigate the adverse effects of climate change.5
The UNFCCC sets speciﬁc aims for developed countries to return their greenhouse
gas emissions to 1990 levels by 2000, with more general commitments established for
all parties. Although mandatory emission caps for individual nations were not speciﬁed
by the UNFCCC itself, parties are committed to produce, and regularly update, national
inventories, setting out the amount of greenhouse gas emissions released and how
much is absorbed by sinks. The Kyoto Protocol to the UNFCCC, which was agreed in
1997 and entered into force in 2005, sets mandatory emissions reduction or limitation
commitments for developed countries for the ﬁrst commitment period, 2008 to 2012,

1
2
3
4
5

United Nations (2002)
United Nations (1993). (CBD)
COP 6 Decision VI/22 (April 2002)
United Nations (1994). (UNCCD)
United Nations (1992). (UNFCCC)
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and sets up a process for negotiating further commitments for subsequent commitment periods.6
In addition to the three conventions, the 1992 Rio Summit agreed the Rio Declaration on Environment and Development (known as the Rio Principles) and Agenda 21,
a comprehensive programme for delivery. These have established the basis for subsequent international consideration of sustainable development in general. The Forest
Principles agreed in Rio7 set out non-legally binding principles for the management,
conservation and sustainable development of forests. They led to the establishment of
the United Nations Forum on Forests (UNFF) which in 2007 agreed to strengthen the
political commitment of UN member states to the sustainable management of all types
of forests.
While achieving international consensus, the Conventions also illustrate that further
elements will be needed to deliver signiﬁcant emissions reductions in the future.
For example, they have faced criticism for inadequate resourcing and a lack of real
commitment from parties to follow through the promises they made.8 The Conventions,
as individual entities, present challenges in their coordination, especially as responsibility for each Convention does not always lie with the same institution at the national
level.9 Countries have recognised this as an issue and have recently established an Ad
Hoc Technical Expert Group (AHTEG) to facilitate coordination between the UNFCCC
and the CBD.
The UNFCCC, however, takes important steps towards the implementation of key
elements to address signiﬁcant emissions reductions. It establishes an ‘ultimate objective’
for all parties: the ‘...stabilisation of greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate
system.’10 Particularly important is the requirement to produce and submit to the Conference of Parties (COP – see Box 7.3) a national inventory of greenhouse gas emissions by
sources and removals by sinks.
While acknowledging that tackling climate change requires global commitment and
action, the convention separates countries into distinct categories:
s Annex I (OECD countries and economies in transition);
s Annex II (OECD countries only);
s non-Annex I (mostly developing countries).
This establishes the principle of ‘common but differentiated responsibilities’, meaning
that the effort required to tackle the effects of climate change should be equitably
divided.11 Developed countries should accordingly take the lead, as they bear the greatest
historical responsibility for the current levels of GHG emissions in the atmosphere,
and have greater capacity to address them. This is reﬂected in the more detailed
commitments for developed countries and an obligation to provide ‘new and additional
ﬁnancial resources’ to developing country parties, which are the most vulnerable to
climate change.

6
7
8
9
10
11

United Nations (1998)
United Nations (1992). (UNCED Report)
World Wildlife Fund (2002)
Hoffman (2003)
United Nations (1992). (UNFCCC)
Yamin and Depledge (2004)
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Table 7.1: Components of the UNFCCC and Kyoto Protocol 12
Key component

Country parties, obligations

Combined implication for
forests

UNFCCC

Annex I countries committed
to taking measures to limit
anthropogenic emissions and
enhance sinks with the aim of
returning emissions to 1990
levels.

Kyoto

Individual legally-binding caps
for Annex I countries based
on reduction or limitation of
emissions relative to the level
in a base year, generally 1990.
Emissions targets must be met
by the commitment period
2008-2012.

Annex I: Afforestation, reforestation minus deforestation
must be accounted for. Other
land use, land-use change and
forestry (LULUCF)12 activities
such as forest management
can be elected.
CDM forestry projects can
be used to meet 1% of base
year emissions for Annex I
countries.

Targets

Inventories
UNFCCC

Commitment to develop,
update and publish national
inventories for all Parties,
and annually for developed
countries.

Kyoto

Obligation for Annex I countries to submit an inventory
each year.
Non-Annex I countries
to submit an inventory
periodically.
IPCC methodology should be
used to measure emissions.

Annual reporting of emissions and removals by Annex I
countries, including emissions
and removals from LULUCF,
whether or not used to meet
commitments. Developing
countries provide inventory data periodically, with
national communications.

12 LULUCF is now referred to as Agriculture, Forestry and Other Land Use (AFOLU) within the
IPCC Guidelines for National Greenhouse Gas Inventories (2006).
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Key component

Country parties, obligations

Combined implication for
forests

UNFCCC

Developed countries provide
ﬁnancial resources to developing countries to meet the
costs of compiling national
inventories, communications
and new technology. The
Global Environment Facility
serves as the ﬁnancial mechanism (see Box 7.3)

Afforestation and reforestation
projects (A/R) can be funded
through CDM by Annex I
countries. No provision for
funding of reduced emission
from deforestation and
degradation (REDD) projects
under CDM.

Kyoto

Reinforcement of developed
countries commitment to
meet the full costs incurred
by developing countries of
implementing their commitments. CDM projects funded
by Annex I countries, hosted
in non-Annex I countries

Funding

Emissions trading
UNFCCC

No detailed provisions for
emissions trading

Kyoto

Mechanisms to enable trading
established.

Removal units (RMUs) from
sequestration activities can be
traded. CDM allows A/R, but
not REDD projects in nonAnnex I countries to be credited and traded as expiring
credits.

Sustainable development
UNFCCC

All countries committed to
promote sustainable management and conservation of
ecosystems

Kyoto

Objective of CDM: to help
non-Annex I Parties achieve
sustainable development
while observing their national
sovereignty. The DNA* of a
non-Annex I country assesses
the effects of potential projects before approval can be
granted.

For Annex I countries afforestation, reforestation and
deforestation (ARD) activities
incentivised but management of pre-1990 forest can
only be used to a limited
extent with country speciﬁc
caps. CDM forestry projects
should promote sustainable
development

* DNA – Designated National Authority is the body granted responsibility by a party to authorise and
approve participation in CDM projects. Approval must conﬁrm that the project activity contributes to
sustainable development in the country
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The importance of the Kyoto Protocol

The Kyoto Protocol of the UNFCCC commits developed countries to legally-binding
targets to limit or reduce their greenhouse gas emissions, and provides mechanisms
that allow emissions trading.

7.3.1

Commitments under the Protocol

While the UNFCCC sets the framework for international action to address climate
change, the 1997 Kyoto Protocol to the UNFCCC signiﬁcantly strengthens the objective,
principles and institutions of the convention in the areas of binding targets, measuring
and monitoring and the introduction of international trading (see Table 7.1).
Binding caps
The major development represented by the Protocol is that, whereas the Convention
encouraged industrialised countries to stabilise greenhouse gas emissions, the Protocol
commits them to reduce or limit emissions.
The Kyoto Protocol commits Annex I countries (39 developed countries and countries with economies in transition) to individual, legally-binding emissions reduction
targets, called Quantiﬁed Emission Limitations or Reduction Commitments. Collectively
these targets were intended to amount to a minimum of 5 per cent against 1990 levels
over the ﬁrst commitment period 2008-2012, with some nations committing to higher
percentage reductions and some lower. Despite the relatively modest scale of emissions
reductions, the fact that any form of binding national emissions restraints was agreed
represents signiﬁcant progress towards more ambitious target setting.
In meeting these commitments, land use, land-use change and forestry (LULUCF)
are treated somewhat differently from other sectors. Under the accounting provisions
of Article 3.3 of the Kyoto Protocol afforestation, reforestation and deforestation (ARD)
activities since 1990 must be accounted for. However, under the provisions of Article 3.4,
carbon stock changes that relate to the management of forests in existence prior to 1990,
as well as carbon stock changes from cropland management, grazing-land management
and revegetation, only need to be included for the ﬁrst commitment period if countries
choose to do so.
National inventories
The Protocol represents a signiﬁcant development in the comprehensive coverage of
measuring and monitoring. All Annex I countries must submit information on greenhouse gas emissions and removals by sinks on an annual basis, whatever choices they
have made under the provisions of Article 3.4 (see Table 7.1). This information must
include activities in the LULUCF sector. The information is prepared using internationally agreed guidance from the IPCC, which aims to cover all signiﬁcant categories of
anthropogenic emissions, including the LULUCF sector.
The information submitted by Annex I countries is subject to annual review by an
expert international review team coordinated by the UNFCCC Secretariat, which reports
back to the parties. If a country emits more than its allowance – taking account of any
international transfers under the ﬂexible mechanisms – it has to make up the differ-
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ence in the next commitment period, plus an additional deduction of 30 per cent.
Kyoto Protocol obligations on non-Annex I countries include producing, publishing and
updating national – and where appropriate regional – programmes containing measures
both to mitigate climate change and adapt to it, but without any quantiﬁed emissions
reduction or limitation commitments.
Emissions trading and the Kyoto mechanisms
Although Annex I countries should meet a signiﬁcant part of their legally-binding cap
through domestic effort, the Kyoto Protocol includes the provision for countries’ obligations under the international framework to be met ﬂexibly according to their national
circumstances, respecting national sovereignty. For example, parties are able to pay other
countries or entities to reduce emissions, or offset emissions abroad, where the costs could
be lower. Under Kyoto, Annex I countries are allocated tradable emissions rights in the
form of 1 tonne units of CO2e up to the quantity of emissions allowed by their commitment (this allocation is called the assigned amount). They are then able to transfer or
acquire these units to or from other Annex I countries through the International Transaction Log (see Box 7.3). Thus units acquired from one party are added to the assigned
amount for the acquiring party. This establishes the basis of emissions trading.
The introduction of the emissions trading system has provided incentives for actions
to reduce or mitigate emissions through a variety of methods including regional initiatives, unilateral state initiatives, bilateral initiatives, cooperation between sub-national
governments, and international private sector and public-private partnerships.
Although meeting commitments remains a national responsibility countries may, in
effect, pass on (or devolve) emissions allocations to companies directly responsible for
the emissions, such as power plants. In order to stay within their cap, the company has to
either reduce its emissions or pay other companies or offset providers for additional units.
The most important current example of translating sovereign obligations into domestic
policies is the EU Emissions Trading Scheme (EU ETS). This and other regional carbon
markets are discussed further in Chapter 11.
The Kyoto Protocol establishes three mechanisms: International Emissions Trading,
Joint Implementation and the Clean Development Mechanism, which collectively constitute a prototype international emissions trading framework or carbon market (see Figure
7.1 and Box 7.2).
Under International Emissions Trading (IET), Annex I countries that are over their
emission targets are permitted to buy allowances or credits from other Annex I countries
that have emissions to spare (see Box 7.2). Under the Joint Implementation (JI) mechanism, an Annex I country (Country A) with an emissions reduction commitment may
(with agreement) implement an emission-reducing project or a project that enhances
removals by sinks in another Annex I country (Country B), also with an emissions reduction commitment. Country A can then count the resulting emission reduction units
(ERUs) from Country B towards its own Kyoto target.
Under the CDM, Annex I countries are, with the agreement of the developing country,
able to implement project activities that reduce emissions in developing countries (nonAnnex I parties), in return for certiﬁed emission reductions (CERs) or in the case of
forestry projects, temporary or long-term CERs (tCERs or lCERS respectively). Temporary
credits are a means of dealing with the permanence risk of project-based activities in
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the forest sector.13 These project activities must assist non-Annex I parties in achieving
sustainable development objectives.
Figure 7.1: The three Kyoto mechanisms
Global
emissions
reduction

Joint
Implementation
(JI) mechanism

International
Emissions Trading
(IET) mechanism

Clean
Development
(CDM) Mechanism

Sovereign
trading

Annex I country
forestry
REDD

A/R

energy and other sectors

Projects in Non Annex I countries
forestry

energy and other sectors

A/R

Box 7.2: Credits traded under the three Kyoto mechanisms
The reduction targets set for each developed country are expressed in terms of a
commitment. Participating countries are allocated emissions rights up to the quantity
of emissions allowed by their commitment. These allowances can then be traded with
other Annex I countries. Additionally, Annex I countries can obtain certiﬁed credits
from emissions reductions via Joint Implementation or the CDM.
International Emissions Trading Mechanism (IET)
Annex I countries that exceed their emission targets are permitted to buy credits from
other Annex I countries that have excess emissions rights to meet their commitment.
There are two types of credits that can be traded in this way. Assigned Amount Units
(AAUs) are tradable sovereign allowances to emit CO2e. AAUs are issued by parties
to the Kyoto Protocol to Annex I countries, calculated by reference to their base year
emissions and their emission reduction commitment, or cap. Removal Units (RMUs)
are tradable sovereign sequestration credits generated from land use, land-use change
and forestry (LULUCF), ie reforestation and afforestation activities, calculated against
national baselines.

13 Section 7.4 discusses temporary, or expiring credits in more detail.
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Joint implementation Mechanism (JI)
JI is a project-based mechanism for Annex I countries. Under JI, an Annex I country may
invest in an emission-reducing project or a project that enhances removals by sinks in
another Annex I country. The credits earned from a JI project can be counted towards
meeting the Kyoto target of the investing country. The private sector can be authorised
to take part in JI projects. Credits generated by JI projects are Emissions Reduction Units
(ERUs). ERUs are created by deducting RMUs or AAUs from the host country’s registry
account so that they can be credited to the investor’s registry account.
Clean Development Mechanism (CDM)
CDM is a project-based mechanism to assist non-Annex I countries to achieve sustainable
development and to help Annex I countries achieve their emissions reduction and limitation commitments. To help meet its Kyoto target, an Annex I country may implement
project activities that reduce emissions in non-Annex I countries. The tradable credits
generated by non-forestry CDM are called Certiﬁed Emissions Reductions (CERs)
CDM crediting can also take place for forestry activities. However, this only applies
to afforestation and reforestation activities. Reduced emissions from deforestation and
degradation (REDD) activities are excluded from crediting.
Afforestation and reforestation projects under the CDM generate temporary and
long-term CERs (tCERs and lCERs respectively) that are equivalent to one metric tonne
of CO2e but only for a ﬁnite period. A tCER expires at the end of the commitment
period following the one in which it is issued, while an lCER expires at the end of the
crediting period of the afforestation or reforestation project activity under the CDM for
which it was issued.

Box 7.3: Major institutional bodies under the UNFCCC
The United Nations hosts the key institutional bodies of the existing international
climate change framework.
Conference of the Parties (COP)
The core institution of the UNFCCC is the COP, which every year brings together heads
of state or their ministers from each of the 192 countries that have ratiﬁed the Convention. The COP provides, among other things, the institutional mechanism for executive decisions about the individual commitments that countries should undertake to
help fulﬁl their common but differentiated responsibilities under the Convention. The
Conference of Parties Serving as the Meeting of the Parties (the COP–MOP) serves
similar functions for the Kyoto Protocol, which is a Protocol of the UNFCCC.
UNFCCC Secretariat
The UNFCCC Secretariat provides the institutional mechanism for technical and administrative work to support decision making within the COP and the numerous bodies
and ad hoc working groups mandated to fulﬁl or elaborate its decisions. Under the
UNFCCC Secretariat, the Subsidiary Body for Implementation (SBI) is charged with
monitoring progress and performance, while the Subsidiary Body for Scientiﬁc and
Technical Assistance (SBSTA) elaborates the scientiﬁc, technical and methodological
rules for reporting emissions and mitigation measures in consultation with the IPCC.
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Global Environment Facility (GEF)
The GEF is the ﬁnancial mechanism of the UNFCCC and the other Rio Conventions. The
UN plays a major role in executive control of the Facility. Programmes funded by the
GEF are managed on behalf of the GEF Board by the World Bank.
International Transaction Log Administration (ITLA)
The ITLA is responsible for the administration of the International Transaction Log (ITL),
an electronic platform for international trading via the Kyoto mechanisms. The administrator of the ITL itself is the UNFCCC secretariat. Whenever an emissions allowance
or credit is issued, it is assigned a code and tracked by the ITL over its lifecycle, from
issuance to expiry, cancellation or retirement.
CDM Executive Board
The CDM Executive Board is charged with putting the Kyoto commitments and COP
decisions on the role and regulation of the CDM into practice. This includes adopting
its operational rules, approving or rejecting proposed CDM projects and programmes,
regulating the private companies authorised to verify the methodological rigour of
project proposals, and auditing reported results.
Joint Implementation Supervisory Council (JISC)
The Joint Implementation Supervisory Council regulates and manages the approval
process for Joint Implementation projects and programmes in countries that have not
yet implemented certain national institutional functions. Those countries that have
implemented these functions are exempt from JISC oversight, with regulatory responsibility performed by their national institutions.

7.4

Limitations of the ﬁrst Kyoto commitment
period

A full assessment of the Kyoto system must wait until 2014. The ﬁrst commitment period of
the Kyoto Protocol still has over four years to run, followed by a two year window for Annex
I states to reconcile their accounts and trade against any remaining sovereign emissions
liabilities. Nonetheless, it is instructive to consider the limitations of the Kyoto Protocol in
order to guide our assessment of those components that need to be improved or replaced in
order to support a more ambitious subsequent commitment period beyond 2012.

7.4.1

Emission targets

Targets for the ﬁrst commitment period of the Kyoto Protocol have been recognised
as insufﬁcient to meet the reduction in total anthropogenic emissions required for a
global stabilisation target of 445-490ppm CO2e. Further action will be needed from
developed and developing countries to meet this goal, with responsibilities and rewards
for reducing emissions, including those from the forest sector.
Current emissions reduction commitments are a ﬁrst step and are clearly insufﬁcient to
achieve climate stabilisation. The Kyoto Protocol therefore provides a process to negotiate
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future commitments. This is currently underway and due to complete in Copenhagen in
2009. Parties recognise the need for substantially deeper commitments; for example the
EU has committed unilaterally to a 20 per cent reduction in emissions by 2020, and a 30
per cent reduction if a global agreement is achieved.
The emissions targets do not comprehensively cover all major emitters. Although a party
to the UNFCCC, the United States failed to ratify the protocol following the expression of
domestic concerns about its impact on national competitiveness.14 And while the treaty
was ratiﬁed by 181 countries, developing countries are not bound by individual targets.
Only industrialised countries are required to limit their emissions, and only a subset of
the most advanced industrialised countries (Annex I countries) are required to contribute
towards the costs of building capacity in the less advanced countries.
Currently, developing countries account for about 50 per cent of energy-related carbon
emissions, and their share is expected to rise to 70 per cent by 2030 in the absence
of additional policies.15 China, for example, currently emits about ﬁve tonnes of CO2e
per person, and India is approaching two tonnes of CO2e. By 2050, eight billion out of
a global population of nine billion people will live in developing countries.16 Without
commitments by a majority of countries, particularly the major emitters, to take on
national targets in the long term, meeting the climate stabilisation target of 445-490ppm
will not be possible.

7.4.2

Measuring and monitoring

Although developed countries are required to estimate and report emissions
from land-use change and forestry annually, and developing countries do so
periodically, forest emissions may not be comprehensively estimated by countries, and the forest sector has tended to lag behind other sectors in measuring
and monitoring.
Commitments for measuring and monitoring of emissions also differ between Annex
I and non-Annex I countries. For Annex I countries, inventories are subject to annual
review. For example, Removal Units (for sequestration activities) cannot be issued unless
national inventories have been checked and veriﬁed by expert review teams. National
monitoring and veriﬁcation of carbon sequestration is more effective than measuring
and monitoring against a project baseline. It allows sequestration to be achieved through
a number of different policies or activities as appropriate to the country in question. Effort
can be delivered either through project level activities (tree planting, forest management techniques) or through indirect policy instruments (ﬁscal regime, construction
standards, import-export regimes), which increases the scope for non-intrusive and costeffective measures to generate emissions reductions.
The comprehensive approach to measuring and monitoring of emissions for Annex I
countries (ie, all agreed emissions are covered) means that any risk of the impermanence
of carbon is managed. Because of national estimation and accounting systems, deforestation and REDD would be no different to industrial emissions in this respect. In the event
14 The Bryd-Hagel Resolution of the US Senate (1997) which resolves that the US should not be a
signatory states that ‘the level of required emission reductions, could result in serious harm to
the United States economy, including...trade disadvantages’
15 Stern (2008)
16 Stern (2008)
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of a reversal subsequent to issuance of the credit, an emissions liability will be created in
the seller’s inventory.
The national measuring and monitoring system also addresses the concern for leakage
(the displacement rather than absolute reduction of emissions) within a country. If emissions are measured at a national level, leakage from one place to another within a country
does not affect the national emissions rate, so a country will not be credited.
Although national inventories are encouraged for non-Annex I countries and developed countries are committed to provide ﬁnancial support to meet the costs incurred
by non-Annex I countries, there is no obligation for non-Annex I countries to provide
annual national inventories. As reductions in emissions from deforestation are not a
credible asset under the CDM, the existing framework provides little incentive for nonAnnex I countries to measure and monitor deforestation and REDD activities robustly at
a national level, although countries may do this for national policy reasons.
Project-based measuring and monitoring of reforestation and afforestation activities
is arguably inefﬁcient. Crediting of CDM projects takes place against a project and not
a national baseline, limiting the ﬂexibility that is offered to Annex I countries domestically to achieve emissions reductions. Without a national commitment, displacement or
leakage of emissions beyond project boundaries is particularly difﬁcult to measure. This
is largely the reason for REDD being excluded from the CDM in the ﬁrst commitment
period. The obligation to monitor carbon stocks lasts only as long as the life time of the
project and therefore carries the risk of impermanence.17

7.4.3

Trading under the ﬂexible mechanisms

While Annex I countries are able to use the three Kyoto mechanisms to achieve their
commitments, non-Annex I countries are only able to beneﬁt from hosting afforestation and reforestation projects under the Clean Development Mechanism. Reduced
deforestation and degradation is not included in the international system for developing countries.
Annex I countries have access to all Kyoto mechanisms through which they can achieve
their target reductions. However, because non-Annex I countries have not committed
to a cap on their emissions, they are only able to host CDM projects. This means there
are two separate climate change regimes, one for Annex I countries and one for nonAnnex I countries (see Figure 7.2a and b).
International emissions trading mechanism
In terms of efﬁciency, it is difﬁcult to assess the core international emissions trading
mechanism (the mechanism for direct country-to-country trading of sovereign commitments) because there are relatively few trades prior to the reconcilliation of liabilities at
the end of the ﬁrst commitment period.
Because non-Annex I countries are not subject to sovereign trading, they are in a
subordinate position in terms of access to the future global carbon market and devolved
or company based emissions trading. Trade in carbon commodities within the devolved
carbon markets is widely expected to increase markedly over coming decades. The value

17 Schneider (2007)

114

Part II: Forests and the climate change framework: the long-term goal

of the carbon market in 2007 ($64 billion) was over double that in 2006.18 And it is
projected to grow to $100 billion by 2030.19 Developing countries have been kept on the
margins of this potentially highly lucrative market.
Joint Implementation Mechanism
As with the international emissions trading mechanism, assessment of the JI also presents challenges. Credits under JI have not yet been issued and participation has been
restricted to a small fraction of the countries and activities in which cost effective abatement opportunities are available. But there are strong indications of interest from the
private sector to develop projects or programmes through JI. The pilot phase of the JI has
also shown that, with the correct framework in place, investment could be substantial. 20
The JI mechanism also recognizes a wide variety of LULUCF projects activities such as
avoided deforestation, forest and wetland management and sustainable agriculture as
eligible for generating credits.21
Clean Development Mechanism
The sole mechanism that developing countries are able to beneﬁt from is the CDM. The
market aspect of the CDM can be seen so far as a clear success. As of April 2008, 1033
CDM projects have been registered and a total of 137 million CERs issued. Some 1250
million CERs are expected to be issued during the ﬁrst commitment period.22 Between
2003 and 2005 the CER quadrupled in price. However, it does not have the same comprehensive approach to forests as the JI and has failed to support any signiﬁcant number of
projects in the forestation sector, despite the large potential for cost effective mitigation
in this sector in many developing countries.23
Furthermore, in terms of the geographical distribution of projects, and therefore the
distribution of the ﬁnancial beneﬁt derived from the projects, the CDM has proved less
successful. While the mechanism has successfully generated ﬁnancial transfers from
developed countries to developing countries the vast bulk of this ﬁnance has gone to
middle income countries. China, for example, supplied 73 per cent of the market share
in terms of 2007 transacted volume. The less advanced countries have supplied only a
small percentage of the share of CDM credits. Africa as a whole supplied just 5 per cent
of the market share.24 Given their less advanced state of development, proposals in the
least developed countries have tended to be for smaller projects of less interest to proﬁtoriented foreign investors seeking CDM investment opportunities. These countries are
therefore at a particular disadvantage in mobilising ﬁnance required to overcome the
CDM investment hurdle.25 As a result, the countries where capital is genuinely scarce and
the government most lacking in capacity have derived comparatively less beneﬁt from
the current CDM than the more advanced developing countries.
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Transaction costs for all CDM projects are generally high and they have been estimated
to be up to 53 per cent of the total project costs.26 The CDM regulatory process currently
takes about 300 days, on average, from validation to registration.27 Costs for approval
of forestry projects can be excessive due to additional delays involved. The simpliﬁed
modalities for small-scale A/R projects that had been developed to allow forest communities to participate in the CDM are still largely out of reach given the high institutional
transaction costs of project preparation.28
A report commissioned by this Review examined the institutional and system barriers
to undertaking forestry and other land use activities in non-Annex I countries, primarily
through the CDM. The report highlighted the signiﬁcant upfront costs required for reforestation projects and the delay before the ﬁrst substantial credit units can be generated
– usually at least ﬁve years as trees become established. The requirement for veriﬁcation
at ﬁve-yearly intervals can delay the certiﬁcation of emissions reductions and associated
returns still further.29

7.4.4

Accreditation

Accreditation within the CDM, particularly for forest projects, is widely recognised as
needing reform. Transaction costs are substantial and the temporary nature of A/R
credits have had signiﬁcant impacts on the uptake of A/R CDM projects.
The Kyoto Protocol allows countries that have national emissions inventories to generate
sequestration (from afforestation and reforestation) credits or RMUs against national sink
sector data. The certiﬁcation and registry processes for RMUs do not involve signiﬁcant
transaction costs because credits are certiﬁed and issued in large batches. RMUs also
have high integrity because they are generated nationally and the relevant inventory
data are audited by the UNFCCC, are under regular scrutiny and have common carbon
accounting rules. This means that buyers can have a high degree of trust in the credits’
robustness. If the RMU is traded with another country, the liability for its replacement in
the event of a reversal subsequent to issuance, lies with the host government.
Forest credits generated by the CDM are very different in nature from RMUs. CERs
are generated against project-speciﬁc baselines, and not national inventory data, where
there is a presumption of long-term responsibility. In order to address concerns regarding
potential non-permanence of CERs, the modalities and procedures for A/R allowed for
the creation of one of two kinds of expiring CERs30 : either a temporary CER (tCER) or
a long-term CER (lCER). The tCERs expire at the end of the commitment period subsequent to the one in which they are issued, while lCERs expire at the end of the project
crediting periods. Neither can be carried over to subsequent commitment periods (even
if the carbon remains sequestered). Furthermore, responsibility for lCER replacement – if
either a reversal or removals is detected at veriﬁcation or if no certiﬁcation is provided –
falls to the party that has purchased the units.
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While the creation of expiring units was considered a universally acceptable solution
at the time, they have proved unattractive to investors. As part of the work commissioned
for this Review, interviews were conducted with leading CDM A/R project developers.
A common issue shared by those interviewed was the difﬁculty they encountered in
securing investment for projects that are perceived to be of high risk and are not fungible
to other CDM units. This has relegated A/R CDM credits to a substantially lower class of
credit. It is estimated that tCERs are worth around 14-35 per cent of the value of other
CERs, and lCERs potentially 45-100 per cent, depending on the discount rate and the
crediting period length.31 In practice both are estimated to be worth around 25 per cent
of the value of standard CERs. Furthermore, the report suggests that there has been
growing recognition that the risks inherent in A/R projects are not as great as previously
thought and that alternative means of addressing non-permanence could be applied.32
The attractiveness of A/R credits has arguably been further limited through the
decision to set a cap on their purchase. The Marrakesh Accords ruled that the use of
eligible A/R project activities under the CDM by any one party could not exceed
1 percent of base year emissions. This decision was made because of concern that
the large-scale availability of cheap forest credits would ﬂood the market. This limit
has been perceived as an additional barrier or risk to investment in an A/R activity.
Figure 7.2a: The current international climate change framework for Annex I countries

targets

Binding emissions reduction
targets, but not consistent
with reductions required for
climate stabilisation.

measuring
and monitoring

National inventories with
robust auditing of periodic
reporting.

carbon market
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Permanent removal units
generated against
national-level baselines.

Figure 7.2b: The current international climate change framework for non-Annex I countries
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31 Dutschke et al (2005)
32 Schlamadinger et al (2008). Chapter 10 identiﬁes alternative measures for addressing permanence while also providing the fungibility of credits.
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Bali Action Plan

Emissions reduction targets for the ﬁrst commitment period under the Kyoto Protocol were
always recognised as a ﬁrst step in delivering the reductions required for global climate
stabilisation. The text of the Protocol recognises the need for subsequent commitment
periods, and requires negotiations on future commitments.33 This process was initiated at
the 13th Conference of the Parties to the UNFCCC which took place in Bali in November
2007, and resulted in the adoption of the Bali Action Plan for formal negotiation of a
new global deal. The plan recognises the need for urgent, meaningful action to reduce
emissions from deforestation and forest degradation. The decision on deforestation in
developing countries adopted at Bali encourages parties to ‘identify options and undertake efforts, including demonstration activities, to address the drivers of deforestation.’34
This is an important step towards the full integration of forests within the international
climate change framework.
Underpinning the measures set out in the Bali Action Plan will be negotiation of the
scale and distribution of international ﬁnance, in particular addressing ‘enhanced action
on the provision of ﬁnancial resources and investment to support action on mitigation
and adaptation and technology cooperation.’35 This element is important for providing
incentives for all countries, developed and developing, to participate in a comprehensive
emissions reduction system.
Parties are currently working towards an agreement with deeper commitment and
broader coverage, to be agreed at the 15th Conference of Parties in Copenhagen in 2009,
with speciﬁc mention of the need to take action on deforestation and forest degradation,
and the role of sustainable management of forests.

7.6

Conclusion

The Rio Conventions created an environment within which much learning has taken
place. The Bali Action Plan, with its decision on reducing emissions from deforestation
in developing countries, is a positive example of the commitment of many countries in
the international community to exploring the role of forests in a long-term response to
climate change.
Reform is needed to deliver the signiﬁcant emissions reductions required. As this
chapter identiﬁes, the current agreements have several shortcomings. Targets are not
sufﬁciently stringent; measuring and monitoring, particularly of forests, is not comprehensively implemented; and the trading mechanisms and the credits they generate have
signiﬁcant limitations for developing countries and the forest sector. The CDM entails
high transaction costs, limiting access to the market of non-Annex I abatement potential.
And current regulation of forest credits provides disincentives for wide participation.

33 United Nations (1998)
34 Decision 2/CP.13: Reducing emissions from deforestation in developing countries: approaches
to stimulate action (2007)
35 UNFCCC (2007) (Decision 1/CP.13)
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Chapter 6 presented a clear framework for a global cap and trade system that could
address the challenges of delivering a climate change framework that is both efﬁcient
and equitable. The current international framework forms a sound basis for moving
towards this long-term goal. In the meantime, urgent action is needed. A transitional
system should be implemented in the short and medium term, to address the limitations
of the current system and establish the four key elements that form the basis of the longterm framework. Chapter 8 considers the different options for a transitional system, and
at how the limitations of the current climate change framework could be addressed.

Part III:
The building blocks of
forest ﬁnancing: the
medium-term approach
Part II described how a global cap and trade system that takes account of all sectors,
including forests, would perform best as a framework for tackling climate change in the
long term. However, a global climate change deal should take account of the different
stages of development of developing countries. The global carbon market will need to
evolve, with national and regional emissions trading schemes growing and merging
over time. Furthermore, many developing countries may prefer to participate in a more
incentive-based scheme in the near term.
Part III looks at the importance and key elements of a well-designed approach to transition over the medium term. First, Chapter 8 sets out the types of transition path to a
global cap and trade system. Underpinning a successful transition path is a three-stage
process: short-term, medium-term and long-term goal. The most effective transition
path to global cap and trade is likely to be an incentive-based approach with increasing
access to regional and national emissions trading schemes, while drawing on additional
ﬁnance from other sources as carbon markets grow over time.
The next four chapters describe the four key building blocks which will be required
if forest nations are to beneﬁt from ﬁnancial ﬂows from developed countries while
ensuring that their forest policies genuinely reduce carbon emissions.
Chapter 9 examines the types of incentive-based targets that are most effective in
reducing forest emissions.
Chapter 10 goes on to review the technology, capacity building and costs required to
ensure that reductions of forest emissions from the baseline are measured and monitored robustly.
Chapter 11 analyses the challenges of linking the forest sector of developing countries
to emerging national and regional carbon markets, including the required scale of
ﬁnance and impacts on carbon markets of forest credits. The chapter also provides an
analysis of the funding gap that exists in the medium term as carbon markets mature
and of the potential sources of funding that could ﬁll the gap.
Finally, Chapter 12 examines the importance of good governance, including land
tenure and policy incentives, as well as the different ﬁnancial distribution mechanisms
that forest nations may wish to use to ensure that ﬁnance reaches the most appropriate
regions, communities, individuals and programmes efﬁciently and transparently.

8. Transition to a longterm framework
Key messages
The transition to a long-term goal of global cap and trade will need to meet the development needs of countries at different levels of development, particularly the poorest.
If the transition path is poorly designed, the long-term goal may not be reached or
may be delayed. A smooth transition path is also important for building conﬁdence in
the system.
The most effective transition path to global cap and trade is likely to be an incentivebased approach with increasing ﬁnance from regional and national emissions trading
schemes while drawing on additional ﬁnance from other sources while carbon markets
grow over time.
Underpinning a successful transition path is a three-stage process covering the short
term, medium term and the long-term goal.
In the short term, the key objectives should be capacity building and ﬁlling the funding
gap. Capacity building and demonstration activities will be needed to build conﬁdence
and ensure that mechanisms and institutions are ﬁt for purpose. A combination of
public and private sector ﬁnance could be used for pump-priming credit mechanisms
ahead of access to carbon market ﬁnance.
In the medium term, international and national systems should begin to provide access
to emissions trading schemes for forest nations. Additional funding from the public and
private sectors could be reduced as carbon market ﬁnance increases over time. Four
building blocks are key:
s transitional arrangements for targets, or reference levels, that are no lose or limited
liability for developing countries;
s capacity building for robust measuring and monitoring of forest emissions;
s a well designed system for linking forest credits to national and regional carbon
markets that maintains ﬁnancial stability while drawing on additional sources of
public and private ﬁnance;
s strong governance.
In the long term the goal should be full inclusion in a global carbon market.
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8.1

Introduction

The transition to a long-term goal of global cap and trade will need to meet the
development needs of countries at different levels of development, particularly
the poorest.
If the transition path is poorly designed, the long-term goal may not be reached or
may be delayed. A smooth transition path is also important for building conﬁdence in
the system.
While a long-term framework for an emissions reduction system is essential if the international community is to stabilise global temperatures at around 2°C increase (see Introduction), the transition path towards that goal is equally important. If the transition path
is poorly designed, the long-term goal may not be reached or may be delayed. Given the
urgency of the challenge of climate change and the rapid increase in industrial emissions
that the world is currently experiencing, any delay in tackling the challenge will substantially increase the risks from climate change.1 A smooth transition path is also important
for building the credibility of the system. Testing approaches to credit transfers for emissions reductions through demonstration activities at local, regional and national levels
will be an important part of the process to build conﬁdence and ensure that mechanisms
and institutions are ﬁt for purpose.
Part II of this Review concluded that a variety of systems exists for achieving reductions in deforestation as part of an overall global framework, which include public and
private ﬁnance as a source of funding emissions reductions. Many of these systems are
potentially valuable tools in tackling climate change and could operate in parallel. In
the long term, a cap and trade framework seems best to meet the criteria of effectiveness,
efﬁciency and equity and should play an important role in reducing emissions, including
those from forestry. At the same time, implementation of the current international
framework, while building credibility in an international system for emissions reductions, has signiﬁcant limitations for meeting a global emissions target. In this chapter,
we brieﬂy review three options for moving from the current system towards long-term
global carbon trading:
s moving immediately to a cap and trade system for all countries;
s accessing international ﬁnance solely from outside the global carbon market;
s accessing ﬁnance under incentive-based schemes from a combination of carbon
markets (regional and national emissions trading schemes) and other sources while
carbon markets grow smoothly over time.
Of these options, this Review argues that the third system, a combination of carbon
market ﬁnance and additional public and private ﬁnance, will be most effective as a short
to medium term transition to global cap and trade. The building blocks of this transition
are set out in following chapters.
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Types of transition path

The most effective transition path to global cap and trade is likely to be an incentivebased approach with increasing ﬁnance from regional and national emissions trading
schemes while drawing on additional ﬁnance from other sources while carbon markets
grow over time.
One option for transition to the long-term framework is to move immediately to a cap and
trade system for all countries. This would have several advantages, including potentially
large scale ﬁnance in a permanent system of emissions reductions. However, in practice
it poses a number of challenges. Many developing countries are not in a position to face
the liabilities associated with having a stringent binding cap. Many would argue that
the developed world, being largely responsible for industrial emissions over the last 150
years, should shoulder a large responsibility for global emissions reductions. Meanwhile,
it is important that emissions reductions for tackling climate change should not impede
the development of poorer countries. Consequently, a transitional system in the medium
term may need to include limited liability targets for many developing countries that act
as part of an incentive-based scheme to reduce emissions (see Box 8.1). Lack of capacity
for robust measuring and monitoring and governance will also be a challenge for many
forest nations, and building capacity to a level sufﬁcient for forest nations to participate
in an emissions reduction mechanism will take time to achieve (see Chapter 13).
Given that a long-term framework of cap and trade will take some time to develop,
another option for addressing the urgent challenge of deforestation in the short to
medium term is to rely solely on sources of funding other than carbon markets. As set
out in Chapter 6, while funding sources additional to carbon markets will be important
to ﬁll the funding gap in the near term, relying entirely on these sources would be very
unlikely to deliver the scale of ﬁnance required to make a signiﬁcant impact on emissions from the forest sector. Even assuming that the level of funding necessary will be
lower in the early stages, as developing countries build the capacity to absorb large ﬁnancial ﬂows, the funding required will be substantial (see Chapter 13 for a more detailed
discussion of funding sources).
A third option is to access ﬁnance from regional and national emissions trading
schemes in the medium term under a more incentive-based scheme using baselines, or
reference levels, while accessing additional ﬁnance from other sources as carbon markets
grow smoothly over time (see Box 8.1). If developing countries are to have access to the
substantial ﬁnancial ﬂows from a global cap and trade system in the future, a smooth
and steady transition will be needed, with comprehensive preparation of international
and national systems. As access to ﬁnance from carbon markets grows over the medium
term, the remaining funding gap in the interim could be ﬁlled from additional sources
from both the public and private sectors.
As part of an incentive-based approach for non-Annex I countries, some have argued for
a middle way between commitment-free participation and the adoption of new binding
commitments.2 Countries wishing to graduate from project-based CDM to large-scale ﬁnancial mechanisms would adopt targets, or reference levels, to incentivise abatement opportunities in the participating countries’ economies (or speciﬁc sectors). Any emissions reduc2
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tions below this target could be sold on the carbon market at the prevailing carbon price.
As long as the real cost of the abatement were lower than the prevailing carbon price in the
market, non-Annex I regions could more than cover the incremental cost of the abatement
and would make proﬁts. National baselines should reduce concerns over leakage, allowing
Annex I countries to adopt more ambitious emissions reduction targets. The use of reference
levels by non-Annex I countries would also signal their intention to mainstream climate
change mitigation policies into national growth and development strategies.
Under one proposal, the Sao Paulo proposal that was presented to the UNFCCC negotiators
in 2006, a new deal would offer a ladder for developing countries to graduate at their own pace,
rather than an arbitrary timetable. All countries would continue to have access to baselinecredit mechanisms, but only while the volume of their abatement exports remained below a
given share of the international abatement market. Beyond this threshold, the country would
adopt some form of constraint in order to continue trading (see Chapter 9).

Box 8.1: An incentive-based forest scheme as part of a cap and
trade system
A global climate change deal should take account of the different stages of economic
development. Many developing countries are not in a position to face the liabilities
associated with having a stringent binding cap below their expected business as usual
emissions. Some countries may wish to have binding caps, enabling them to receive
international allowances to the level of their target and sell any surplus allowances
through reducing forest emissions. Furthermore, it is likely that part of the action
plans that developing countries will need to adopt as part of an international effort
to tackle climate change will involve a willingness to discuss binding caps for middleincome countries by 2020.3 However, for many forest nations, a transitional system in
the medium term may need to include no lose, or limited liability, targets that act as
part of an incentive-based scheme to reduce emissions. Central to any system is that
emissions reductions for tackling climate change should not impede the development
of poorer countries.
Many developing countries may be more ready to participate in the near term in
a national-level baseline-credit system with limited liabilities. Under a baseline-credit
system, credits can be earned at the end of a crediting period on the basis of whether
and by how much emissions fall below a baseline or reference level. This provides an
incentive for forest nations to reduce emissions without the potentially high penalties
associated with a stringent binding cap. The credits produced from forest emissions
reductions, and reductions from other sectors, can be traded with Annex I emitters
who are subject to a binding cap, and so provide demand for international credits.
In a market for emissions credits, demand for credits is generated by the gap between
baseline emissions (eg historical emissions or other proxy for business as usual emissions) and the cap set in the emissions market. The supply of credits is determined by
the cost of abating emissions. The credit supply curve is known as the Marginal Abatement Cost (MAC) curve.
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price of abatement credits

The Figure below illustrates how the price of an emissions credit arises, and consequently the overall cost of abatement. The triangle under the MAC curve represents the
resource cost of abatement, while the price of emissions credits is the point at which
the abatement supply curve and the demand curve intersect, P*.
Further details of setting baselines, or reference levels, and linking credits to carbon
markets are set out in Part III of this Review.
demand

supply
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For the reasons set out above, and in Chapters 5, 6 and 14, a smooth transition with a
combination of funding from carbon markets and additional public and private sector
ﬁnance seems to be the most effective approach for reducing forest emissions in the short
to medium term. It can also be argued that this approach is suited to other emitting
sectors in developing countries.

8.3

A three-stage transition process: short,
medium and long term

Underpinning a successful transition path is a three stage process covering the short
term, medium term and the long-term goal.
In the short term, the key objectives should be capacity building and ﬁlling the funding
gap. Capacity building and demonstration activities will be needed to build conﬁdence
and ensure that mechanisms and institutions are ﬁt for purpose. A combination of public
and private sector ﬁnance could be used for pump-priming credit mechanisms ahead of
access to carbon market ﬁnance.
In the medium term, international and national systems should begin to provide access to
emissions trading schemes for forest nations. Additional funding from the public and private
sectors could be reduced as market access increases over time. Four building blocks are key:
s transitional arrangements for targets, or reference levels, that are no lose or limited
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liability for developing countries;
s capacity building for robust measuring and monitoring of forest emissions;
s a well designed system for linking forest credits to national and regional carbon
markets that maintains ﬁnancial stability while drawing on additional sources of
public and private ﬁnance;
s strong governance.
In the long term the goal should be full inclusion in a global carbon market.
Underpinning a successful transition path is a three stage process: short term, medium
term and long term (see Figure 8.1). In the short term, over the next four to ﬁve years,
the key objectives should be capacity building and ﬁlling the funding gap. Many countries will need to undertake a range of preparatory work, reforms and capacity strengthening measures before they can participate fully in a forest credit mechanism. International institutions will also need to be reformed. This capacity building should include
approaches to ﬁnancial transfers for emissions reductions through demonstration activities at local, regional and national levels to build conﬁdence and ensure that mechanisms and institutions are ﬁt for purpose. As well as capacity building in preparation
for carbon market access, other sources of international funding should be provided to
meet the funding gap. A combination of public and private sector ﬁnance could be used
for pump-priming credit mechanisms ahead of access to carbon market ﬁnance. Short
term capacity building, and short to medium term ﬁnance to meet the funding gap, are
discussed in more detail in Chapter 14.
Figure 8.1: Transition path to a long-term framework for global carbon
Funding

Funding gap

Funds from partial access
to carbon mar ets

short term

medium term

Global cap
and trade

long term

emissions reductions
In the medium term, beyond 2012, international and national systems should begin to
provide carbon market access for forest nations which can demonstrate sufﬁcient levels
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of capacity. Market access should grow over the medium term. While a smooth transition
with funding from combined sources is an effective approach in the short to medium term,
further challenges present themselves. In particular, supply and demand of carbon credits
need to be managed carefully, and the introduction of international credits, including
those from the forest sector, should be implemented under a well designed system.
Four building blocks are key to a successful transition over the medium term. First,
transitional arrangements may be needed for targets, or reference levels, that reduce the
liability for developing countries if emissions reductions increase beyond governments’
control, while providing the incentive of ﬁnance ﬂows for delivering real emissions
reductions. Second, capacity building will be required in many cases at national and
international levels for robust measuring and monitoring of forest emissions. Third, a
well designed system for linking forest credits to emissions trading schemes is essential
to create sufﬁcient demand and maintain ﬁnancial stability while drawing on additional
sources of public and private ﬁnance. Finally, governance at national and international
levels will be important, requiring some major reforms in some areas of policy and institutions at all levels. Chapters 9 to 12 in Part III of this Review examine each of these four
medium-term building blocks in turn.

8.4

Conclusion

The transition path towards a long-term goal of global cap and trade will be critical to
the success of an international emissions reduction system. The most effective transition path is likely to be an incentive-based approach with increasing access to regional
and national emissions trading schemes while drawing on additional ﬁnance from other
sources as carbon markets grow over time. This combination is important for raising
sufﬁcient international ﬁnance to tackle emissions from the forest sector through REDD
and ARR. Nonetheless, it also raises challenges of its own, not least the coordination of
ﬁnance to ensure that funds are channelled effectively and efﬁciently, as well as being
distributed equitably across and within forest nations.
Underpinning a successful transition path is a three stage process: short term, medium
term and long-term goal. In the short term, the key objectives should be capacity building
and ﬁlling the funding gap. These are examined in detail in Chapter 14.
In the medium term, international and national systems should begin to provide carbon
market access for forest nations, with market access growing over time. Four building blocks
will be necessary if the transition process is to be successful. First, transitional arrangements
for targets - baselines or reference levels - that are no lose or limited liability for developing
countries will probably be necessary. Second, capacity building for robust measuring and
monitoring of forest emissions will be essential. Third, a well designed system for linking
forest credits to national and regional carbon markets will be required that maintains
ﬁnancial stability while drawing on additional sources of public and private ﬁnance. And
ﬁnally, the system will need to be underpinned by strong governance at all levels. The
following four chapters examine each of these building blocks in turn.

9. Effective targets for
reducing forest emissions
Key messages
Effective targets for reducing forest emissions need to:
s minimise leakage (reductions in deforestation in one area leading to increases in
another);
s ensure real reductions compared with business as usual (additionality);
s incentivise action to retain or enhance standing forests.
National baselines or reference levels should be used to prevent intra-national leakage.
A baseline-credit system for non-Annex I countries could initially generate credits for
emissions reductions in forest emissions on a no-lose or limited liability basis. This
could be undertaken under a new mechanism or within a radically reformed Clean
Development Mechanism.
To ensure that emissions reductions are additional, incentives should be linked to global
business as usual emissions.
Baselines that take account of the global average deforestation rate can incentivise
action to retain or enhance standing forests. Credits for avoided deforestation
would represent payment for a global service, especially as successful action in highdeforesting nations may increase pressure to deforest in nations where deforestation
rates are currently low.
In order to meet all the above criteria, baselines should take account of a country’s
historical emissions rate and the global average deforestation rate. This will ensure
that emissions reductions in the global forest sector are additional while acting against
international leakage by being inclusive.
Baselines should change over time by means of a renegotiation linked to an indicative
trajectory which would help ensure additionality and facilitate reaching agreement.
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9.1

Introduction

Effective targets for reducing forest emissions need to:
s minimise leakage (reductions in deforestation in one area leading to increases in
another);
s ensure real reductions compared with business as usual (additionality);
s incentivise action to retain or enhance standing forests.
Effective targets for reducing net emissions from deforestation (taking account of deforestation, degradation and ARR) are a prerequisite for successfully tackling the impacts of
forests on climate change. An effective, performance-based target requires a baseline or
reference level which minimises leakage, ensures that emissions reductions are additional
and incentivises action to protect or enhance standing forests. This chapter examines the
most suitable level and type of baseline to be most effective, efﬁcient and equitable. The
following chapters go on to examine the importance of robust measuring and monitoring, and linking generated forest credits to trading systems.

9.2

Baseline level

National baselines or reference levels should be used to prevent intra-national leakage.
A baseline-credit system for non-Annex I countries could initially generate credits
for reductions in forest emissions on a no-lose or limited liability basis. This could be
undertaken under a new mechanism or within a radically reformed Clean Development
Mechanism.
The level against which performance is assessed affects the effectiveness, efﬁciency and
equity of a baseline-credit system, particularly the level of leakage (reductions in deforestation in one area leading to increases in another).

9.2.1

Baseline level options

Sub-national-level baselines
Baselines can be established for individual projects, as is the case for afforestation and
reforestation (A/R) projects under the Clean Development Mechanism (CDM). In this
case, the target area is treated as an independent unit. A business as usual reference level
is established and credits are awarded when emissions are below this level. An important advantage of sub-national-level baselines is that the outcome of the project is free
of uncertainties related to deforestation levels outside the project area. This feature is
important where uncertainties related to governance issues could discourage investors
from projects if their outcome is inﬂuenced by what happens outside the project area.
This independence, however, is also a weakness of project level accounting. The
forestry sector is widely considered particularly vulnerable to leakage. In this context,
sub-national-level accounting might lead to a situation where successful individual projects are rewarded but their gains are totally or partially offset by increased emissions
from deforestation in areas outside the area covered by the project. The risk of leakage
with project-based approaches is considered to be much greater for deforestation projects
than for A/R projects. This is a major reason why A/R projects have been included under
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the project-based CDM for the ﬁrst commitment period under the Kyoto Protocol, while
deforestation projects have been excluded.
National-level baselines
Baselines could be established at the country-wide level. In this case, credits would be
awarded when the total emissions from the forest sector in the country falls below a
national reference level. An important advantage of this level of accounting is that it
captures intra-national leakage, as incentives are connected to the net reduction in emissions at the national level. Another important advantage of national-level accounting is
that it is likely to lead to a greater involvement of national governments. And it is widely
accepted that some of the most important underlying causes of deforestation are decided
or heavily inﬂuenced by national-level policies.1 The promise of sustained incentives
might shift some of these long-term development policies towards a more sustainable
pathway. Affecting these policies is a key factor for the success of a scheme to reduce
emissions from deforestation (see Chapter 4).
National-level accounting does not solve all the issues. Potential for international
leakage remains. It has been suggested2 that the total incentive to be paid to forest
nations could be calculated at a global level and subsequently divided among individual
nations according to their relative performance. Although this option could eliminate
the threat of leakage at all levels, it would increase the uncertainties to each individual
forest nation, which could in turn lead to limited mitigation efforts. The most practical
way of avoiding international leakage is probably to design an incentive system that is
acceptable to a broad range of countries.

9.2.2 Advantages of national-level baselines
National-level baselines are the most appropriate for an international agreement between
nations (see Table 9.1). Although not a perfect solution, they deal with the serious threat
of intra-national leakage and are likely to encourage the participation of national governments. As many of the key drivers of deforestation are strongly linked to national-level
policies, involvement of national governments is important for the success of a scheme
to reduce emissions from deforestation. The adoption of national-level baselines respects
the sovereignty of nations and gives them ﬂexibility to decide what sort of internal distribution of incentives is best suited to them. Due to considerations such as these, the Bali
Decision on deforestation in developing countries (in indicative guidance for demonstration activities), states that: ‘emission reductions from national demonstration activities should
be assessed on the basis of national emissions from deforestation and forest degradation.’ 3
It is important to bear in mind, however, that incentives need to reach local actors in
the deforestation process. The risk of marginalisation of local communities, sometimes
associated with centralised schemes, also needs to be addressed. Furthermore, adopting
national-level baselines in an international agreement does not preclude countries from
exploring sub-national-level activities within its borders. Many countries may wish to
adopt a sub-national scheme of incentives partially connected to the national scheme.
These issues are dealt with in more detail in Chapter 12.
1
2
3

Geist and Lambin (2002)
Strassburg et al (2007); Mollicone et al (2007)
Decision 2/CP.13: Reducing emissions from deforestation in developing countries: approaches
to stimulate action (2007)
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Given that under the current international system, REDD is not included under the
CDM while A/R activities are covered only at a sub-national (project) level, moving to a
national approach will require substantial reforms. One option is the creation of a new
mechanism outside the CDM for setting baselines, monitoring emissions reductions and
accreditation. Alternatively, the CDM would need substantial reforms for scaling up projects to the national level. Some progress has been made in scaling up from projects to
programmes at the sub-national level. Parties agreed at Montreal in 2005 that projects
could be undertaken under a Programme of Activities (PoA) to be considered by the CDM
board.4 As part of a study commissioned by this Review on scaling up forestry and other
land-use mitigation activities in non-Annex I countries, the majority of CDM project
developers interviewed were reluctant to be pioneers in undertaking a PoA due to the
unknown cost, time and complexity of the additional processes involved.5 In addition
to these potential barriers to participation, the international community will need to
determine whether the CDM, originally designed as a project-level mechanism, can be
reformed sufﬁciently rapidly into a national-level mechanism with different objectives
and procedures.
Table 9.1: Assessment of national versus sub-national baseline levels

4
5

Level

Effectiveness

Efﬁciency

Equity

Sub-national
Each project is
treated as an independent unit

(+) Safer for individual project investors as payoff is independent from what
happens outside.
(-) Highly vulnerable
to leakage.
(-) Might not get the
involvement of the
national governments/ inﬂuence
national policies.

(-) Higher transaction
costs.
(-) Project area
approach may be less
cost-effective than
a national policy
approach.

(-) Marginalised
groups may have
less access to the
market.

Decision CMP1: Further guidance relating to the clean development mechanism (2005)
Schlamadinger and Baalman (2008)
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Level

Effectiveness

Efﬁciency

Equity

National
Refers to the net
national emissions
from deforestation
in a given country

(+) Captures intranational leakage.
(-) Still vulnerable
to international
leakage.
(+) Government
policy levers are
activated (but
incentives need to
reach local actors)
(+) Possible inﬂuence on long-term
development policies
towards sustainable
development
(-) Might discourage
investors from
individual projects,
especially when
governance challenges are present.

(+) Possible economies of scale on
transaction costs.
(+) Changing/
enforcing policies/
laws could be very
cost effective.

(+) Might
promote more
equitable
distribution of
beneﬁts within
country.
(-) Risk of
infringements
of indigenous
peoples’ rights.

9.3

Determining the baseline

To ensure that emissions reductions are additional, incentives should be linked to global
business as usual emissions.
Baselines that take account of the global average deforestation rate can incentivise
action to retain or enhance standing forests. Credits for avoided deforestation would
represent payment for a global service, especially as successful action in high-deforesting nations may increase pressure to deforest in nations where deforestation rates
are currently low.
In order to meet all the above criteria, baselines should take account of a country’s
historical emissions rate and the global average deforestation rate. This will ensure that
emissions reductions in the global forest sector are additional, while acting against
international leakage by being inclusive.
Credits would be awarded for emissions reductions below a baseline, or reference level, at
the end of an agreed crediting period, which is the time over which an agreed baseline
remains valid for accounting purposes (see Figure 9.1). Baselines are often thought of
in terms of historical emissions, but the level need not be purely historical, particularly
when countries with a track record of low rates of deforestation are considered. This
section sets out the different options and appraises them, particularly with regard to:
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s the need to ensure real reductions compared with business as usual (additionality);
s international leakage (reductions in emissions in one country causing increases in
emissions in another);
s the incentive to retain or enhance standing forests.
References to emissions from deforestation also include emissions from degradation,
unless stated otherwise.
Figure 9.1: Illustration of a baseline-credit system
Forest
emissions

historical level carried forward

baseline

Credits awarded on the basis
of the difference between
baseline and actual
actual

Time

9.3.1

Types of baseline

Historical baselines
The ﬁrst scientiﬁc6 and national7 proposals for incentive mechanisms to reduce emissions from deforestation suggested that reference levels should be set based on historical
emissions. The baseline could be set based on emissions that occurred before a particular
historical date, such as the start of the current discussions in the UNFCCC in December
2005. It has been proposed that a crediting period of ﬁve to ten years should be used,
to help smooth inter-annual variations in deforestation rates. The general formula for a
historical baseline is described in Box 9.1.

6
7

Santilli et al (2005)
UNFCCC (2006)
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Box 9.1: Formulae for crediting against historical and stock/
average baselines
Historical baseline
Under a historical baseline, emissions reductions are calculated as the difference
between actual net emissions from deforestation, degradation and forestation at the
end of a time period (Et) and the actual emissions at the beginning of the time period
(PE). The ﬁnancial reward for the reduction would also depend on the price per tonne
of carbon ($ per t CO2e). This is summarised in the following equation (note that emissions are net emissions from deforestation, degradation and forestation, which can be
positive, zero or negative).
Equation (1):

It= (PE – Et) x ($ per t CO2e)

where It = a country’s incentive in year t; PE = past emissions as annual average emissions in
a given period; and Et = emissions in year t.
Stock/average baseline
Under a stock/average baseline, emissions reductions are calculated as the difference
between actual net emissions at the end of the time period (Et) and the expected emissions from that country if it were to deforest at the global average. This is summarised
in the following equation:
Equation (2):

I2 = EE – Et

where EE is the expected emissions from that country (the product of its forest/carbon
stock and the average global deforestation/emissions rate).
An advantage of this approach is that it offers greater incentives to countries that have
experienced high deforestation in the recent past. This may lead not only to relatively
faster reductions in deforestation in the short term, but also increases short-term additionality. However, the historical approach has some drawbacks (see Table 9.2). On the
equity side, it might not be desirable for countries that have been protecting their forests
to be penalised by their ‘good’ past behaviour. In addition, the reduction of deforestation rates in high-deforesting countries would probably lead to increased pressure for
conversion of forests elsewhere, particularly for agricultural expansion. The potential for
international leakage towards those countries that would be receiving low or no incentives would increase. That could lead to a situation where high-deforesting countries are
rewarded by reducing their rates but increased deforestation in other countries offsets the
mitigation beneﬁts.
Stock/average emissions baselines
Some have argued8 that incentives should be directly connected to forest area or forest
carbon stock, regardless of countries’ past deforestation rates (see Box 9.1 for a general

8

Strassburg et al (2007); TCG (2008)
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formula for a stock/average emissions baseline). The goal would be to maximise the
emissions reduction scheme’s coverage by increasing the value of standing forests
throughout the developing world. This broader coverage would minimise the threat of
international leakage.
This approach requires careful attention to additionality. The potential for rewarding
more reductions than would occur in the absence of the scheme is high, since the annual
deforestation rate is relatively low compared with total forest stock (around 0.2 per cent9).
These rewards are often referred to as hot air.
An alternative proposal10 assumes that all carbon contained in legally, physically and
economically accessible areas in the developing world would be emitted within the
next 50 years. Each country would calculate its total accessible carbon and a baseline
would then be constructed assuming that all the accessible carbon would be emitted at a
constant rate over the next 50 years.
Another proposal11 incorporates a direct link with forest/carbon stock into the standard UNFCCC baseline concept. The authors argue that it is fair to assume that over the
long run all developing countries would deforest at the average global rate. A baseline
would be estimated based on the global average emissions rate and each country’s carbon
content. Under this approach, the sum of all countries’ baselines equals the global baseline. As a consequence, regardless of the level of additionality for each country, additionality at the global level would be guaranteed and the scheme would be free of hot air.
However, there are several challenges to making this approach workable (see Table 9.2).
Projected baselines
A projected, or business as usual, baseline anticipates future emissions from deforestation, usually based on past deforestation and projections for key social, economic, political and technological variables. Some regional estimates have been published based on
models that incorporate some or all of these variables.
In theory, projected baselines are the perfect reference levels. If it were possible to
predict when and where deforestation would occur without an incentive scheme, additionality would be maximised and incentives would be offered at the appropriate level to
all forest countries, minimising the risk of leakage.
In practice, the mix of drivers behind deforestation are complex and difﬁcult to quantify accurately (see Chapter 3), while the future behaviour of key variables is uncertain.
In addition, projected baselines provide perverse incentives to countries which would
beneﬁt from publishing future plans for major deforestation activities simply to receive
more ﬁnance for curtailing them. Consequently, it is unlikely that a projected baseline
based on model results would be an acceptable target for reducing emissions. However,
projection models and the underlying understanding of past trends are likely to be used
in negotiations to agree country baselines and will be of great importance in the design
of national or local policies to tackle deforestation.
Combined (historical and average) baselines
A fourth type of baseline combines historical and average baseline levels, maximising the
strengths and minimising the weaknesses of each.
9 FAO (2006)
10 TCG (2008)
11 Strassburg et al (2007)
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One approach would be to use historical emissions rates for high-deforesting countries
while offering low-deforesting countries a fraction of the global average deforestation
rate as their baseline rate.12 In this way, high-deforesting countries would receive incentives to join the scheme in the short term and low-deforesting countries would receive
greater incentives than under a scheme based solely on historical rates.
The total incentive can be calculated on the basis of global performance and then
allocated to forest countries according to their relative performance. This step would help
ensure global additionality and take into account international leakage. On the other
hand, it would make the incentives received by each forest country partially connected to
the behaviour of all other forest countries. In addition to being politically sensitive, this
would increase the uncertainties for each forest country. This approach would continue
to give the highest incentives to countries with the highest deforestation rates, which
might be viewed as inequitable.
Another approach would offer forest countries incentives for improved performance
compared with both historical and average rates (see Box 9.2). The ﬁrst incentive is based
on a historical baseline (in a similar way to the pure historical baseline approach). The
second incentive is based on a global average baseline. A country would be rewarded
for emitting less than the global average. This acts as a safeguard against international
leakage by giving forest nations with standing forests and a record of avoided deforestation an incentive not to revert to deforestation (this is similar to the average baseline
approach).
All forest countries would receive a combined incentive with the historical and average
components weighted together. An interesting feature is the way in which these incentives could be combined. It has been shown that by making the weight of each incentive
variable, a scheme based on these combined incentives could be sufﬁciently comprehensive to include all countries in a single formula and ﬂexible enough to combine shortterm realities with long-term sustainable goals.13

Box 9.2: Combined (historical and average) baseline
A combined historical and average baseline can maximise the strengths and minimise
the weaknesses of the historical and average baselines when used independently. The
following formula is one example of this combination approach.14 The ﬁrst incentive
would reward a country for reducing emissions in relation to a baseline period (ie
against historical emissions):
Equation (1):

I1 = PE – Et

where PE is the past emissions from that country in an agreed period and Et is its
emissions in year t.

12 Mollicone et al (2007)
13 Strassburg et al (2008)
14 Strassburg et al (2008)
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The second incentive would reward a country for maintaining emissions below the
global average rate:
Equation (2):

I2 = EE – Et

where EE is the expected emissions from that country (the product of its forest/carbon
stock and the average global deforestation/emissions rate).
Under the combined baseline approach, all forest countries would receive both
incentives at the same time. The relative weight of each incentive is adjustable. The
factor α weights the incentives between historical and average/stock incentives. So the
mechanism baseline formula would be:
Equation (3):

CI = [α (I1) + (1 – α)(I2)] x ($ per t CO2e)

where α ranges from 0 to 1. Countries with high historical rates of deforestation receive
incentives to reduce forest emissions from the historical component of the equation.
At the same time, countries with standing forests and a track record of avoided deforestation receive incentives to keep deforestation rates low, zero or negative (eg if rates
of ARR are high), rewarding good forest policies and reducing the risk of international
leakage of deforestation to these countries. By offering incentives to countries with
both high and low deforestation rates, such an approach could be sufﬁciently comprehensive to minimise international leakage.
Another interesting feature of this model is that, if the weighting factor α is the
same across all countries, the weighted sum of all countries’ baseline equal the global
baseline. As a result, even if additionality is not met in a speciﬁc country, global-level
additionality would still be guaranteed. In this way, the mechanism would not generate
hot air compared with the deforestation rate at the time of the agreement. If it were
decided that the business as usual global deforestation rates should go down after a
certain period of time, these terms could be modiﬁed proportionately and additionality
could be maintained.

9.3.2

Assessment of different baseline types

The Bali Decision on deforestation in developing countries states that: reductions in
emissions or increases resulting from the demonstration activity should be based on historical
emissions, taking into account national circumstances.15 A combined baseline need not be
inconsistent with this goal, as emissions would still be estimated against a historical
reference. At the same time, adding the component based on global average emissions
may help reach agreement.
Baselines based on stock or average emissions rates would be likely to have a comprehensive coverage over the long term, as the scheme would be directly related to the
remaining forest area or carbon stock. This would offer incentives to countries in all
stages of the deforestation process. However, given that deforestation rates in some
countries are currently substantially higher than the average global rate, it would offer
these high-deforesting countries little incentive to try to reduce rates below the average.

15 UNFCCC Decision 2/CP.13
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Consequently, stock/average baselines are unlikely to be negotiable and even if put in
place would probably result in high-deforesting countries simply allowing high rates to
continue (see Table 9.2).
Table 9.2: Assessment of four types of baseline
Type

Effectiveness

Equity

1. Historical
Based solely on past
emissions from each
country

(+) Higher incentives to countries
currently with higher deforestation rates.
(+) Suitable for short-term reductions.
(-) Little incentives to countries with
low, zero or negative deforestation rates
in the recent past.
(-) Vulnerable to international leakage
to countries that would receive low
incentives.
(-) Not suitable as long-term solution.

(-) Offers smaller
rewards to countries that have
been protecting
their forests.

2. Stock/average
Based on current forest/
carbon stock of each
country and possibly a
global average deforestation/emissions rate

(+) Incentives offered to countries in all
stages of the deforestation curve might
minimise risk of leakage.
(+) Directly connected to remaining
forest area/carbon stock.
(+) Using average global rates for all
countries eliminates risk of hot air.
(-) But a pure carbon stock approach
would produce substantial hot air.
(-) Little incentive for high-deforesting
countries to join in the short term.

(+) Does not
penalise or
reward countries
for behaviour
prior to the
establishment of
the scheme.

3. Projected
Based on past deforestation and estimates
of future deforestation
drivers and key social,
economic, political and
technological variables

(+) If possible to estimate, offers highest
level of additionality.
(+) If properly estimated, should offer
appropriate incentives to countries in
different stages of the deforestation
process, minimising risk of leakage.
(-) Sensitive to model assumptions
about deforestation drivers and future
behaviour of key economic, social,
political and technological variables.
(-) Individual model results too uncertain to be agreed as the base of an international agreement.
(-) Can create perverse incentives.

(+) Socioeconomic
circumstances
would be
reﬂected.
(+) Understanding needed
to develop
models would be
relevant to negotiated outcomes.
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Type

Effectiveness

Equity

4. Combined (historical and average)
A combination of
historical and average
baselines

(+) Could be sufﬁciently comprehensive
to include countries at all stages of the
deforestation process.
(+) Minimises risk of international
leakage.
(+) Adjustable across countries,
if required by speciﬁc national
circumstances.
(+) Adjustable over time, conciliating
short- and long-term incentives needs.
(+) Based on simple and transparent
available data.
(+) If properly calibrated, can guarantee
additionality among participating
countries.
(=) Requires proper calibration.

(+) Can converge
to the equitable
distribution of
average baselines
over time.
(-) Offers higher
rewards to
high-deforesting
countries,
although to a
lesser extent
than purely
historical
baselines.

A combined baseline has the potential to be sufﬁciently comprehensive to attract countries at all stages of the deforestation process over both the short and long term. Countries with high historical rates of deforestation receive strong and realistic incentives to
reduce forest emissions. At the same time, countries with standing forests and a track
record of avoided deforestation would receive incentives to keep deforestation rates low,
zero or negative (if, for example, rates of ARR are high). This rewards countries with a
history of responsible forest policies while reducing the risk of international leakage of
deforestation to these countries. Achieving the appropriate balance between additionality and avoided international leakage is key. A baseline with a ﬂexible combination
of historical rates and incentives for countries with low deforestation or net sequestration could therefore be the most equitable and effective type of baseline for a scheme of
incentives to reduce emissions from deforestation.
Modelling commissioned for this Review examined the effectiveness and equity of
different types of baseline.16 The results showed that the combined baseline performed
best in terms of incentives for a wide range of forest nations, while providing a balance
between additionality and leakage (see Table 9.3). Under a historical baseline ( = 1), the
results are highly inequitable, with high-deforesting countries gaining the most and lowdeforesting countries gaining the least as predicted. The ﬁnancial gains to some forest
nations with very high levels of deforestation are over twice that of the average in the
model. At the same time, countries with a track record of avoided deforestation received
no incentives at all. This would put signiﬁcant pressure on these countries to start deforesting, leading to international leakage.
Under a stock/average baseline (α = 0), low-deforesting countries and countries with
no deforestation gain 45 per cent of the total incentives in the model. This is despite the
fact that deforestation rates are not lowered substantially in these countries relative to
historical emissions. Furthermore, as set out above, it is unlikely that high-deforesting
16

Strassburg (unpublished)
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countries would be able to reduce deforestation rates sufﬁciently rapidly to receive any
incentive in the short term.
In contrast, under a combined baseline model (Box 9.2), forest nations with high,
low and zero net deforestation rates all gain. This is only one of various models for a
combined baseline, and the results should be seen as indicative. Any baseline will need
to be carefully negotiated by the international community to ensure the right balance of
additionality, prevention of international leakage and equity for developing countries.
Table 9.3: Financial incentives for forest nations under different types of baselines
Country
(level of
deforestation)

Historical
deforestation (%)

Financial incentives (% of total)

Combination
baseline

Combination
baseline

Stock/
average
baseline

α =1

α = 0.9

α = 0.5

α =0

Historical
baseline

Very High

1.1

44

41

30

16

High

0.7

28

27

23

19

Average

0.5

20

20

20

20

Low

0.2

8

9

15

22

Zero

0.0

0

2

12

23

Global

0.5

100

100

100

100

Note: See Box 9.2 for principles of the model, including levels of . Model
runs based on a carbon price of $30 per tonne. All countries in the model are
assumed to have the same forest area, the same carbon stock, and reduce their
deforestation rates from the historical level by the same proportion.

9.4

Baseline trajectories

Baselines should change over time by means of a renegotiation linked to an indicative
trajectory which would help ensure additionality and facilitate reaching agreement.
Forest emissions baselines are unlikely to remain static over time. The principal reason is
that business as usual forest emissions projections are not static. Many forecasts (though
not all – see Chapter 2) project declining forest emissions over time as more forest area is
lost to deforestation and degradation and consequently fewer opportunities exist to clear
forest. Baselines need to move downwards as deforestation rates are reduced to ensure
that credits awarded against them are additional. Furthermore, as developed countries
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address their historical liability for current emissions through deeper cuts and provision
of funds to developing countries, the latter will be expected to take on greater climate
change commitments themselves over time. This should include baselines that decrease
over time at a higher rate than business as usual projections.
There are two principle means by which baselines can be adjusted: periodic negotiation
or a more automatic adjustment according to a pre-determined trajectory. Negotiations
provide more ﬂexibility, particularly if country-speciﬁc circumstances need to be taken
into account. On the other hand, a rules-based trajectory can provide clearer targets that
are not subject to political interference. The best solution, and probably one that is most
likely to be negotiable, is a system under which baselines change over time by means of
a renegotiation linked to an indicative trajectory which would help ensure additionality
(see Figure 9.2).
The indicative trajectory would need to be set according to a number of factors. These
should include:
s a target for emissions reductions that contributes to a global stabilisation trajectory
that minimises the risk of dangerous climate change;
s the impact on mitigation costs of starting to make deep cuts sooner rather than later;
s realistic incentives for forest nations given their current emissions levels and the time
it would take to make the governance and policy changes necessary to produce signiﬁcant emissions reductions.
Figure 9.2: Illustration of baseline trajectory over time
Forest
emissions

historical le el carried forward

credits
credits

diminishing
baseline

no-lose baseline
can become binding
cap in the long term

increasing share
of domestic effort
o er time

actual
emissions

Time
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Conclusion

Effective targets are essential for a successful climate change framework that genuinely
leads to strong reductions in carbon emissions. The forest sector is no different from
other sectors in this regard. With the right type of baseline, or reference level, emissions
reductions that take account of deforestation, degradation and ARR can be made effective and equitable.
A combined baseline has the potential to be sufﬁciently comprehensive to attract
countries in all stages of the deforestation process over both the short and long term.
Countries with high historical rates of deforestation receive strong and realistic incentives to reduce forest emissions. At the same time, countries with standing forests and a
track record of avoided deforestation receive incentives to keep deforestation rates low,
zero or negative (for example, if rates of ARR are high). This incentivises action to retain
and enhance standing forests while reducing the risk of international leakage of deforestation to these countries. Getting the right balance between additionality and avoided
international leakage is key. A baseline with a ﬂexible combination of historical rates
and incentives for afforesting and low-deforesting countries is therefore the most equitable and effective type of baseline for a scheme of incentives to reduce emissions from
deforestation.
While the right type of baseline is key, it can only be as effective as the strength of
national measuring and monitoring procedures. The next chapter sets out the importance of technology and capacity building to ensure that measuring and monitoring
forest emissions at the national level is robust.

10. Measuring and
monitoring emissions
from forests
Key messages
Emissions reduction targets can only be monitored effectively if carbon emissions are
estimated robustly and uncertainties are managed and quantiﬁed.
Robust measurements can be achieved using appropriate techniques and comprehensive and internationally consistent approaches. Forest emissions can be estimated with
similar conﬁdence to emissions estimates for other sectors.
Satellite technology, which offers transparent, consistent and rapid global
coverage, can be used to map forests and identify their characteristics. This is then
combined with research on the ground to calibrate satellite data and provide carbon
density information.
Deforestation, afforestation and reforestation can be monitored effectively using satellite
technology to assess changes in forest cover and land use. Monitoring forest degradation is more challenging, although recent developments in remote sensing, coupled
with ground work and additional data such as proximity to roads, can be effective.
The IPCC has developed internationally agreed measures and guidance and these should
be used to achieve consistency in monitoring and transparency in reporting. The IPCC
Good Practice Guidance has resulted in major improvements in developed country
estimates of agriculture, forestry and other land use. However, capacity building and
national-level research will be needed in many other countries.
In countries where capacity is still developing, methodologies used may be less accurate. In these cases, conservative estimates of emissions and emissions reductions
should be used.
Some of the poorest countries will not be able to build sufﬁcient capacity in the
short term. For these countries, similar methods described for national-level measuring
and monitoring could be applied to sub-national programmes.
Review and veriﬁcation of forest emissions are important to ensure that reductions are
additional and long-lasting. Satellite images of changing forest cover provide a greater
degree of transparency in monitoring forest emissions reductions than monitoring in
other sectors.
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An estimated $50 million will be needed for a sample of 25 forest nations to set up
national forest inventories, with a further $7-17 million needed for annual running costs.
Technological advances, knowledge sharing and international cooperation can reduce
these running costs over time.

10.1 The importance of robust measuring
and monitoring
Emissions reduction targets can only be monitored effectively if carbon emissions are
estimated robustly and uncertainties are managed and quantiﬁed.
Robust measurements can be achieved using appropriate techniques, and comprehensive and internationally consistent approaches. Forest emissions can be estimated with
similar conﬁdence to emissions estimates for other sectors.
Emissions reductions and targets are only as effective as the robustness with which they
are calculated (see previous chapter for a discussion of targets). Emissions reductions can
be underestimated or overestimated. Overestimating emissions reductions can lead to
the appearance of targets having been met when this is not the case, with higher levels
of emissions entering the atmosphere than reported. The risk of failure to meet global
targets therefore increases if emissions reductions are not adequately measured, monitored and veriﬁed.
A robust system of measuring and monitoring requires that emission inventories are
comprehensive and internationally consistent to enable veriﬁcation of emissions reductions; and that uncertainties in measurement are quantiﬁed and managed. This chapter
focuses on the factors inﬂuencing carbon stocks in forests; the process of measuring and
monitoring forest stocks and emissions; and reducing the uncertainties in measurement
through best practice technologies and techniques.
The capacity of forest nations to measure and monitor their forest emissions and
sequestration varies greatly. Methodologies need to accommodate this variation to allow
as many nations as possible to produce comparable outputs. The IPCC has developed
internationally agreed Good Practice Guidance for compiling emissions inventories,
and provided the framework for using remote sensing and ground based data to achieve
consistency in monitoring and transparency in reporting. Progress towards this approach,
and the costs and resources needed to build the necessary capacity to implement it, are
presented in the second half of this chapter.
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10.2 Measuring carbon stocks in forests
Satellite technology, which offers transparent, consistent and rapid global coverage,
can be used to map forests and identify their characteristics. This is then combined
with research on the ground to calibrate satellite data and provide carbon density
information.

10.2.1 Factors inﬂuencing carbon stocks in forests
There is wide geographic variation in forest carbon stocks. A range of factors inﬂuence
the quantity and distribution of these stocks, including climate, geology, tree maturity
and natural disturbances.
s Climate plays a major role in determining carbon densities (see Chapter 2). The FAO’s
classiﬁcation of ecological zones uses climate as the main criterion to categorise forests
and the IPCC has collated estimates of above-ground carbon densities in these forest
types (see Figure 10.1).
s Geology and soil type can exert a strong inﬂuence on the quantity and distribution
of carbon stored in a forest. For example, the carbon stored in the active soil layer of
tropical peat forests in Borneo can be four times higher than that in tropical lowland
forests in Bolivia.1
s As forests sequester carbon as they grow, the maturity of a forest affects its carbon
density. This is particularly important when considering the carbon stocks of areas
being forested and harvested. For example, a species of Pinus grown in tropical Africa
holds on average nearly four times more above-ground carbon in forest plantations
that are over 20 years old than in those less than 20 years old.2
s Finally, disturbances such as ﬁre, ﬂoods and droughts can result in carbon losses. These
can be human induced or naturally occurring. For example, intense ﬁres are part of
the natural disturbance regime in the southern boreal mixed wood forests of Quebec.3
Carbon stocks of the forest ﬂuctuate as a result of disturbances, and are higher before a
ﬁre than afterwards. Knowledge of the disturbance regime can therefore help calculate
more robust, time-averaged forest carbon stocks.

1
2
3

Brown et al (2008)
IPCC (2003)
Bergeron and Harveu (1997)

Key – Forest type, criteria and above-ground carbon (tCO2 /ha)

Figure 10.1: FAO Ecological zones and IPCC above-ground carbon densities
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10.2.2 Techniques for measuring carbon stocks
Forest types with similar carbon densities and proﬁles can be identiﬁed by recognisable
characteristics. Uncertainty over different carbon densities and proﬁles of forests can
therefore be reduced by (i) mapping forests; (ii) stratifying forest areas into ecosystem
types with similar characteristics and sampling accordingly; and (iii) estimating
carbon stocks.
Mapping of forests can be undertaken from the ground and from above. Ground
observations can provide detailed information about forest characteristics. Measurement
techniques range in accuracy from estimations of canopy cover and tree height using
the naked eye or the Cajanus tube,4 to the use of regression models based on speciﬁc
parameters.5 However, ground-level work is time consuming and relatively expensive for
a national-level inventory.6 Remote sensing using satellites is less expensive as it covers
large areas and produces rapid, consistent and transparent data (see Table 10.1).7 Satellites
provide images at three broad resolutions and these determine the minimum mapping
area, cost and time to process (see Table 10.1). A combination of satellite imagery and
ground observations can therefore provide a powerful tool for mapping. Box 10.1 outlines
some of the techniques available for mapping and monitoring, while Box 10.2 details
several case studies that have used these techniques.
Table 10.1: Satellite resolution, minimum mapping areas and costs
Resolution

Example
satellites

Minimum mapping area

Cost per 1000 ha

Less than 5m

Quickbird,
IKONOS

Less than 0.0025 ha

$140 to $210

20m to 30m

Landsat, ERS-2

Around 0.05 ha

$0.2 to $1.4*

250m to 1km

MODIS, MERIS

Around 20 ha

Free

* Archive data from select past years is available for free

4
5
6
7
8

Rautiainen et al (2005). A simple hand-held periscope like device used to look upwards with
the aid of mirrors.
Korhonen (2006)
Korhonen (2006)
Based on Hardcastle et al (2008) estimate of $1000 and 19 days for an extensive ground survey
for 1000ha.
Hardcastle et al (2008)
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Box 10.1: Techniques for forest inventory, mapping
and monitoring
A range of techniques are available for gathering and interpreting forest inventory data
and monitoring land use change over time.
Remote sensing technology
Remote sensing involves obtaining information without direct contact, for example
using aerial photography or satellites. Forest mapping and monitoring is principally
done by satellites. There are three main types that are useful for earth observation:
s Multi-spectral: This measures reﬂected energy from the sun, mainly within visible
and infrared wavelengths. Satellites include MODIS, Landsat and IKONOS. Using a
combination of different wavelengths enables detection of many forest characteristics, and data from different satellites can then be combined. There are many satellites available at different resolutions, from one metre to 1000 metres, with daily to
monthly frequencies.8 The main disadvantage of multi-spectral satellites is that their
imagery is obscured by cloud cover.
s RADAR (Radio Detection and Ranging): This emits and collects microwave and
radiowaves to derive forest characteristics. There are currently relatively few RADAR
satellites available. Examples include the Earth Remote Sensing Satellites (ERS 1 and
2), the Canadian Space Agency’s RADARSAT and Japan’s Earth Resources Satellites
(JERS 1 and 2). Further projects are in development, such as the European Space
Agency’s Sentinel-1, due to be launched in 2011.9 RADAR also offers some potential for measuring tree height, which can be used to calculate biomass and then
carbon,10 although this method requires further development.
s LIDAR (Light Detection and Ranging): This emits a laser pulse and calculates distance
from the time elapsed to receive the reﬂection. This information on forest volume
and structure can be used to calculate above-ground carbon estimation using mathematical relations. Currently LIDAR is available only through attachment to aircraft,
so it only provides local coverage.
Remote sensing data interpretation techniques
Data interpretation techniques range from simple visual interpretation to applying
complex algorithms to satellite data – and the level of training required varies accordingly. An increase in the sophistication of the technology generally increases the infrastructural costs but can reduce the processing time. However, rapid mapping can be
achieved using unsupervised techniques on satellite data (that is, using an existing
algorithm for classifying vegetation type without applying knowledge of the area to
supervise the process), although this means there is no quality control. Supervised classiﬁcation of satellite imagery can return more accurate results but requires a training
phase where algorithms are adjusted and developed for the area being mapped.
On the ground measurements
Ground work is required for carbon measurements and to verify desktop forest mapping

8 Hardcastle et al (2008)
9 Attema (2005)
10 Neeff et al (2005)
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(ie from satellite images). Field methods can simply involve collating qualitative data or
gathering repeated quantitative measurements from permanent plots. Qualitative data
can be quick and basic, such as noting the presence of a dominant species and relying
on existing research or expert knowledge to classify or quantify data for the forest.
This can be useful for verifying desktop forest mapping but produces low accuracy
data for carbon measurements. Establishing permanent plots and making repeated
measurements can provide accurate measurements for those plots but this method is
more time-consuming and costly.

Box 10.2: Case studies of rapid forest inventory and mapping
A study of the beneﬁts and limitations of different techniques in mapping and groundwork was commissioned for this Review from the Royal Botanic Gardens, Kew.11
The study describes a range of survey techniques and methodologies and provides
examples of their application in a variety of contexts. These range from rapid, desktop
studies using remote sensing imagery to measure trends in forest cover to full, multiphase, desktop and ground survey methods using data on biodiversity combined with
information on biomass and carbon sequestration, ecosystem services, vegetation
dynamics and other features.
The Kew report includes examples of the application of the survey methods to monitoring deforestation trends and examples of using monitoring techniques in measuring
past and present trends in vegetation cover and ﬂoristic content. It also discusses the
applicability of these methods to predictive mapping of vegetation responses to climate
change and other threats.
Example 1: Rapid mapping from satellite imagery/aerial photographs,
Mount Oku, Cameroon
Rapid mapping applies a combination of expert knowledge and dated satellite imagery
of the area. The approach is often used to study areas that have highly distinguishable vegetation types or where the vegetation classiﬁcation is straightforward, eg
forest or grassland. The major drawback with this method is that, in the absence of
ground-level veriﬁcation, the surveyor cannot be sure that their interpretation of the
imagery truly reﬂects the reality on the ground. However, this is a quick and cheap way
to map vegetation.
Mapping area 800Km2
Mapping scale 1:50,000
Overview: Mount Oku and the Ijim Ridge form the largest remaining patch of montane
forest in West Africa. It has exceptional levels of ﬂora and fauna endemism – especially among birds. Since 1987 an important conservation project managed by BirdLife
International has been working in the area, with the aim of reducing forest loss and
improving agricultural practices. This mapping project has assessed on the ground
effects of the conservation effort in this region. These were measured using traditional

11 Moat et al (2008)
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classiﬁcation of remote sensing data combined with aerial photographs for the older
dates. Because of the rapid change in terrain and the varying nature of the imagery,
all the data had to be corrected using elevation models derived from RADAR satellite
data. The results show strong spatial patterns of deforestation between 1958 and 1988
(more than 50 per cent of the montane forest was lost in this period) followed by a
regeneration period starting in 1988, just after the Conservation Project was created.
In the 1988-2001 period, 7.8 per cent of the 1988 extent of montane forest had been
recovered, mainly on the eastern side of the mountain.
http://www.kew.org/gis/projects/oku_cameroon/index.html

Example 2: Use of full survey techniques, Montserrat
Full surveys combine the use of satellite imagery or aerial photography with extensive
ground survey work, including the collection of quantitative data on plant biomass,
species density, dominance and frequency. These surveys are scientiﬁcally robust and
have quality control built into them. They are also repeatable, allowing them to be
used as the basis for detailed monitoring. However, they can be more expensive and
time consuming.
Approximate area mapped: 100Km2
Mapping scale: 1:25,000
Field methods used: Quantitative, ground point data onto ﬁeld data forms, permanent
plots
Desktop methods: Statistical methods, based on elevation and climate
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Overview: The Caribbean island of Montserrat was devastated by a huge volcanic eruption in 1997. This vegetation survey and map has been completed as part of the Darwin
Initiative project ‘Enabling the People of Montserrat to Conserve the Centre Hills’. As a
result of extensive ﬁeldwork undertaken during this project, planners and conservationists now have an accurate vegetation map and tool to help guide the island’s recovery.
Species and habitat monitoring continues to identify the most important areas for plant
diversity. With wider collecting, the aim is to produce a conservation checklist and Red
List for the whole island. Permanent biodiversity assessment points were established
by the project and on-going monitoring for several threatened species is helping to
further GIS and general knowledge of the biodiversity of the island at a national level.

http://www.kew.org/scihort/directory/projects/EnabMontserrCentreHi.html
Example 3: Retrospective monitoring: understanding changes and
trends, Madagascar
The Madagascar Vegetation Mapping project is the most notable example of Kew’s
involvement in large-scale monitoring of vegetation change. This project compared
satellite imagery from the 1960s with imagery from the present day in order to map
changes in vegetation cover. It has also established standards for the continual monitoring of vegetation into the future, with the creation of standard ﬁeld data forms and
panoramic photographs.
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Approximate area mapped: 590,000Km2
Mapping scale: 1:500,000 (ﬁnal mapping scale) – 1:125,000
(working scale)
Survey level: Full survey, with several iterations
Field methods: Quantitative, ground point data onto ﬁeld data forms
Desktop methods: Classiﬁcation of imagery and some statistical analysis
Overview: The Madagascar Vegetation Mapping Project was a four year project
(2003-2007), funded by the Critical Ecosystem Partnership Fund (CEPF) and managed
jointly by the Royal Botanic Gardens, Kew, the Missouri Botanical Garden, and Conservation International’s Center for Applied Biodiversity Science. The project was innovative in a number of ways. It employed state of the art remote sensing technology
and methodologies to delimit Madagascar’s vegetation. In addition to providing the
most thoroughly ground truthed vegetation map ever compiled for Madagascar – a
vital baseline for future monitoring of vegetation and landscape change – the study
included an analysis of past and present rates of vegetation loss for each type since the
1970s using Landsat imagery. This has helped to identify conservation priorities in a
country where only about 18 per cent of primary vegetation remains.
http://www.kew.org/press/madagascar_atlas.htm
Sampling reduces the costs of measuring by reducing the amount of data that needs to
be collated and processed from ground work and from satellites. In particular, stratiﬁed sampling by forest type and by risk factors (such as proximity to roads, population
centres and protected areas, and the suitability of the forest for other uses) can provide
cost-effective results and relatively high levels of accuracy, even with low sampling
intensities. The Noel Kempff Mercado Climate Action Project in Bolivia, for example, has
produced carbon stock assessments with less than 5 per cent errors with only 3 per cent
sampling intensity.12
Carbon is measured directly through lab work and using mathematical tools such
as allometric equations, which relate size and shape parameters such as tree diameter
to carbon stocks. Once these relationships have been established it is possible to create
models or use remote sensing data (eg LIDAR) to reduce the number of carbon measurements needed. Many relationships and models exist but to produce the highest accuracy,
ground work is needed to calibrate for the speciﬁc forest type.

10.3 Monitoring and verifying emissions
and sequestration
Deforestation, afforestation and reforestation can be monitored effectively, using satellite technology to assess changes in forest cover and land use. Monitoring forest degradation is more challenging, although recent developments in remote sensing, coupled
with ground work and additional data such as proximity to roads, can be effective.
Once the forest carbon in an area has been mapped, the next step in calculating forest
carbon emissions is to monitor any changes in the area. These may be major land use
12 Brown et al (2000)
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changes, including deforestation, afforestation and reforestation, or smaller scale changes
in forest structure, including degradation and restoration. These have different monitoring requirements and are discussed below.

10.3.1 Monitoring land use change
The level of emissions released as a result of deforestation will depend on the speciﬁc
land use change that has taken place, and this needs to be monitored in addition to the
overall reduction in forest size. This is also the case for sequestration of CO2 through
afforestation and reforestation. Consequently, net emissions from an area are determined
by the difference between the carbon stock in the original forest and the ﬁnal carbon
stock in the new land use that has replaced it.
A study commissioned for this Review13 assessed the potential emissions that would
result from the conversion of tropical forests to several different land use types. Figure
10.2 shows that conversion to soybean, maize or rice potentially produces 60 per cent
more emissions than conversion to palm oil.
Figure 10.2: Example carbon densities of different land uses

carbon stock CO2 / ha
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Intact forest
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Pasture
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Land use
Note: Original carbon density is based on average carbon densities for tropical forests from the IPCC
TAR. In reality, these vary geographically (see Figure 10.1)
Source: Miles et al (2008)

In general, land use change affects the carbon stocks held in vegetation more than
those in soils. However, when the soil has a high organic content, eg in peat swamp
forests, carbon emissions from the soil can be substantial following a change in
land use.14
Emissions are released at different times and intervals according to different land uses,
so sampling of time-averaged carbon densities of different land uses can improve the
accuracy of emissions calculations. Plantations, for example, are regularly harvested,
so carbon densities change during the cropping cycle. The nature of the end product
derived from the harvested wood is also important: some wood products, such as furni13 Miles et al (2008)
14 Hooijer et al (2006)
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ture, may not release the carbon held in them for over 100 years, while fuelwood may
release it within hours.
Different land uses, like forest types, can be identiﬁed by satellite data, which can be
used to detect properties such as leaf area and plant height of pasture and palm oil. This
data is then calibrated with ground level research. Land use changes can be detected by
geographically referencing data and comparing it with earlier maps. This information
can then be combined with time-averaged carbon measurement samples to estimate the
resulting emissions or sequestration.
The accuracy of monitoring land use changes depends on the minimum mapping area,
the interpretation techniques used and the frequency of data collection. A relatively high
level of accuracy is achievable. For example, a study over the Congo Basin using 30-metre
multi-spectral satellite data to identify areas of deforestation and ARR between 1990 and
2000 produced 91 per cent accuracy.15 Repeated monitoring is needed to ensure all forest
changes are accounted for and attributable to a particular time period. Both Brazil and
India undertake regular forest surveys. India undertakes a biennial forest survey classifying three different densities of forest canopy, scrubland and non-forest areas at the
one hectare scale over the entire country.16 Veriﬁcation using higher resolution satellite
imagery found the accuracy of surveys to be 92 per cent.17 Brazil has a system not only
for monitoring annual changes but also for lower resolution bimonthly assessments to
identify and prevent illegal deforestation (see Box 10.3). This demonstrates the feasibility
of monitoring land use change at a national level.

Box 10.3: Detecting deforestation in the Brazilian Amazon
The Review visited Brazil’s National Institute for Space Research (INPE) which is tasked with
assessing the extent and rate of deforestation in the Brazilian Amazon, an area covering
approximately 5 million square kilometres, using satellite images. INPE produces this
data in partnership with the Ministries of Science and Technology, Ministry of Environment and IBAMA, the environmental enforcement arm of the Brazilian government.
DETER (Near Real Time Deforestation Detection)
DETER allows estimates to be made of deforestation based on data gathered every few
days.18 It uses high frequency observation satellites in order to reduce complications
due to cloud cover. The high frequency of data allows DETER to supply IBAMA with
bi-monthly information on deforestation. Data is published monthly on the website
www.obt.inpe.br/deter. However, the resolution of DETER’s sensors is not sufﬁciently
high to estimate the total area of cleared land. For that, INPE employs better resolution
images produced by PRODES.

15
16
17
18

Brown et al (2008)
Brown et al (2008)
Brown et al (2008)
MODIS satellite data is used. NASA (2008).
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PRODES (Annual Deforestation Rate Assessment)
PRODES calculates the yearly consolidated deforestation rate in the Brazilian Amazon.
The satellites work on a 16 day and 26 day re-visit and provide precise images (within
a range of 20-30m),19 making it possible to detect any deforested area larger than
six hectares.
DETEX (Forest Exploitation Detection System)
This programme was established in 2007 and allows rapid intervention by members of
the federal environmental agency. The system collects images of 20 x 20m areas - in
contrast to PRODES (30x30m) and DETER (250x250m) – with the purpose of detecting
clearings in the forest due to selective logging activities.
INPE has a stated policy of free public access to all its deforestation data.
Brazil is one of only a few forest nations with the capacity to analyse satellite data.20
However, there is potential for Brazil to share this expertise with other tropical forest
countries, to support the development of their own forest monitoring capacity.

10.3.2 Monitoring forest degradation
Changes in forest carbon caused by forest degradation can be more difﬁcult to detect
than land use changes. Information about the type as well as the extent of degradation
is required in order to estimate emissions. Intensive ground work can be used to detect
forest degradation, although this is time consuming and costly over large areas. Degradation that creates a gap in the forest canopy, such as selective logging, can be detected
using very high resolution remote sensing, although this, too, can be costly (see Table
10.1). However, signiﬁcant progress has been made in the last ten years in detecting
forest degradation using combined satellite and ground work approaches. For example:
s The Carnegie Landsat Analysis System uses mid-resolution, multi-spectral Landsat
satellite data and atmospheric modelling to detect land use change in the Amazon. It
can detect selectively logged areas in the Amazon with 86 per cent accuracy.21
s Degradation can be inferred by proximity to roads, which can be detected by midresolution satellite data. A study in southern Cameroon found 80 per cent of anthropogenic forest disturbance was within two kilometres of roads.22
s Souza et al have developed the Normalized Difference Fraction Index, derived from
mid-resolution multi-spectral satellite data, to identify degraded forest, intact forest,
forest regeneration and recently and past logged areas. Their study of the east Amazon
using this technique produced a 93 per cent accuracy23 level when compared with the
very high resolution IKONOS data.

19 Landsat data is primarily used which has a repeat pass of 16 days. This is complemented by the
use of other satellite data such as CBERS with a 26 days repeat pass.
20 Hardcastle et al (2008)
21 Asner et al (2005)
22 Mertens and Lambin (1999)
23 Souza et al (2003)
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These examples illustrate that the accuracy of techniques to detect forest degradation
has improved considerably. However, further improvements could be made and more
research and development should be undertaken. Signs of forest degradation become
harder to detect from satellite data after one or two years, and so satellite data should be
collated regularly to ensure robust carbon accounting.24
Some types of degradation do not create gaps in the canopy, for example gathering
of deadwood and under-storey vegetation. This makes these activities much more
difﬁcult to detect, although factors such as proximity to population centres can be
used as an indicator. While these types of degradation tend to result in lower-impact,
short-term changes,25 further research should be undertaken in this area and in the area
of monitoring forest restoration, which can use similar techniques to those for monitoring degradation.

10.3.3 Monitoring and policy development
Monitoring data can be used not only for detecting land use change and forest degradation, but also for policy development. Understanding where deforestation or degradation
rates are highest and correlating that information with socio-economic data may help
policymakers identify the underlying drivers of deforestation and degradation.

10.4 International and national approaches to
measuring and monitoring
The IPCC has developed internationally agreed measures and guidance and these should
be used to achieve consistency in monitoring and transparency in reporting.
Signiﬁcant progress has been made on international standards for national-level forest
inventories, and the IPCC Good Practice Guidance has resulted in major improvements
in developed country estimates of agriculture, forestry and other land use. However,
capacity building and national-level research will be needed in many other countries.
In countries where capacity is still developing, methodologies used may be less accurate.
In these cases, conservative estimates of emissions and emissions reductions should
be used.
International standards and methodologies for measuring and monitoring are needed in
order for all countries to be able to produce comparable national emissions inventories.
These should enable countries with differing levels of expertise and capacity to calculate emissions that are as comparable as possible. The IPCC Good Practice Guidance has
resulted in major improvements in developed country estimates of agriculture, forestry
and other land use (AFOLU – previously known as LULUCF). However, capacity building
and national-level research will still be needed in many countries.

24 Souza et al (2003)
25 The gathering of deadwood for fuel, for example, has relatively low impact because deadwood
generally represents less than 10 per cent of forest carbon stocks, Brown et al (2008)
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10.4.1 National emissions inventories under the UNFCCC
Under the Kyoto Protocol, developed countries are required to use internationally agreed
guidance provided by the IPCC for estimating emissions from land-use, land use change
and forestry, and to submit this data on an annual basis (see Chapter 7). Developing
countries are also encouraged to use the IPCC methods for the inventories that they
produce on a periodic basis.
The introduction of Good Practice Guidance (GPG) by the IPCC in 2003 has resulted
in major improvements in developed-country AFOLU estimates (see Box 10.4)26 and use
of the IPCC guidance is increasingly widespread. As a means of estimating carbon stocks
and emissions, it also forms a useful basis in international agreements which seek to
extend incentives to reduce emissions from deforestation and forest degradation in developing countries, and to encourage conservation and sustainable forest management.

Box 10.4: Good Practice Guidance for national GHG emissions
inventories
The IPCC’s Good Practice Guidance for Agriculture, Forestry and Other Land Use
includes speciﬁc guidelines for the forest sector.
The guidance assists countries in producing inventories for AFOLU that are neither
overestimates nor underestimates so far as can be judged, and in which uncertainties
are reduced as far as practicable. It supports the development of inventories that are
transparent, documented, consistent over time, complete, comparable, assessed for
uncertainties, subject to quality control and quality assurance, and efﬁcient in the use
of resources.
The methods set out in the GPG are graduated into three tiers to accommodate
national circumstances. The most basic (Tier 1) contains default methods. Tier 2 has
the same mathematical structure as Tier 1 but uses more country speciﬁc data, while
Tier 3 provides ﬂexibility for more sophisticated methods. The tiers enable estimates
to be calculated with different levels of resources, while maintaining consistency.27 For
example, in calculating emissions from the conversion of forest to pasture, all forest
carbon stores may produce emissions but changes in above-ground carbon produce the
greatest emissions. So Tier 2 or Tier 3 should be applied, while litter, deadwood and soil
carbon produce smaller total emissions and Tier 1 could be used if resources are limited.
The guidance estimates deforestation as the sum of transitions from forest to other
land uses. Degradation would be estimated as long-run decline in carbon stocks, using
the methods for estimating emissions, removals and carbon stock changes associated
with forest management. GPG methods are also suitable for estimating total forest
carbon stocks and changes associated with sustainable management of forests. The
guidance covers all relevant biomass and dead organic matter carbon pools, including
litter and soils. There are methods for estimating uncertainties in annual estimates and
trends that could be used for conservative accounting which some have advocated as a
way to incentivise use of more accurate (in general, higher tier) methods.
26 In 2006 the IPCC produced the 2006 Guidelines for Agriculture, Forestry and Other Land
Use (AFOLU). The Parties are currently discussing the adoption of the 2006 Guidelines. The
Review therefore refers to the GPG which is the currently agreed guidance. The 2006 Guidelines use the GPG concept and the methods are consistent. In some cases the 2006 Guidelines
contain updated data and can be used as a scientiﬁc source when applying the GPG
27 IPCC (2006)
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Many developing countries have less experience of applying IPCC guidance than developed countries. Some forest nations currently have little or no data for mapping forest
carbon stocks, and capacity building and national level research will be required (see
Section 10.5).
In 2005, the UNFCCC initiated a REDD process that included providing further clariﬁcation on the IPCC guidance for reporting forest carbon emissions and sequestration
at the national level. GOFC-GOLD is the ad hoc REDD working group that focuses on
providing international consensus on methodological issues relating to quantifying
carbon impacts of implementation activities speciﬁcally for REDD. The working group
has produced a ﬁrst draft of a methodological sourcebook.28
In countries where capacity is still developing and methodologies used may be less
accurate, conservative estimates of emissions and emissions reductions should be used to
increase the conﬁdence that targets have been complied with. In this case, for example,
accounting of emissions from deforestation would be at, say, an upper agreed percentile of the uncertainty range rather than at the central estimate. This would provide an
incentive to introduce more accurate estimates and reduce the cost and capacity barriers
for countries to participate in forest mitigation activities.

10.4.2 Sub-national programmes
Some of the poorest countries will not be able to build sufﬁcient capacity in the short
term. For these countries, similar methods described for national-level measuring and
monitoring could be applied to sub-national programmes.
Measuring and monitoring forest emissions and sequestration at project and programme
level is similar to that undertaken at national level. The IPCC GPG also provides advice for
use at this level. The uncertainties associated with intra-national leakage would be expected
to be greater when measuring and monitoring at the sub-national level and this may have
implications for the types of incentives that should be made available (see Chapter 9).

10.4.3 Review, veriﬁcation and accreditation
Review and veriﬁcation of forest emissions are important to ensure that reductions are
additional and long-lasting. Satellite images of changing forest cover provide a greater
degree of transparency in monitoring forest emissions reductions than monitoring in
any other sector.
Review and veriﬁcation of forest emissions are important to ensure that reductions are
additional and long-lasting. Currently, procedures for national emissions inventories exist
under the UNFCCC for Annex I countries. These are reviewed annually by a group of
UNFCCC experts, with in-depth country visits every three or four years. This ensures
consistency and transparent use of GPG methods. International negotiations will need
to determine the level of review and veriﬁcation required for reductions in forest emissions in developing countries as is done for developed countries. However, any system
of national monitoring, reporting and veriﬁcation will need to follow some broad principles.29 International buyers will need assurance that real emissions reductions have
28 GOFC-GOLD (2008)
29 Peskett and Harkin (2007)
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actually occurred, through rigorous monitoring, periodic review and evaluation of institutional performance. To that end, the use of satellite data to monitor forest emissions
potentially provides a high degree of transparency that is not possible in other emitting
sectors.
In addition to monitoring, reporting and veriﬁcation, accreditation will also require
an institutional process. Various functions will need to be performed. Emissions reductions and their sources will need to be recorded in the national registry. Emissions
reductions will then need to be converted into tradeable credits, and the movement of
credits tracked through an international transaction log (see Chapters 7 and 12 for more
details on the current international system and the distribution of credits and ﬁnance at
a sub-national level).

10.5 Capacity building: expertise and costs
An estimated $50 million will be needed for a sample of 25 forest nations to set up
national forest inventories, with a further $7-17 million needed for annual running
costs. Technological advances, knowledge sharing and international cooperation can
reduce these running costs over time.
The capacity of forest nations to measure and monitor their forest emissions varies
greatly. Many have little or no up to date data for mapping carbon stocks. Forty per cent
of countries’ most recent assessment of forest area was over ten years ago and a third
have no national-level data available for carbon stock estimation.30 Capacity building
and national-level research are required to enable all forest nations to estimate emissions
and sequestration accurately and cost-effectively. In particular, the application of IPCC
methods should be a priority and this will involve substantial capacity building efforts.
Capacity building at national level could signiﬁcantly improve the accuracy of measuring and monitoring. Using IPCC Tier 1 global biome averages with no national level research
can produce carbon stock accuracies of around 50 per cent31 (see Box 10.4 on IPCC Tiers).
With appropriate techniques, sampling of 3 per cent of the forest area can signiﬁcantly
improve accuracy.32 Evidence suggests that this level of sampling can give carbon stock accuracies of up to 95 per cent provided good ground based data are available on ecosystem carbon
densities (see previous sections). Using conservative estimates where levels of uncertainty
are high will provide a further incentive to develop more accurate national forest emissions inventories.
Research was commissioned for this Review to estimate the costs of setting up and
running national forest emissions inventories (including establishing a baseline) based
on the techniques and IPCC guidelines described in the previous sections.33
The ﬁndings of the research are based on a hypothetical scenario. This was a mediumsized country with 50 million hectares of forest, with no existing forest inventory or
remote sensing capacity and where no data had previously been collected. A sample
of 25 forest nations (all developing countries) was then chosen to illustrate costs for
different circumstances, and compared with the reference scenario. The 25 countries
30
31
32
33

Based on FAO FRA (2005)
Brown et al (2008)
Brown et al (2008)
Hardcastle et al (2008)
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chosen together account for nearly 40 per cent of the world’s forest cover. The existing
capacity and data for these 25 countries were assessed and compared with the costs for
the reference scenario in order to estimate individual costs for each country. The costs of
setting up and running an emissions inventory in this reference country were estimated
to be in the order of $2 million in the ﬁrst year and $0.7 million per year (upper estimate)
thereafter.34 This gives a ﬁgure of $50 million for the 25 forest nations to set up national
forest emissions inventories, with an additional $7-17 million needed to cover annual
running costs (the higher costs include forest degradation).35 These ﬁgures are incorporated into the overall estimate for policy and institutional reform costs for 40 countries
detailed in Chapter 13.
Several international organisations are already providing and planning support to
developing countries to increase their measuring and monitoring capability. Since 2000,
the FAO National Forest Monitoring and Assessment Programme has been helping countries design and implement the collection of forest and land use information. Assessments
have been set up in 18 countries, and are planned in at least a further 11.36 The assessments gather information on: the extent of forest types and land use, growing stocks,
environmental problems, biomass and carbon, biological diversity, use and management
of the forest resources and non-wood forest products. In some countries the assessment
is extended to an Integrated Land Use Assessment (ILUA) by collecting information on
other land uses such as crops, livestock, soil and water.37 Capacity building to enable
countries to update, expand and manage their forestry information base is a main focus
of the programme.
The World Bank Forest Carbon Partnership Facility (FCPF) Readiness Fund has identiﬁed 14 countries for initial support, speciﬁcally to help them prepare for participation
in an international forestry mechanism under the UNFCCC. The facility will provide
ﬁnancial and technical support to countries to develop baselines, set up a monitoring
system and develop a strategy for tackling deforestation at a national level. The FCPF is
discussed further in Chapter 13.
The capacity building costs of setting up robust national forest emissions inventories are likely to be relatively low. Furthermore, costs could be reduced further through
international cooperation and technological advances. For example, forest monitoring
systems can have a high cost per hectare in countries with small forest areas as there is
a minimum level of technical requirements and associated costs. Small countries could
partner with other countries to share this cost. For example, in Central Africa there are
several countries with small forest areas. Work commissioned by this Review has estimated that a regional monitoring partnership between Cameroon, DRC, Congo, Equatorial Guinea and Gabon in Central Africa could save more than $2.2 million in setup costs
in the ﬁrst year, and more than $0.5 million in annual running costs.38 Congo Basin
countries are already cooperating on forest monitoring as part of COMIFAC.39

34
35
36
37
38
39

At £:$ exchange rate of 1.84, September 2008
Hardcastle et al (2008)
Saket (2008)
FAO (2008)
Hardcastle et al (2008)
COMIFAC: Commission des Forets d’Afrique Centrale
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10.6 Conclusion
Robust measuring and monitoring is essential to ensure that credits are awarded for
genuine reductions in national emissions. The IPCC Good Practice Guidance should
be used to achieve consistency in monitoring and transparency in reporting. Evidence
shows that if appropriate techniques are used and the guidance is followed, measurements of forest emissions can reach levels of accuracy of 90 per cent,40 consistent with
levels achieved in other inventory sectors.41 Forest emissions can be measured and monitored with higher levels of conﬁdence than emissions from sources such as fugitive emissions from fuels and nitrous oxide.42 Satellite images of changing forest cover also provide
a greater degree of transparency in monitoring forest emissions reductions than monitoring in any other sector.
In countries where measuring capacity is still developing, conservative estimates of
emissions and emissions reductions should be used to ensure that credits are awarded for
real reductions achieved.
Despite signiﬁcant progress on international standards in measuring and monitoring
emissions, capacity building will be necessary. However, the costs of this capacity building
are relatively low. Further advances in satellite and computer technology will be important along with training, international cooperation and knowledge sharing.
The next chapter sets out how the emissions reductions monitored can be converted
to credits and linked to emissions trading schemes.

40 Using IPCC GPG Tier 1 uncertainity analysis and values of 95 per cent and 91 per cent accuracy respectively for measuring carbon stocks and monitoring, produces an overall certainty
of 90 per cent. See Brown et al (2008) for uncertainty analysis and later sections in this chapter
for evidence of accuracy levels achievable.
41 The EC (2004) found fossil fuel combustion emissions traded on the EU ETS to have over
90 per cent certainty estimates.
42 Monni et al (2007)

11. Linking to
carbon markets
Key messages
The third building block for tackling forest emissions in the medium term is a welldesigned mechanism for linking forest abatement to carbon markets, and accessing
funding from the private and public sectors as carbon market ﬁnance grows.
Linking forest abatement to carbon markets has potential implications for the:
s price incentive to invest in new low carbon technologies;
s transfer of existing cleaner technologies to developing countries;
s level of ﬁnance required in the medium term from non market sources for signiﬁcant
forest sector abatement.
There is a large potential supply of forest sector abatement in developing countries:
modelling suggests 3.5 GtCO2 per year in 2030. This potential abatement needs to be
tapped to give the world a realistic chance of limiting global temperature rise to 2°C.
Demand for international credits is likely to grow as Annex I countries commit to more
stringent emissions reductions targets and new trading schemes are created.
This Review modelled impacts on (a) the EU carbon market price and (b) the international credit market using three variables:
s supplementarity limits (the proportion of credits from non-Annex I countries that
Annex I countries and companies are permitted to use to meet their targets);
s emissions targets;
s whether or not forest credits are admitted to the international credit market.
Impact on the EU ETS carbon market price
Raising a carbon market’s supplementarity limit lowers its carbon price. Although this
improves efﬁciency in the short term, it could potentially reduce the price incentive to
invest in new low carbon technology for the long term. However, if Annex I countries
simultaneously commit to more stringent emissions targets, then the carbon price can
be maintained or even rise.
Modelling results suggest that the EU carbon market price would be similar during
Phase III whether (a) Member States committed to a 20 per cent emissions cut with a
30 per cent supplementarity limit or (b) committed to a 30 per cent emissions cut with
a 50 per cent supplementarity limit.
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By adopting both more stringent emissions targets and a higher supplementarity
limit, the EU could achieve a greater overall reduction in its emissions and drive more
abatement in developing countries without increasing the costs to European industry.
Getting the balance right is key.
Modelling suggests that if supplementarity limits are set at 50 per cent or lower in
Phase III of the EU ETS, then admitting forest credits into the international credit market
would have little or no impact on the EU carbon market price. This is because, when
restrictions on the use of non-Annex I country credits are this tight, more costly EU
abatement would still be necessary and would continue to set the price for all units of
abatement in the carbon market.
Impact on the international credit market
If the forest sector is able to realise a signiﬁcant amount of its abatement potential,
then modelling suggests that forest credits could constitute at most 34 per cent of the
international credit market in 2020.
The international community needs to balance emissions targets and supplementarity
limits in order to achieve the desired trade-off between four objectives:
s fund signiﬁcant forest abatement;
s reduce the cost to industry of meeting more stringent global emissions targets;
s provide a strong incentive to invest in new clean energy technologies;
s support a high level of technology transfer to the developing world.
Impact on the level of non-carbon market ﬁnance required to reduce
forest emissions
The choices that the international community make on the stringency of global emissions targets, supplementarity limits and credit design features will have a large impact
on the amount of carbon market ﬁnance available for reducing forest emissions.
One scenario modelled suggests that the global carbon market could supply around
$7 billion per year for forest abatement in 2020. This would leave a funding gap of
around $11-19 billion for halving forest emissions, which would need to come from
other private and public sources.
Linking mechanism
During the transition to a comprehensive global cap and trade system, a linking
mechanism could perform three important functions. First, a single institution should
be used to aggregate different sources of funding and purchase all the forest credits
generated by forest nations. Second, a proportion of the credits generated should be
placed within a reserve and used to offset any future reversal of forest emissions reductions. Third, the institution could also be used to reduce the risk of investing in forest
abatement for forest nations by guaranteeing to purchase from them a minimum quantity of credits at a minimum price.
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11.1 Introduction
The third building block for tackling forest emissions in the medium term is a welldesigned mechanism for linking forest abatement to carbon markets, and accessing
funding from the private and public sectors as carbon market ﬁnance grows.
Linking forest abatement to carbon markets has potential implications for the:
s PRICE INCENTIVE TO INVEST IN NEW LOW CARBON TECHNOLOGIES
s TRANSFER OF EXISTING CLEANER TECHNOLOGIES TO DEVELOPING COUNTRIES
s LEVEL OF lNANCE REQUIRED IN THE MEDIUM TERM FROM NON MARKET SOURCES FOR SIGNIlCANT
forest sector abatement.
Under a comprehensive global cap and trade system, the system of international supply
and demand for forest abatement would be self-regulating. Countries that delivered more
abatement from the forest sector than they required to meet their own emissions cap
would be able to sell on the excess to countries (or companies within those countries)
that were unable to meet their own emissions cap domestically. However, in the medium
term a transitional system that combines ﬁnance from carbon markets and other sources
(set out in Chapter 8) is likely to depend on, and have important implications for, the
supply and demand of international credits, including those from the forest sector.
A potentially large supply of forest credits could be available to enter the global credit
market relative to current demand from Annex I countries. Demand is set to increase
markedly, but will depend on the stringency of emissions reduction targets that Annex I
countries commit to in a global climate change deal as well as the limits they set on how
far those targets can be met by the purchase of non-Annex I credits (supplementarity
limits). This chapter explores the potential impact of these two variables, and of linking
forest abatement to carbon markets, on the carbon price of the EU Emissions Trading
Scheme (EU ETS) and on the international credit market. When a supplementarity limit
is described as being low in this Review, we mean that the restriction on international
credits that can enter a carbon market is tight (and visa versa).
Stringent targets are necessary to give the world a realistic chance of limiting global
temperature rise to 2°C. Linking forestry abatement to carbon markets is efﬁcient because
it reduces the cost of global climate change abatement and should enable the world to
commit to more stringent emissions reduction targets (see Chapter 6). However, impacts
on Annex I carbon market prices have implications for the incentive to develop new low
carbon technology, which will be essential for efﬁcient global climate change mitigation
in the long-term. And certain sectors of the international credit market contribute to the
transfer to developing countries of existing low carbon technologies which help avoid
lock-in to high carbon development paths.
This chapter sets out the results of modelling the impacts of linking forest abatement
to carbon trading schemes. Based on this modelling, the chapter goes on to explore the
impact of both the stringency of a global emissions target and supplementarity limits on
the level of ﬁnance the carbon market could generate for forest emissions abatement over
the medium term, and consequently the level of additional funding needed from other
private and public sources. Finally, we examine how these funding sources might be best
combined and used to manage the risk of reversal of forest emissions reductions, as well
as reduce the risks to forest nations investing in emissions reduction policies.

168

Part III: The building blocks of forest ﬁnancing: the medium-term approach

11.2 Carbon markets: supply and demand
Carbon markets rely on a few basic tenets:
s as long as standards are applied consistently, the location of abatement is irrelevant to
the global goal of stabilising GHGs (since they mix in a shared global atmosphere);
s mitigation potentials and costs vary across countries and sectors;
s trading of allowances and credits between countries or companies unlocks cheaper
abatement opportunities and reduces the overall cost of reaching a given global goal;
s the greater the geographical and sectoral scope of the market, the cheaper abatement
will be for any given emissions reduction target.
Within the UNFCCC trading system, encompassing three ﬂexible mechanisms, there
are various buyers and sellers (see Box 11.1). Under a scheme that included the forest
sector fully in a global trading system, forest nations would become sellers of credits,
adding to the supply of emissions reduction credits in the market. At the same time,
increased demand in the system would need to come from Annex I countries taking on
tighter emissions caps. Before examining how to link forest credits to emissions trading
schemes, it is important to understand the credits that are being supplied to the market
and the demand for those credits in the market. The following sections set out some key
features of the supply side and the demand side.

11.2.1 Forest credits: the supply side
There is a large potential supply of forest sector abatement in developing countries:
modelling suggests 3.5 GtCO2 per year in 2030. This potential abatement needs to be
tapped to give the world a realistic chance of limiting global temperature rise to 2°C.
As set out in Chapter 9, national level reference levels, or baselines, will need to be set for
forest nations participating in an international climate change framework. Credits can be
awarded when net emissions from the forest sector in the country (including REDD and
ARR) fall below the national reference level. These credits can then be traded in national
and regional carbon markets (see Figure 11.1).
The supply of credits from the forest sector in developing countries is potentially large.
Modelling for this Review predicts that REDD could represent an annual emissions reduction of 2.6 GtCO2 in 2030, while ARR could represent a further reduction of 0.9 GtCO2
against business as usual.1 As a result, the forest sector could be delivering 3.5 GtCO2 of
climate change abatement by 2030 (see Chapter 6).

1

There would not necessarily be a corresponding supply of credits, as BAU would not necessarily be used as the credit reference level. Further, the reference level would be likely to
become more stringent over time (see chapter 9).
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Figure 11.1: The supply of credits to the carbon market
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As set out in Chapter 6, the key advantages of including the forest sector in a global emissions trading system are both the level of ambition that can be achieved and the potential
for increased efﬁciency in reducing costs of achieving reductions. This is because large
emissions reductions can be achieved in the forest sector at relatively low cost compared
to the more expensive abatement alternatives in other sectors (at least initially, after
which abatement costs may rise more sharply – see Chapter 5). During a transition period
over the medium term, it is unlikely that all forest nations will be ready to participate
fully in a national forest emissions reduction scheme due to capacity constraints (see
Chapter 13). This would limit the supply of forest credits into markets. Nevertheless, the
remaining supply could still be considerable.

11.2.2 Emissions trading schemes: the demand side
$EMAND FOR INTERNATIONAL CREDITS IS LIKELY TO GROW AS !NNEX ) COUNTRIES COMMIT TO MORE
stringent emissions reductions targets and new trading schemes are created.
Annex I countries are committed to making emissions reductions under the Kyoto
Protocol2 and have various means available to them. They can reduce domestic emissions
using direct policy instruments, such as company emissions trading schemes (eg the EU
ETS), carbon taxes, standards and subsidies. In addition, Annex I countries can purchase
surplus national emissions allowances from other Annex I countries, or purchase emissions reduction credits from other Annex I countries (Joint Implementation) or from nonAnnex I countries (Clean Development Mechanism). These mechanisms are discussed in
Chapter 7.
It is demand for credits and allowances that is relevant here, as forest credits would
be competing with other sources of supply in the carbon market. The projected total
demand for credits and allowances over the period 2008-12 is low, at only 2.4 GtCO2e.
Some of the reasons for this are discussed in Box 11.1.

2

Except the US, which signed but did not ratify the Protocol.
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Box 11.1: Demand for allowances and credits in the
Kyoto market
Demand for emissions allowances and credits from Annex I countries in the ﬁrst Kyoto
commitment period is fairly low compared to potential supply. A number of industrialised countries received generous allowances which did not provide substantial
disincentives to reduce emissions, while not all countries ratiﬁed the Kyoto Protocol.
Emissions cuts will need to be much deeper post-2012 if the world is to have a realistic
chance of limiting temperature rise to 2°C, and the full inclusion of the forest sector can
make this more affordable.
Figure A shows projected demand for allowances and credits in the period 2008-12.
In total, the demand is estimated at roughly 2.4 GtCO2e. Surplus allowances (Assigned
Amount Units-AAUs) from economies in transition may be as high as 7.3 GtC02e, which
would be sufﬁcient to meet the demand three times over. In practice, such an oversupply is unlikely to occur because in the EU ETS – where most compliance market
trades take place – companies cannot use AAUs to meet their obligations. Other potential buyers may avoid certain AAUs that carry a reputation risk of having little or no
environmental additionality. At the same time, potential supplier countries may choose
to bank surplus AAUs for future, more demanding, compliance periods.
Figure A: Projected supply and demand under the UNFCCC in the period 2008-12
Potential demand from
industrialised countries

Potential supplies
(2008 - 12)

(2008 - 12)
Country or entity

Potential surplus
of AAUs (MtCO2e)

KMs demand
(MtCO2e)

EU
government (EU-15)
private sector (EU ETS)
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Japan
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private sector
additional demand
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(MtCO2e)

Russian fed
Ukraine
EU-8+2
Other EITs
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1,720
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TOTAL
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Rest of Europe and New Zealand

45
government
20
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additional demand
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Australia
TOTAL
government
private sector
additional demand

Source: World Bank (2008)

0
2,435
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CDM and JI potential (MtCO2e)
CDM
JI

1,600
230

(1,400-2,200)
(180-280)

TOTAL

1,830
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11. Linking to carbon markets

171

A number of national and regional carbon markets are proposed or have recently started
to operate (see Figure 11.2 and Box 11.2). The EU ETS is currently the largest of the
markets in operation and consequently is responsible for the majority of demand for
credits. However, the number of additional schemes is set to grow, including schemes in
New Zealand, Australia, Japan and Canada (see Box 11.2).
Although a national cap and trade scheme does not currently exist in the US, there have
been a number of legislative proposals (such as the Warner-Liebermann Bill) seeking to
establish one. In its absence, some states are setting up their own cap and trade schemes
that will allow them to trade with each other (see Figure 11.2).
Figure 11.2. Growth of nationals and regional emissions trading schemes
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In Chapter 2 we saw that the world will need to stabilise the concentration of atmospheirc
GHGs between 445 and 490ppm CO2e in order to have a realistic chance of limiting
global temperature rise to 2°C. This will require signiﬁcantly larger cuts in global GHG
emissions. Such cuts would create a much larger demand for forest credits in the medium
term than currently exists. And from a different angle, Annex I countries are likely to
agree to more stringent emissions reductions than would otherwise be the case if they
know that they will be able to access a quantity of reasonably cheap credits from the
forest sector.
Increasing the proportion of non-Annex I credits that Annex I countries and companies can use to meet their emissions targets (ie increasing the supplementarity limit)
would also increase demand for these credits (including forest credits). See Section 11.3
for a discussion of the potential implications of increasing supplementarity limits.
The growth in demand for international credits in the markets in Figure 11.2 will
be an important factor in the success of linking forest credits into emissions trading
schemes. The Energy Modelling Forum (EMF) estimates that in 2020 demand for international credits could be 3.2 GtCO2 per year, representing transactions of $25 billion
per year.3 The 3.2 GtCO2 per year ﬁgure is the median value from a large range and the
modelling assumes Annex I countries reduce their GHG emissions by 20 per cent relative
to 1990 levels.
By 2030, the EMF estimates that demand for international credits could have grown
to 6.4 GtCO2 per year, representing transactions of $107 billion per year. In this scenario,
it is assumed that Annex I countries reduce their GHG emissions by 30 per cent relative
to 1990 levels.
However as demand for international credits from non-Annex I regions will depend
on the stringency of the global emissions target, any supplementarity restrictions that
Annex I markets place on carbon credits and the cost of abatement in non-Annex I
regions, demand estimates vary. The core scenario modelled in sections 11.3.3 and 11.4
estimates demand for non-Annex I credits at around 1.7 GtCO2 in 2020 and 3 GtCO2 in
2030, which are lower than the EMF estimates.
In Section 11.4 we discuss the results of modelling commissioned by this Review
on the proportion of potential forest abatement that the carbon markets could ﬁnance
in the medium term. But before then, we examine the potential impact of introducing
forest credits on the EU carbon market price as well as the impact on the international
credit market.

3

These estimates are reported in UNFCCC (2007)
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Box 11.2: Current and proposed emissions trading
schemes (2008)
European Union
The EU Emissions Trading Scheme (EU ETS) was the ﬁrst international ETS for greenhouse gas emissions in the world.4 The cornerstone of EU climate change policy, it also
currently accounts for the majority of the global carbon market. It covers over 11,500
energy-intensive installations across the EU, which represent close to half of Europe’s
emissions of CO2. Member States transfer part of the effort required to meet their Kyoto
commitments onto the private sector entities directly responsible for those emissions.
The installations may choose to reduce emissions internally or, purchase EU allowances
or international Kyoto credits. Norway, Iceland and Liechtenstein joined in 2008.
New Zealand
New Zealand has launched a national ETS to cover all sectors in the economy and the
six Kyoto GHGs.5 It will constitute New Zealand’s core price-based measure for reducing
GHG emissions and enhancing forest carbon sinks. The ETS will allow both sales to, and
purchases from international credit markets, with no planned supplementarity limit
in addition to Kyoto constraints. This will reduce abatement costs, aid liquidity in its
relatively small market and act as a safety valve on price. The forest sector was the ﬁrst
sector to enter the ETS; its ﬁrst compliance period is from January 2008 until December
2009. This involves the devolution to landowners of both the credits for forest activities
that lead to a removal of CO2 from the atmosphere and the liabilities for subsequent
release of CO2 through deforestation.
Switzerland
Companies in Switzerland that do not wish to pay a carbon tax for energy-related
emissions may opt into an emissions trading scheme after agreeing a legally binding
emissions target with the government.6 International credits may be used to cover a
maximum of around 8 per cent of the target. Switzerland has indicated that its scheme
could be linked to the EU ETS in the future.
Australia
Australia has announced plans for a carbon trading scheme.7 The government proposes
to include the forest sector on an ‘opt in’ basis from the start. As forests in Australia are
estimated to currently sequester more carbon than they emit, forest landholders would
have an incentive to voluntarily include their forests in the scheme. Forest landholders
will be issued allowances for the net increase in CO2 stored in forests. There would be
a liability for net reductions in stored CO2, consistent with UN accounting rules. In the
short term, principally to minimise implementation risks, the government proposes that
there will be limits on the number of international offset credits that ﬁrms can use.

4
5
6
7

http://ec.europa.eu/environment/climat/emission/index_en.htm
New Zealand Government (2007)
http://www.bafu.admin.ch/emissionshandel/index.html?lang=en
Australian Government (2008)
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Other proposed emissions trading schemes
Japan is proposing a pilot ETS to begin in 2008. Currently there is a national industry-led
voluntary ETS (Keidanren Voluntary Action Plan) where participants commit to a reduction in emissions (relative to a baseline) in exchange for a subsidy to install emissions
reduction equipment. Sector-based pledges are not legally binding, but a company
that misses its target has to pay a penalty to the government in the form of emissions
offsets, approved by the UNFCCC, from projects overseas. Canada is also considering
a federal emissions trading scheme.

11.3 Price impacts of linking forest credits to
emissions trading schemes
This Review modelled impacts on (a) the EU carbon market price and (b) the international credit market using three variables:
s SUPPLEMENTARITY LIMITS THE PROPORTION OF CREDITS FROM NON !NNEX ) COUNTRIES THAT
!NNEX ) COUNTRIES AND COMPANIES ARE PERMITTED TO USE TO MEET THEIR TARGETS 
s EMISSIONS TARGETS
s WHETHER OR NOT FOREST CREDITS ARE ADMITTED TO THE INTERNATIONAL CREDIT MARKET
Linking forest abatement to global carbon markets has the potential to reduce the carbon
price in Annex I carbon markets. From the point of view of short-term efﬁciency this
would be desirable as it would bring down the cost of climate change abatement and
enable the world to agree more stringent emissions targets than would otherwise be the
case. However, lowering the carbon price would not necessarily be efﬁcient in the long
term as it would weaken the price signal incentivising investment in new low carbon
technologies. It is only by developing and commercialising effective and affordable clean
energy technologies that climate change mitigation costs can be reduced in the long
term and for the world to have a realistic chance of limiting global temperature rise to
around 2°C.
As well as affecting the carbon price in Annex I markets, introducing forest credits
to the international credit market also has the potential to displace abatement in other
sectors in the developing world. For example, if the size of the power sector (currently a
component of the Clean Development Mechanism) were diminished, this could reduce
the amount of ﬁnance for cleaner energy technology ﬂowing to the developing world.
And because of the long operating life of power technology, this could contribute to
developing countries being ‘locked in’ to high carbon development paths.
Although these potential impacts present a challenge for linking forest abatement
to carbon markets, this section shows that they can be addressed with a well-designed
system. In particular, Annex I countries must take on sufﬁciently stringent emissions
targets post-2012, balanced against appropriate supplementarity limits.
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To test the potential for such impacts, and how they can be avoided, this Review
commissioned three pieces of market modelling8 to study the:
a)
b)

c)

impact on the EU Allowance (EUA) price9 of different GHG emissions caps and
supplementarity limits for the use of international credits (without forestry);
impact on the EUA price of including forestry credits within the mix of international credits, once again against various emissions caps and supplementarity
limits; and
share of the international credits market that the forest sector could
make up.

The results of these three pieces of modelling are presented and discussed in the three
subsections below.

11.3.1 Price impacts of international credits on the EU ETS
Raising a carbon market’s supplementarity limit lowers its carbon price. Although this
improves efﬁciency in the short term, it could potentially reduce the price incentive to
INVEST IN NEW LOW CARBON TECHNOLOGY FOR THE LONG TERM (OWEVER IF !NNEX ) COUNTRIES
simultaneously commit to more stringent emissions targets, then the carbon price can
be maintained or even rise.
Modelling results suggest that the EU carbon market price would be similar during
Phase III whether (a) Member States committed to a 20 per cent emissions cut with a
30 per cent supplementarity limit or (b) committed to a 30 per cent emissions cut with
a 50 per cent supplementarity limit.
By adopting both more stringent emissions targets and a higher supplementarity limit,
the EU could achieve a greater overall reduction in its emissions and drive more abatement in developing countries without increasing the costs to European industry. Getting
the balance right is key.
As greenhouse gases mingle in the atmosphere, it makes no difference to climate change
where in the world they are emitted or reduced. Abatement in developing countries is
generally cheaper than abatement in developed countries. So it could be argued that
there should be no limits on supplementarity because the more international abatement
that can be used by Annex I countries to meet their targets, the cheaper their mitigation
costs will be, enabling them to commit to more stringent emissions targets.
However, Annex I countries often also rely on their carbon market price to achieve
technology policy goals. The higher the price, the greater the incentive is to industry
to invest in new low carbon technologies. It is only by developing and commercialising
effective and affordable low carbon technologies that climate change mitigation costs
can be reduced in the long term and for the world to have a realistic chance of limiting
global temperature rise to around 2°C. There are other concerns around reliance on international credits from non-Annex I countries. For example, there is evidence10 that some
of the emissions reductions are non-additional (ie they would have occurred anyway),
resulting in a net increase in Annex I GHG levels.
8

Eliasch Review modelling, including the Ofﬁce of Climate Change’s Global Carbon Finance
(GLOCAF) model.
9 The EUA price is also referred to in this Review as the EU carbon market price.
10 For example one report estimates that approximately 20 per cent of CDM credits were likely
not to be additional in the period studied: Oeko-Institut (2007)
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This Review commissioned modelling to show the impact of adjusting two variables
on the EU ETS price during Phase III11 of its operation: the level of the supplementarity
limit and emissions reduction target.12 The EU ETS was chosen for the modelling as
it currently accounts for the majority of the global carbon market. This piece of work
modelled the international credit market without the inclusion of forest credits. The
scenarios modelled are illustrated in Figure 11.3 below.
Figure 11.3: Illustration of the modelling of EUA price for a given emissions reduction
scenario against different supplementarity levels (excluding forest credits)

International
credit mar et
(e isting C
sectors alone)

credits

finance

E

ETS

(using 20% and 30%
emissions reduction
targets and different
supplementarity limits)

The results of the modelling are presented in Table 11.1 below. The projected EU Allowance prices (EUAs) are given using indices, with the result for the 30 per cent supplementarity limit in the 20 per cent emissions reduction scenario being used to give the reference value of 100. The results demonstrate that the higher the supplementarity limit, the
lower the EUA price. This is illustrated by Diagrams A and B in Figure 11.5 below.
The modelling results also show that if the supplementarity limit is raised simultaneously with increasing the stringency of the emissions target then the EUA price need
not be reduced. For example, Table 11.1 shows that the EUA price in Phase III is similar
whether: (a) emissions are cut by 20 per cent and the supplementarity limit is 30 per cent
or (b) emissions are cut by 30 per cent and the supplementarity limit is 50 per cent. In the
second scenario the EU would be cutting emissions more and driving more abatement in
developing countries without increasing the costs to European industry.

11 The compliance period that is due to commence at the end of the current period, which runs
to 2012.
12 The emissions reduction target levels modelled (20 and 30 per cent cuts) are those proposed
by the European Commission for Phase III of the EU ETS. The emissions cuts are relative to
1990 levels.
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Table 11.1: Impact on Phase III EUA price of different supplementarity limits for international credits (excluding forestry) and against different EU emissions cuts

EU supplementarity limits

EUA price (indexed)
20% EU reduction target

30% EU reduction target

15

115

141

30

100

123

50

76

97

70

46

62

85

31

45

100

22

41

Source: Modelling for the Eliasch Review

11.3.2 Price impacts of forest credits on the EU ETS
Modelling suggests that if supplementarity limits are set at 50 per cent or lower in
Phase III of the EU ETS, then admitting forest credits into the international credit market
would have little or no impact on the EU carbon market price. This is because when
RESTRICTIONS ON THE USE OF NON !NNEX ) COUNTRY CREDITS ARE THIS TIGHT MORE COSTLY %5
abatement would still be necessary and would continue to set the price for all units of
abatement in the carbon market.
To study the impact on the EU carbon price of introducing forest credits to the international credit market, the modelling described in Section 11.3.1 above was repeated with
the only difference being that the international credit market now also contained forest
credits. The scenarios modelled are illustrated in Figure 11.4 below.
Figure 11.4: Illustration of the modelling of EUA price for a given emissions reduction
scenario against different supplementarity limits (including forest credits)

International
credit market
(including forest
credits)

credits

finance

EU ETS
(using 20% and 30%
emissions reduction
targets and different
supplementarity limits)
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The results of this second series of modelling runs are presented in Table 11.2 below.
The same reference value is used to present EUA prices in Table 11.2 as was used for
the indexing that produced the indexed EUA prices in Table 11.1. The results from this
second round of modelling show that in the 20 per cent EU emissions reduction scenario,
inclusion of forestry has no impact if supplementarity limits are already set at 50 per
cent or lower. In the 30 per cent EU emissions reduction scenario, no EUA price impact is
detected until a supplementarity limit of 85 per cent is reached.
Table 11.2: Impact on the Phase III EUA price of adding forestry credits to the international credit market
EU supplementarity
limit

20% EU reduction target

30% EU reduction target

EUA price
(indexed)

change in
price on
admitting
forest credits

EUA price
(indexed)

15

115

0%

141

0%

30

100

0%

123

0%

50

76

0%

97

0%

70

45

-1%

62

0%

85

28

-9%

39

-13%

100

21

-4%

24

-41%

change in
price on
admitting
forest credits

Source: Modelling for the Eliasch Review

At the 50 per cent supplementarity limit, the driver of EUA price change is still the
supplementarity limit for all international credits – not whether forestry credits form
part of the international credit market. It is only if the supplementarity limit for all
credits is raised very high that the inclusion of forest credits would have an impact on the
EUA price. At the time of writing the European Commission is proposing a supplementarity limit of around 35 per cent for Phase III of the EU ETS, which would be considerably
lower than the 50 per cent level.13
The reason for this result is that the EUA price is determined by the marginal unit
of abatement. It is only at high levels of supplementarity, with the EU buying in 50 per
cent of its abatement from outside its borders, that forest credits have an impact on the
EUA price. Abatement within the EU tends to be more expensive than buying credits
representing abatement in non-Annex I countries.
It is only at very high supplementarity limits, when more expensive EU abatement is
no longer needed to meet EU emissions targets, that the price of international credits

13 This is based upon effort in the EU ETS against business as usual emissions for the period
2008-2020, adjusted for estimated savings from the EU’s renewable and energy efﬁciency
targets. It includes effort from aviation. A recent non-paper from the European Commission
suggests that 45 per cent of effort against 2005 emissions can be achieved through international credits in the period 2008-2020 (this ﬁgure excludes aviation entering the EU ETS).
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becomes the marginal unit of abatement and hence the EUA price. Only at this point
would adding forest credits to the international credit market lower the EUA price because
(at lower levels of abatement) forest credits are relatively cheap to supply.
Figure 11.5 below illustrates this effect. The supplementarity limit is represented by CL
and the EU ETS emissions reduction target represented by TE . Diagrams A and C show
that at low supplementarity levels the EUA price (PEUA) remains the same despite the
international credit price (PCER) being reduced by the admission of forestry to the international credit market. Diagrams C and D show that it is only when supplementarity limits
become very high (without a corresponding increase in the emissions reduction target)
that the admission of forestry to the international credit market starts to impact on the
EUA price.
Figure 11.5: Illustration of why the Phase III EUA price is unaffected by the admission
of forest credits, except at very high supplementarity levels
Diagram A: Low supplementarity – No forest credits

Diagram B: High supplementarity – No forest credits
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Diagram C: Low supplementarity – With forest credits
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Diagram D: High supplementarity – With forest credits
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11.3.3 Impacts on the international credit market
If the forest sector is able to realise a signiﬁcant amount of its abatement potential,
then modelling suggests that forest credits could constitute at most 34 per cent of the
international credit market in 2020.
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The international community needs to balance emissions targets and supplementarity
limits, in order to achieve the desired trade-off between four objectives:
s FUND SIGNIlCANT FOREST ABATEMENT
s REDUCE THE COST TO INDUSTRY OF MEETING MORE STRINGENT GLOBAL EMISSIONS TARGETS
s PROVIDE A STRONG INCENTIVE TO INVEST IN NEW CLEAN ENERGY TECHNOLOGIES
s SUPPORT HIGH LEVEL OF TECHNOLOGY TRANSFER TO THE DEVELOPING WORLD
Admitting forest credits to the international credit market without also increasing
the stringency of emissions targets or raising supplementarity limits would affect the
composition of that market. It is important to note that any impact on CDM sectors
would not reduce the incentive to develop new clean energy technologies. Those technologies are principally developed for and incentivised by economies that place tight limits
on their GHGs, which are by deﬁnition not those supplying CDM credits. However, if
displacement of some of the CDM power sector were to occur, there could be an impact
on the uptake of cleaner technologies in developing countries with the potential consequences highlighted at the start of Section 11.3.
The Eliasch Review modelled the impact of the admission of forest credits on the potential composition of the international credit market. Demand from all carbon markets
– not only the EU ETS – was included. Three key assumptions were used to model the
largest possible impact forest credits could have on the international credit market. These
assumptions are that on the admission of forest credits:
s global emissions target remains the same;
s supplementarity limits remain the same;
s the forest sector is able to realise a relatively large proportion of its potential abatement
compared to other sectors (despite the capacity constraints faced by the forest sector –
see Chapter 13). The CDM has to date only been able to realise a limited amount of the
potential abatement in its sectors. In our modelling, however, we have assumed that
forestry is able to realise more of its potential than in other sectors.
Bearing in mind that the scenario modelled would be unlikely to occur in practice, the
modelling results from this scenario suggest that allowing forest credits into the international credit market could generate around 600 MtCO2 abatement from the forest sector
in 2020. This abatement would displace CDM credits from other sectors only if the total
global abatement target remains the same. Under these conditions, the forest sector could
constitute up to 34 per cent of the international credit market in 2020 (see Figure 11.6).
Although this shows that forestry would not completely crowd out other sectors, it would
have an impact on the ﬁnance ﬂows for technology transfer. However, if the global abatement target was raised (which admitting the forest sector would make more affordable)
and/or supplementarity restrictions eased, then ﬁnance ﬂows for both technology transfer
and forestry abatement would be higher.

11. Linking to carbon markets

181

Figure 11.6: Top-end estimate of the share of forestry abatement in the international
credit market in 2020
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Source: Modelling for the Eliasch Review

Further modelling was then undertaken to show what proportion of total global abatement (not simply abatement in the non-Annex I international credit market) this would
constitute. The share of 34 per cent of the international credit market translates to around
9 per cent of total global emissions abatement in 2020 (see Figure 11.7 below). Even
though this is a high end estimate because of the assumptions used, this share of global
abatement is relatively small considering forest sector emissions constitute around 17 per
cent of global GHG emissions. The key reason for this is the imposition of supplementarity limits by Annex I countries.
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Figure 11.7: Top-end estimate of amount of forest sector abatement as a proportion of
total global abatement in 2020
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11.4 Scale of carbon market ﬁnance for
forest abatement
The choices the international community make on the stringency of global emissions
targets, supplementarity limits and credit design features will have a large impact on
the amount of carbon market ﬁnance available for reducing forest emissions.
One scenario modelled suggests that the global carbon market could supply around
$7 billion per year for forest abatement in 2020. This would leave a funding gap of
around $11–19 billion for halving forest emissions, which would need to come from
other private and public sources.
Under the core scenario modelled14 for this Review, and described below, carbon markets
would generate $7 billion per year for forest emissions abatement in 2020, which would
be sufﬁcient to reduce deforestation emissions by 22 per cent relative to BAU. The modelling suggests that around $11–19 billion per year of further funding would be needed
from other sources to halve forest emissions in 2020 (see Figure 11.8). Using the same
14 By the UK Ofﬁce of Climate Change’s Global Carbon Finance (GLOCAF) model, using the 2020
IIASA marginal abatement cost curve (MACC) commissioned for this Review (see Chapter 5).
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core scenario assumptions, the modelling results suggest that by 2030, 75 per cent of all
potential forest abatement could be ﬁnanced from a global carbon market.
The $11–19 billion per year ﬁgure is given as a range because it could include up to $8
billion of rent, which it may or may not be appropriate to ﬁnance from public funds.15
Forest protection policy costs are not included in this range. Furthermore, the modelling
includes emissions reductions from reduced deforestation and degradation (REDD) but
not from afforestation, reforestation and restoration (ARR).
Figure 11.8: Modelling scenario showing ﬁnance from carbon markets and other
sources
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The key drivers of the level of carbon market ﬁnance available for forest abatement are:
the overall demand for international credits, the rules of the system for generating forest
credits and the relative price of forest credits compared to those from other sectors. In
particular, these key drivers are:
a) The global emissions target: the tighter the overall target, the greater the demand for
forest credits.
b) Supplementarity limits: the higher Annex I supplementarity limits, the greater the
demand for forest credits.
c) The supply of forest credits: national baseline-credits systems, as recommended by
this Review, are likely to generate more credits than project based schemes (see Chapter 9).
d) The supply of credits from other sectors: the entry of relatively cheaper credits from
other sectors would tend to crowd out forest credits.
These drivers were modelled by this Review as follows to give the funding gap ﬁgure of
around $11–19 billion per year in 2020:
15 For a discussion of the rent issure, see Chapter 5.
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a) The global emissions target: the world aims for a 475ppm CO2e stabilisation trajectory,
initially overshooting to 500ppm. This means that global GHG emissions in 2020 are
30 per cent higher than in 1990.
b) Supplementarity limits: the supplementarity assumptions are based on the European Commission’s current proposals for Phase III of the EU ETS and on proposals
contained in the Warner-Leiberman Bill for the US. For all other Annex I countries
that have targets, we have assumed 50 per cent supplementarity limits.
c) The supply of forest credits: a relatively efﬁcient national baseline-credit system is
assumed.
d) The supply of credits from other sectors: CDM efﬁciency is assumed to improve so
its transaction costs are lower, and it is widened to encompass more sectors. But it is
assumed that in 2020 there are still signiﬁcant inefﬁciencies.
Any changes to these assumptions would alter the results presented above on the level
of forest abatement ﬁnance that carbon markets could generate in 2020. The choices the
international community make on the stringency of emissions targets, supplementarity
limits and other design issues will impact on the amount of carbon market ﬁnance available for forest abatement. If relatively low supplementarity levels are applied without
much tighter Annex I emissions targets, then more non-carbon market funding will be
needed for forestry abatement. Chapter 13 discusses the other potential sources of ﬁnance
that could be used to plug the funding gap, and uses the $11–19 billion per year ﬁgure to
give an idea of how much extra funding might be needed in the medium term. Section
11.5 below discusses how the different sources of funding might be best combined for
the purchase of forest credits.

11.5 Linking mechanism
In Section 11.4 we conclude that in the transition to a comprehensive global cap and
trade system, funding for forest abatement is likely to need to come from both the carbon
market and other private and public sources. This raises the question of whether and how
to combine different funding sources to purchase forest credits from forest nations.
In this section we examine three important functions that a linking mechanism, or
institution will need to provide:
s aggregation of different funding sources;
s managing the risk of reversal of emissions reductions;
s reducing the risk of investment for forest nations.
In practice, it is likely that an institution will be needed in order to perform these
linking functions.

11.5.1 Aggregation of different funding sources
A single institution should be used to aggregate different sources of funding and
purchase all the forest credits generated by forest nations.
A single forest credit purchasing mechanism would be able to aggregate funding
from carbon markets and other sources. Having separate purchasing mechanisms for
different sources of funding would be inefﬁcient and would result in unnecessary dupli-
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cation and complexity.
Moreover, different purchasing mechanisms representing different sources of nonmarket funding would be likely to offer different prices for forest credits. Some funders
might have the power to ﬁx prices at a certain level. If prices were different then this
would threaten to undermine the realisation of potential forest abatement. Forest nations
could experience a perverse incentive to hold off from making emissions reductions until,
say, a non-market fund offering a very high price for credits was expected to become
established.
For these reasons, this Review recommends that there should be just one forest credit
purchasing institution that aggregates funds from the various different sources. This is
illustrated in Figure 11.9.
Figure 11.9: Aggregation of funding sources
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11.5.2 Managing the risk of reversal of emissions reductions
A proportion of the forest credits generated should be placed within a reserve and used
to offset any future reversal of forest emissions reductions.
In all sectors, a fall in emissions in one period might be reversed in the next. In the
energy sector this might occur, for instance, as a result of a cold winter. In the forest
sector a reversal might occur as a result of increased illegal conversion of forest land as a
result of a spike in agricultural commodity prices.
The ﬁrst point to note is that forest emissions arise predominantly from non-Annex I
countries. There are currently no caps on these countries’ emissions, not only for forest
emissions but all sectors. In a comprehensive global cap and trade system, permanence
would be assured by ﬁnancial penalties for exceeding a country’s GHG emissions cap (as
is currently the case for Annex I countries). However, even without a binding emissions
cap there are practical constraints on a country reversing its emissions reductions. To
take the forest sector as an example, a forest nation that has invested money in reducing
forest emissions is unlikely to want to allow emissions to rise as it would not be able
to recoup its investment. Furthermore, a certain amount of infrastructure is needed to
convert forest land to productive farmland.
One peculiarity of the forest sector is that it can act as a sink as well as a source of
emissions. Credits can currently be awarded for project-level afforestation and reforestation (A/R) under CDM. These credits would be awarded for carbon sequestration: the
carbon absorbed and stored in trees as they grow. It may take 100 years for a plantation
to reach maturity, and during that time the carbon might be released due to ﬁre, disease
or logging. This would result in the sequestration that has been credited and paid for in
advance of maturity not in fact taking place.
This is a signiﬁcant problem for CDM A/R projects, where a large proportion of the
forest carbon could be lost in any one event. Rules were therefore developed for CDM
A/R projects to address the risk of impermanence: any credits issued would expire after
a period of time. Temporary CERs (tCERs) expire at the end of the commitment period
subsequent to the one in which they are issued, while ‘long-term’ CERs (lCERs) expire
at the end of the project period. Neither type of CDM A/R credit can be carried over to
subsequent commitment periods. Furthermore, responsibility for lCER replacement in
the event of a reversal of removals falls to the purchaser who has retired the credits.
These rules have made CDM A/R credits a substantially lower class of credit than CDM
credits from other sectors: they are estimated to be worth around 25 per cent of the value
of standard CERs.16 This unattractiveness to potential purchasers is partly responsible for
the fact that only one CDM A/R project has been registered at the time of writing.
Reversals of emissions reductions is less of a problem for the forest sector at the national
level because in most cases any net emissions reductions are likely to involve only a small
proportion of sequestration relative to reduced deforestation and degradation emissions.
Furthermore, at a national scale, it is much less likely that a large proportion of forest
carbon would be affected by any one-off event in a given period. This is one of the reasons
why a national-level approach to forest abatement is recommended in Chapter 9.

16 Schlamadinger and Baalman (2008), which is a background paper to this Review
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Even if there were a long-term liability for forest carbon stocks, which is one of the
proposals under discussion in UNFCCC negotiations, the risk associated with a reversal
of net forest emissions above a reference level would need to be managed in a manner
that ensures:
a) environmental effectiveness and credibility;
b) little or no risk to credit purchasers;
b) sufﬁcient stability for forest nations to pursue effective emission reduction policies
A means of meeting all three criteria is through the creation of a forest carbon reserve
(or buffer) at the national level, following an approach used for the project level in the
Voluntary Carbon Standard (VCS). This would involve setting aside a percentage of the
credits awarded to a forest nation in a reserve account. Should the nation’s emissions
rise rather than fall relative to its reference level in a successive period then a quantity of
credits sufﬁcient to cover the reversal would be cancelled out.
To further spread the risk of reversal, national credit reserves could be aggregated into
one central reserve. This already occurs between projects in the VCS scheme. The risk of
reversal would be spread between all countries. At a global level, the deforestation rate
remains fairly stable. If one country lost a signiﬁcant proportion of its forest then this
might cause a large increase in forest emissions nationally, yet become insigniﬁcant at
the global level. The reversal in the country’s emissions might be larger than the quantity
of carbon stored in its reserve account, so the country would be able to use credits from
the central reserve to make good the whole reversal. The more countries participating in
national baseline-credit schemes, then the more effectively, efﬁciently and equitably risk
would be spread. Figure 11.10, illustrates how the central credit reserve scheme might
work.
Figure 11.10: Illustration of a credit reserve for managing the risk of reversal of forest
emissions reductions
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central reserve
of credits
forest
nation

credits
credits

tradable credits

carbon market
credit purchases

If a central reserve is used, then a system of incentives would need to be adopted to deal
with the risk of moral hazard. If a forest nation thought that it could rely on other countries’ reserve credits to make good its own shortfall, then it might not make a real effort
to prevent the reversal from occurring. The risk is addressed to a certain extent through
credits being awarded ex poste: the country needs to ensure successive emissions reductions to secure any payment at all. The moral hazard could be further addressed by a rule
which required a proportion, for example 10 per cent, of a countries’ credits, to go into a
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national reserve and a further a proportion, for example 10 per cent, to go into a central
reserve. If, at the end of the crediting period, the nation’s central reserve credits were not
called upon then it could be allowed to sell the residue of credits in its national reserve.
A credit reserve system with a sufﬁciently large reserve to cover the risk of reversals
would generate credits that were attractive to purchasers and comparable to other CDM
credits. But the system would have to be designed carefully. Initially unknown and then
changing reserve allocations would have an adverse impact on the incentive to invest in
forest emissions reductions. The allocation will need to be set sufﬁciently high for the
reserve to be large enough to cover any emissions reversals, yet not so high as to disincentivise investment in emissions reductions. The credit reserve could be further enhanced
with credits that are purchased from the aggregated fund but are not destined for resale
to carbon markets. Taken together with the reserve allocation, this should ensure a sufﬁciently large reserve. Even in the case of an agreement on forestry that involves long-term
liability for reversals, a credit reserve system could help to smooth out ﬂuctuations in
deforestation rates and reduce the associated compliance risks.
Another option that has been discussed for addressing the risk of reversals is that any
increase in emissions in one period would lower the baseline in the successive period so
in the successive period the forest nation would have to make good its reversal from the
previous period before it could start to earn any credits. One problem with this option is
that it weakens the incentive for the forest nation to continue to participate in a national
baseline-credit scheme. The baseline in the successive period could be so challenging to
reach that the nation writes off the prospect of earning further credits and decides to pull
out. Other options under discussion include private insurance policies against reversals
and discounting of forest sector emissions reductions to account for the risk of reversals.

11.5.3 Managing the risk of investment for forest nations
An institution could also be used to reduce the risk of investing in forest abatement for
FOREST NATIONS BY GUARANTEEING TO PURCHASE FROM THEM A MINIMUM QUANTITY OF CREDITS
at a minimum price.
A linking mechanism could also be used to minimise the risk to forest nations of investing
scarce ﬁnancial resources in forest emissions reduction policies and for the international
credit market price then to fall. In the absence of intervention, the credit price would
ﬂuctuate in line with ﬂuctuating supply and demand for international credits. This
is the normal function of markets and the means by which an efﬁcient credit price is
determined. However, some forest nations may not be well suited to making substantial
investments in emissions reduction policies in such circumstances.
A linking mechanism could therefore guarantee forest nations a minimum purchase
price for their forest credits and also a minimum quantity of credits that it would
purchase in a given period. This would give forest nations the certainty they need to
justify investing scarce resources in forest emissions reduction policies. Still, the international credit market price is just one factor that determines the quantity of credits
supplied to the market in any given period. Other factors include the credit reference
level (see Chapter 9), the forest nation capacity for pursuing emissions reduction policies
and access to up-front ﬁnance (see Chapter 13).
In setting a single guaranteed price, a trade-off would need to be made between on
the one hand ensuring equity and strong incentives to forest nations and, on the other
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hand, ensuring that the forest sector’s low-cost abatement potential is not negated. It
would also be important that the guarantee price does not change too frequently or
unpredictably, as this will again weaken the incentive for forest nations to invest in forest
emissions reduction policies.
Those forest credits that the linking mechanism did sell to the market need not be
sold on immediately. This might be the case if the market price for the forest credits is
currently less than the guarantee price at which they were purchased from forest nations.
The linking mechanism should be permitted to temporarily hold onto the forest credits
so that when they are sold they reach more than the guarantee price. This would allow
it to recoup its administration expenses and to pay back any loans it took on in order to
purchase credits from forest nations in the ﬁrst crediting period.
However, if an institution were to play this role, discretion over the retention of forest
credits, particularly if market prices are inﬂuenced, would need to be exercised carefully.
If through the actions of the linking mechanism, the international credit price was artiﬁcially inﬂated, the beneﬁts of low cost abatement from forestry would not be realised. It
is also worth noting that there would be no particular need for the linking mechanism to
temporarily restrict the supply of credits to the carbon market in order to avoid ‘ﬂooding’
individual markets. This is because each carbon market is likely to have set itself a supplementarity limit sufﬁcient to protect itself from such an eventuality (see Section 11.3).
Finally, the linking mechanism would need to operate as predictably and transparently
as possible to promote stability in the markets. Stability can be enhanced in a number of
ways, including by selling signiﬁcant quantities of forest credits on long forward contracts
shortly after they have been purchased from forest nations. A well functioning market
will also require the linking mechanism to be set up in such a way that costs, delays and
unpredictable discretionary decisions are kept to a minimum.

11.6 Conclusion
This chapter examined the impact of adjusting emissions reductions targets and supplementarity limits on the EU ETS carbon price. We show, with the use of modelling, that if
Annex I countries simultaneously commit to more stringent emissions targets and higher
supplementarity limits then they can achieve greater global emissions cuts for a given
cost while maintaining incentives to invest in new low carbon technology.
This chapter also presented the results of modelling the impact of linking forestry to
carbon markets on the EU ETS carbon price. The results suggest that if supplementarity
limits are set at 50 per cent or lower, then admitting forest credits will have little or no
impact on the EU carbon market price and therefore on the incentive to develop new low
carbon technologies.
Next we modelled the potential impact of forest credits on other international credit
sectors, and showed that Annex I countries will need to balance more stringent emissions
targets and supplementarity limits to support the power abatement sector in developing
countries, which drives low carbon technology transfer. The balancing of these two variables will also affect the amount of carbon market ﬁnance available for forestry abatement, which the results of one scenario modelled suggest could be around $7 billion in
2020.
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Finally, we made the case for using a linking mechanism in the transition to a comprehensive global cap and trade system in order to blend carbon market ﬁnance with other
sources for purchasing credits. We recommend that the linking mechanism should be
used to manage the risk of reversal of forest emissions reductions as well as to reduce the
risks to forest nations investing in emissions reduction policies.
The next chapter explores the governance requirements necessary for forest nations to
respond to the incentive provided by carbon markets and other funding so that they can
realise a signiﬁcant amount of the world’s forest abatement potential.

12. Governance and
distribution of ﬁnance
Key messages
Good governance and effective mechanisms for the distribution of ﬁnance are needed
for a successful framework to reduce forest carbon emissions.
National governments need to take the lead in implementing a successful system to
tackle deforestation. Key areas of governance reform include clarifying and securing land
tenure and user rights and strengthening the institutional capacity of national, regional
and local institutions. Determining and implementing changes with the full participation
of forest communities will make reforms more likely to succeed and beneﬁt the poor.
National governments should decide the level of delegation for both the implementation of policies and programmes to reduce deforestation, and the receipt and use of
revenue from forest credits.
Many policy and programme options exist for reducing emissions from deforestation
that do not require cash transfers to individuals. However some options will do so,
including transfers to subsistence farmers and foresters. Such delegation will involve
signiﬁcant costs and capacity requirements, which may be very challenging for many
forest nations in the short term. Capacity building and demonstration activities to test
these approaches will be needed.
To help promote transparency, accountability and strong ﬁnancial management, countries may choose to manage carbon revenues through a special fund with broad-based
participation in its governance, which could include international institutions.
Countries participating in a forestry mechanism should report on the policies and
measures they have put in place to reduce deforestation, including an assessment
of social and environmental impacts, and information on stakeholder consultation
processes. These communications should be subject to peer review.
Forest nations should also consider establishing a transparency mechanism for forest
carbon ﬁnance transfers, and the international community should provide appropriate
support.
Programmes to reduce forest loss should avoid unintended harm to the people and
places they affect. In addition, voluntary higher standards for programmes that aim
to achieve wider beneﬁts such as poverty reduction and the protection of biodiversity
could be created. Premium credits generated from such programmes could be given
preferential treatment in the international compliance or other markets.
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12.1 Introduction
Good governance and effective mechanisms for the distribution of ﬁnance are needed
for a successful framework to reduce forest carbon emissions.
Achieving any revenue from a forestry mechanism depends on countries being able to
control and manage their forest resources. Implementation may be through decentralised
programmes, involving many different stakeholders and with varying levels of central
government involvement. Sub-national approaches will also be important in continued
piloting and for engaging communities and the private sector. This chapter examines
sub-national delegation and distribution systems, and the challenges these imply. Given
that solutions will necessarily be country-speciﬁc and often implemented at the local
level, this chapter seeks to set out options, general principles and challenges rather than
making speciﬁc recommendations about which policies, measures and systems would be
most appropriate or successful in particular forest nations.
The chapter also addresses the role of the international system in ensuring basic social
and environmental safeguards for the people and places affected by new policies and
measures to reduce deforestation, and in promoting best practice.

12.2 National-level governance
National governments need to take the lead in implementing a successful system to
tackle deforestation. Key areas of governance reform include clarifying and securing
land tenure and user rights and strengthening the institutional capacity of national,
regional and local institutions. Determining and implementing changes with the full
participation of forest communities will make reforms more likely to succeed and beneﬁt
the poor.
An international mechanism on forestry must respect the sovereignty of nation states
and their rights to determine the best uses of their forests for the beneﬁt of their citizens.
The main role of national governments is in developing and implementing an overall
strategy for reducing deforestation consistent with broader national development objectives. Drivers of deforestation vary widely between and within countries, so solutions
need to be country-speciﬁc and based on country-led analysis of the economic, social
and institutional drivers of forest loss.
National strategies and mainstreaming
Climate change, deforestation, sustainable development and livelihood considerations
need to be integrated into national growth and development strategies. It will be necessary to identify and remove inappropriate ﬁnancial incentives for forest conversion,
where they exist, and similarly to reform tax/subsidy regimes to incentivise forest protection. The effectiveness of policies to reduce deforestation depends on policies and action
in other sectors. Systematic application of environmental and social impact assessments
to all major policy developments will be the key means for governments to expose the
inevitable trade-offs between different policy objectives, make decisions in the full
knowledge of the likely impact on deforestation and rural livelihoods, and put in place
mitigation strategies where necessary.
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The prospect of a new international mechanism on forestry provides an incentive for
rainforest nations to reassess and revise their legal and policy frameworks to ensure a)
their appropriateness for enabling a country to beneﬁt from a future scheme; and b)
clarity of coverage and application. Box 12.1 describes Guyana’s low carbon development
vision, which aims to transform the country’s economy and achieve its development
goals while preserving its natural resources.

Box 12.1: Guyana’s low carbon development vision1
The Government of Guyana is working to produce a low-carbon development strategy
which identiﬁes how to:
s harness low carbon opportunities to stimulate job creation, investment and
economic growth in Guyana;
s work with the global community to create ﬁnancial incentives to make it more valuable
to leave Guyana’s 16 million hectares of rainforests standing than to cut them down;
s protect Guyana’s people and productive land from climate change – in 2005, ﬂoods
caused damage equivalent to 60 per cent of Guyana’s GDP.
The strategy is grounded in the view that it is not necessary to choose between national
development and tackling climate change, but instead to look at how to forge successful
economies that avoid the high carbon development of the past.
The Government of Guyana will facilitate a national consultation on the development strategy, to reach a broad national consensus on how to achieve the vision.
Land tenure and user rights
Clarifying and securing land tenure and user rights should be a priority for forest nations,
for social as well as environmental reasons. Only when property rights are secure, on
paper and in practice, are longer-term investments in sustainable management made
possible. Clarifying and securing land tenure has evident beneﬁts for the poor, enshrining
in law their traditional rights to draw economic, social and cultural value from forests.
Without clear land rights – deﬁning who owns land or the resources on it and who can
receive the income it generates – a forestry ﬁnance mechanism may prove to be high risk
for the poor.2 There will be a danger of customary rights being violated in the interests of
inward investment, and abusive contracts and land speculation acting to the detriment
of community interests.3 Thus without clear tenure and use rights, sustainable forest
management will be impossible and carbon ﬁnance may increase social conﬂict.
Land-use planning and zoning
A system for ensuring rational land use planning at national and decentralised levels will
be critical. This may include new zoning programmes, undertaken in the context of the
national strategy for reducing deforestation, which, for example, establish new areas of
permanent forest reserve out of areas currently identiﬁed for extraction and conversion
uses. All zoning exercises have implications for forest communities and existing land
holders, and ensuring participation and buy-in from all interested parties will be critical
1
2
3

Government of Guyana (2008)
Peskett and Harkin (2007)
Grifﬁths (2007)
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to their success. There are a range of examples from Latin America and South East Asia
where zoning exercises have failed due to lack of popular support and consultation.4 Box
12.2 describes a participatory mapping exercise in the Democratic Republic of Congo
intended to provide the basis for an inclusive future zoning exercise.

Box 12.2: Community mapping in the Democratic Republic
of Congo
The Rainforest Foundation is supporting a group of Congolese NGOs led by CENADEP
to undertake a community mapping project in several locations across DRC. The team
working on this Review met representatives of the project who had just returned from
mapping an entire territoire in DRC’s Bandundu province.
Community members are trained in the use of GPS to produce a map of their local
area. An example is shown below. The exercise in Bandundu identiﬁed 190 villages
where only 30 had been shown on a previous map. It also identiﬁed agricultural land
used by communities, sites of cultural or religious signiﬁcance, and the extent and
limits of commercial logging and other concessions. The results were presented to a
mapping workshop with the DRC government to demonstrate that large scale participatory mapping was possible, and should be the precursor to any new zoning exercise. Experience from an earlier project site, where communities successfully lobbied
logging companies to provide additional infrastructure on the basis of new information
gleaned from the mapping exercise, demonstrated the potential of this approach for
strengthening the rights of forest communities.

4

Chomitz et al (2006)
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Institutional capacity
In addition to clarifying land rights and ensuring rational land use planning, the institutional capacity of national, regional and local institutions needs to be strengthened.
Governments will need to ensure that different agencies have clear responsibilities and
are working in concert to achieve reduced deforestation. Governments need to be able
to develop, implement and enforce laws and policies that will impact on deforestation
and help reduce poverty. They will also need to develop the institutions and systems
required to access a new international ﬁnance mechanism, for example measuring and
monitoring capability, internal transfer mechanisms and revenue collection channels for
carbon ﬁnance. A country’s success in reducing deforestation depends on institutions
and sectors well beyond forestry and wider land use, so forestry-related reforms need to
be integrated into wider processes of institutional development.
Participatory approaches
For governance reforms to beneﬁt the poor, they need to be determined and implemented
in participation with forest communities. Genuinely participatory land-use planning at all
levels, with the establishment of a national consensus on forest policy through comprehensive
stakeholder engagement, will be the cornerstone of successful forest governance.5 The National
Forest Programme approach6 and the FLEGT process, which require a multi-stakeholder
consultation and consensus on a deﬁnition of legality, are good models that can contribute
to higher levels of trust between governments, the private sector, NGOs and community
groups. Articles 18 and 19 of the United Nations Declaration on the Rights of Indigenous
Peoples7 concern the rights of indigenous peoples to participate in matters which would affect
their rights, and the need for States to consult with indigenous peoples on matters affecting
them. There will always be trade-offs between speed, simplicity and scalability of policy and
programme development and implementation, and how closely involved all stakeholders can
be. But the environmental and social sustainability of policies to reduce deforestation will
depend on the buy-in of all interested stakeholders, and of those who live in and around forests
in particular.
Immediate action
Improving forest governance in the context of international action on climate change
is the principal means by which nation states can reduce deforestation. But action to
reduce deforestation cannot wait for perfect forest governance. Instead, the development
of mechanisms and demonstration activities at national and sub-national-level can be
used as a platform to improve governance in parallel, through developing institutional
and human capacity. Sub-national programmes can help generate locally determined
reforms and agreements and do not have to wait for national systems to be in place ﬁrst.
New ﬁnance for forests could act as an entry point for wider governance reform in many
developing countries.8
Chapter 13 looks at how the international community, through ﬁnancial and technical assistance, could support the kind of reforms described above that will allow countries to take advantage of an international incentive mechanism for forestry.
5
6
7
8

Saunders et al (2008)
http://www.nfp-facility.org/home/en/
Resolution 61/295, adopted by the General Assembly in September 2007
Brown et al (2002)
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12.3 Distribution of ﬁnance
It is often assumed that linking carbon ﬁnance to forests would require forest nations to
make cash reward payments to large numbers of individual landholders. The logistical
complexity and high transaction costs of establishing this kind of distribution system,
particularly in developing countries, has been the cause of scepticism about the feasibility of an international ﬁnance mechanism for forests. In fact there are many different
ways that forest nations can try to reduce deforestation, and a wide variety of uses and
distribution mechanisms for the carbon ﬁnance generated. PES (Payment for Ecosystem
Services) schemes involving many individual landowners is only one of the options, and
countries will need to carry out their own analytical work to determine the best solution
for them.

12.3.1 Sources of funding and spending options
The relationship between sources of funding, what it is spent on and the ultimate recipients is complex, will differ between countries and will change over time as new sources
of funding come on stream.
As discussed in Chapter 13, funding for reducing deforestation can come from a
variety of sources (see Figure 12.1). Countries could use their own funds to implement
programmes to reduce deforestation, and use the revenues gained from the carbon market
to ﬁnance other policy priorities. Alternatively, bilateral and multilateral funds may be
used in the early years to ﬁnance policy and institutional reforms and some initial ﬁnancial incentive schemes, to be replaced by carbon ﬁnance once initial emissions reductions
have been achieved and forestry has been integrated into the carbon market. Whilst
funds from bilateral and multilateral donors are likely to be tied to speciﬁc programmes
and policies, funds from the carbon market will not necessarily be spent on programmes
related to climate change and deforestation.
Figure 12.1: Different funding sources and spending options available to
forest nations
Over time more funding from carbon markets

Sources of
funding

Nation's
own funds

Bilateral and
multilateral donors

Carbon markets

Different levels of delegation of implementation and finance
between central government and ultimate recipient of funds

Spending

Programmes to reduce
deforestation and degradation

Other (non-forestry)
spending
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12.3.2 Government policies and measures to reduce deforestation
Forest nations have three main options for policies and measures to reduce deforestation:
s Command and control measures. These could include direct enforcement of forest laws,
revised if necessary, and the establishment and policing of protected areas. Indirect
regulation will also be important (for example, limiting the deforestation impacts of
infrastructure). Command and control measures are likely to be a signiﬁcant part of all
forest nations’ attempts to reduce deforestation.
s Taxation. Countries may discourage activity that leads to deforestation (such as forest
clearance for agriculture) by imposing higher taxes on such activities.
s Financial transfers. Countries may make cash or in-kind transfers to actors who are
reducing deforestation or undertaking forestation. To incentivise positive behaviour
change, ﬁnancial rewards could be made to actors who, for example, move to a system
of sustainable forest management (SFM), or plant trees.9
Most governments are likely to employ a combination of command and control, taxation
and ﬁnancial incentives. For example, if a new piece of legislation such as the establishment of a new protected area means that certain people are no longer able to access the
area’s resources, they may require compensation for income forgone.

12.3.3 Delegation of programmes and ﬁnance to
sub-national actors
National governments should decide the level of delegation for both the implementation of policies and programmes to reduce deforestation, and the receipt and use of
revenue from forest credits.
Many policy and programme options exist for reducing emissions from deforestation
that do not require cash transfers to individuals. However some options will do so,
including transfers to subsistence farmers and foresters. Such delegation will involve
signiﬁcant costs and capacity requirements, which may be very challenging for many
forest nations in the short term. Capacity building and demonstration activities to test
these approaches will be needed.
The role of national governments in direct delivery of programmes on the ground to
reduce deforestation – whether they be command and control or transfer measures – will
vary from country to country. Central government’s main role will be in creating the
conditions for implementing actors (ie, sub-national state structures, private companies,
communities) to successfully enact policies and programmes to reduce deforestation.
Countries will make decisions depending on national circumstances about the level of
delegation of responsibility and incentive for a) implementing policies and programmes to
reduce deforestation; and b) receiving and spending revenue from forest credits.
Most countries will need to introduce national-level reforms to align better their legal
and policy frameworks with an international incentive mechanism for forestry. Coun-

9

Peskett et al (2008)
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tries may choose to direct some programmes centrally – for example, the management of
protected areas, putting in place support services for the promotion of SFM, or centrally
managed PES schemes (see Box 12.3 for an example from Costa Rica).

Box 12.3: Costa Rica PES scheme
The Costa Rica Payment for Environmental Services scheme is an example of a successful
nationwide PES scheme, involving payments to individual landowners. Landholders
volunteer to participate and undertake to preserve various environmental services –
including forest cover – through sustainable forest management, reforestation and
restoration processes and agroforestry.
The funding for the scheme comes from tradable offsets sold on international
markets, donor funds (including a Global Environment Facility grant) and a national
fuel tax.
Figure A below shows the organisational structure of the system. FONAFIFO, part
of the Ministry of Environment, is the organising institution responsible for reviewing
applications, conducting veriﬁcations, making payments and monitoring programmes.
The Joint Implementation Ofﬁce is the channel through which carbon credits are channelled. Landholders can have bilateral contracts with credit buyers, but all credits must
be registered centrally.
Between 1997 and 2005, half a million hectares of land had been covered by environmental service payments, the majority for forest protection, and $120 million has
been delivered in ecosystem service payments.10
Figure A: Organisational structure of the Costa Rica PES scheme
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Alternatively, national governments may devolve policy and implementation responsibility to provincial, regional or local governments. The Bolsa Floresta programme in Amazonas
State in Brazil is one example of a provincially run PES scheme. In another example,
the Aceh Green programme in Indonesia is one province’s cross-sectoral response to the
challenges of climate change and environmental sustainability.
National or local governments could choose to devolve responsibility for design,
delivery and management of programmes to reduce deforestation to private companies,
NGOs or communities. Whichever entity has ultimate control over programme design and
delivery, the engagement of forest communities, and the deployment of their expertise
and knowledge as those closest to forest resources, will be critical to ensure the sustainability of actions.
In a system of national targets, trends in emissions, removals and credits relative
to national reference levels need to be registered nationally to avoid double counting,
but devolution of responsibility for delivering programmes could be accompanied by
devolved responsibility for receiving credits. Local governments, companies, communities or individual landholders could receive and manage credits, including cashing them
in and investing the revenues. Figure 12.2 is a representation of this type of system.
Figure 12.2: Different options for national governments to devolve responsibility to
sub-national actors
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12.3.4 The challenges of delegation and distribution
Full devolution of responsibility for credits to sub-national actors, or any scheme involving
distribution of cash payments to a potentially large number of individual actors, could
present a signiﬁcant implementation challenge for many forest nations. Work commissioned for this Review outlined the following governance requirements for large-scale
delegation of responsibility for emissions reductions:
s Clarity on resource ownership. Where land tenure is unclear, landowners cannot be sure
that their ownership or control over a project area will not be contested once it becomes
more valuable. Uncertainty over whether the party selected for a carbon purchase and/
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or investment contract is in fact the inalienable owner of the land/asset renders investment in land-based activities expensive and high risk.
s Clarity on environmental service ownership/responsibilities. Even where land tenure is
certain, in some cases there are no clear legal rules for ownership of non-traditional
assets, such as environmental services. There may be a need for clariﬁcation as to the
legal nature of emissions reductions and, ultimately, their ownership.
s An effective judiciary. Related to clear land tenure, developers/investors will also need an
assurance that the legal infrastructure in a country is able to uphold the rights set out
in project contracts. The institutions do not necessarily need to be independent but a
reasonable degree of transparency is required. The capacity to provide this contractual
certainty has been noted as one of the reasons for the overwhelming dominance of
China in the CDM, compared with states elsewhere in Asia and Africa.11
The transaction costs and capacity requirements of dealing with a large number of individual stakeholders, including the development of methodologies for calculating the
precise emissions reductions that individual areas and actors are responsible for, will be
challenging for many forest nations, especially because of the often highly dispersed and
remote location of many people living in and near forests.
Cash/credit distribution to individual actors is only one way of reducing emissions
from deforestation, however. Many of the possible policy and programme options for
reducing emissions from deforestation, which nations can select according to their individual circumstance and capacity constraints, do not require cash transfers to individuals. Examples include:
s indirect or in-kind payments (for example to villages) for establishing broader development projects such as improving social services;12
s government-backed technical and managerial support services to SMEs to implement sustainable forestry or agricultural practices so that it becomes ﬁnancially viable
for them;
s broader low-carbon development strategies drawing people away from deforesting
activity, for example Guyana’s plans for the development of ICT parks and supporting
services;13
s programmes to support agricultural intensiﬁcation, linked to provisions for forest
protection that distribute equipment and seeds, and the roll out of training programmes
rather than cash;
s direct payments only to large companies (such as mining, logging, soy) to take on
an environmental stewardship role in partnership with communities in the surrounding
area.
Many options, however, will require direct connection with, and transfer to, many
individual actors, including reaching out to highly dispersed subsistence farmers and
foresters. Carbon ﬁnance may need to reach individual landholders to provide up-front
funding to make the shift to sustainable practices, or as an ongoing additional income
stream to make these practices economically viable. Existing local institutions, such as
11 Hoare et al (2008)
12 Peskett et al (2008)
13 Government of Guyana (2008)
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village committees, banks and credit unions, could be used for channelling and redistributing payments, but these would need wider coverage and signiﬁcant capacity
building support.
National-level policy and legislative reform can take place relatively easily in capitals, but implementation and enforcement will require linkage deep into the forests.
Truly participatory processes that bring forest communities into decision making also
require mechanisms that can reach down to the community and individual level. This
will be one of the major challenges for countries wishing to beneﬁt from an international
forestry mechanism. The spin-off beneﬁts for other aspects of forest nations’ economies
and society from these developments are evident. Mobilising civil society and religious
networks that generally have signiﬁcantly more reach than the state will be crucial. But
the challenges remain signiﬁcant.

12.3.5 Management of ﬁnance by governments
To help promote transparency, accountability and strong ﬁnancial management, countries may choose to manage carbon revenues through a special fund with broad-based
participation in its governance, which could include international institutions.
The money that governments receive from bilateral and multilateral funds to implement programmes to reduce deforestation will be governed according to the agreement
in place between the partner countries. Funds from the carbon market going directly to
nation states could be managed in two different ways, outlined in Figure 12.3. This ﬁgure
only analyses what government, national or regional, could do with carbon revenues.
As discussed above, they would also have the ﬂexibility to devolve responsibility for
managing credits to sub-entities.
Figure 12.3: Options for managing carbon market ﬁnance
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• Government and other national
actors eg private sector, NGOs
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In option A above, carbon market ﬁnance is channelled directly to national governments, to use like any other sovereign revenue, on measures to reduce deforestation
or otherwise.
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In option B, carbon market funds from forestry are channelled into an earmarked
fund. Again, they can be spent on forestry or non-forestry programmes. The main difference is in the governance of the funds. To ensure that new carbon revenues are seen to
be being used in an equitable way for the beneﬁt of all citizens, countries may choose to
take a participatory management approach to the funds. This could include:
s national actors only, or
s international representation and support, such as a regional development bank to
provide public ﬁnancial management and capacity building support. Box 12.4 provides
an example of the Kecamatan Development Fund in Indonesia, which operates in a
similar way.
This kind of broad-based participation in the governance of carbon revenues would help
promote transparency, accountability and strong ﬁnancial management. Participation of
international bodies in decisions on how to spend their funds would necessarily need to
be subject to considerations of national sovereignty. Table 12.1 sets out the pros and cons
of the different approaches.
Table 12.1: Pros and cons of different approaches to managing carbon revenues

Option A – as other
revenue

Pros

Cons

s Helps build capacity of
government budgetary
processes and systems

s Less easy to demonstrate
transparency and accountability (although delivery
mechanisms could be
designed to ensure this)

s More streamlined
processes

Option B1 – special
fund (national
actors only)

s Enables holistic view and
cross-government prioritisation of expenditure

s Capacity gaps, especially in
public ﬁnancial management, could hinder effectiveness of programmes

s Increased transparency
and accountability

s Potentially slower decisionmaking and action

s Increased conﬁdence
in equity of beneﬁts
sharing

s Could tend to emphasise
projects over a national
approach
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Option B2 – special
fund (with international actors)

Pros

Cons

s Increased international
conﬁdence (including
from private sector)
possibly leading to
increased ﬁnance ﬂows

s Would need to be acceptable given sovereignty
considerations

s Increased conﬁdence
in equity of
beneﬁts sharing

s Could tend to emphasise
projects over a national
approach
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s Slower decision-making
and action

s Access to technical
assistance
s Could blend market
funds with those
received from international public sources

Box 12.4: Kecamatan Development Program:
special fund mechanism14
The Kecamatan Development Program (KDP) is a national Government of Indonesia
programme, implemented by the Ministry of Home Affairs, aimed at alleviating
poverty, strengthening local government and community institutions, and improving
local governance. The KDP is in its third phase, and is expected to run until 2009.
The programme is funded through government budget allocations, donor grants,
and loans from the World Bank. Funds are held in a special earmarked account, independent of national budgets. The Figure below shows the fund management structure
of the KDP.
It provides block grants of approximately Rp 500 million to 1.5 billion (approximately
$50,000 to $150,000) to sub-districts (kecamatan) depending upon population size.
Villagers engage in a participatory planning and decision-making process to allocate
those resources for their self-deﬁned development priorities. KDP focuses on Indonesia’s poorest rural communities.
KDP provides funds from the national level to the village collective accounts at the
kecamatan level. These are used to fund infrastructure projects, loans or social investments. Accountability and transparency are increased by each ﬁnancial transaction
downwards being matched by a similar paper trail upwards.

14 Peskett et al (2008) and www.worldbank.org/id/kdp
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KDP Funds Flow System
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12.3.6 Capacity for distribution systems
The challenges in introducing extensive sub-national transfer and distribution systems
are the same in all policies and programmes to reduce deforestation:
s governance capacity, particularly extent of state control and implementation capacity
into provinces and remote areas;
s public ﬁnancial management, and the existence and capacity of national and subnational ﬁnancial transfer mechanisms.
A key element of the design of national strategies to reduce deforestation, and capacity
building and institutional strengthening to support their implementation, is establishing
what kind of internal distribution, delegation and contractual mechanisms best suit a
country’s individual circumstances. The role of non-state actors, including the private
sector and particularly the banking and ﬁnance sectors, will be crucial. Capacity will also
need to be built outside the state. Demonstration activities will also be vital in testing
the distributional aspects of certain policy approaches. Chapter 13 describes the requirements for capacity building support and demonstration activities in more detail.
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12.4 International governance
National sovereignty will rightly be paramount in negotiations on bringing forestry and
wider land-use issues into an international framework on climate change. Nevertheless,
the international community has an important role in working with national governments to support their and their citizens’ participation. This role is threefold:
s First, national level governance in many forest nations needs to be aligned and
strengthened so that countries can effectively reduce deforestation. Chapter 13 looks
at how the international community can best support countries to develop the systems
necessary to beneﬁt from a forestry mechanism.
s Second, the international community has a role in ensuring that basic safeguards are
in place for the people and places who are affected by a new system to reduce deforestation. Policies and programmes to reduce deforestation should do no harm.
s Third, the international community can help promote best practice and policies and
measures that, as well as reducing deforestation, promote co-beneﬁts such as poverty
reduction and biodiversity protection and enhancement.
While carbon ﬁnance for forestry could potentially provide signiﬁcant additional income
to some of the poorest countries in the world, concerns have been raised about its impact
in forest nations if administered poorly. Concerns include:
s The impact of potentially large new income streams in countries where governance
and public ﬁnancial management are weak or respect for human rights is poor.
s The impact on indigenous peoples and forest communities, who often experience
vulnerability and marginalisation. Risks include:
– renewed or increased state and outside control over forests
– support for exclusionary models of forest conservation
– violations of customary land and territorial rights
– unequal and abusive community contracts
– land speculation, land grabbing and land conﬂicts (competing claims for compensation for avoiding deforestation).15
s The implications for associated issues such as biodiversity protection.
This Review has identiﬁed two key ways in which statutory and voluntary governance of
the international climate change system can help address some of these concerns:
1. national reporting requirements and transparency mechanisms;
2. voluntary standards to promote best practice.

12.4.1 Reporting and transparency
Countries participating in a forestry mechanism should report on the policies and
measures they have put in place to reduce deforestation, including an assessment
of social and environmental impacts, and information on stakeholder consultation
processes. These communications should be subject to peer review.
15 Grifﬁths (2007)
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Forest nations should also consider establishing a transparency mechanism for
forest carbon ﬁnance transfers, and the international community should provide appropriate support.
Reporting requirements
Reporting to the UNFCCC should become the key tool for transparency and promotion
of best practice for countries participating in a forestry mechanism.
Both Annex I and non-Annex I countries are already required to submit National
Communications to the UNFCCC, although the content and submission timetables are
different in accordance with the principle of common but differentiated responsibilities. Communications contain information on the activities undertaken to implement
the Convention. They also set out national circumstances, and provide information on
vulnerability, ﬁnancial resources, technology transfer, and education, training and public
awareness. However, only Annex I countries have to provide information on the policies
and measures (PAMS) they have put in place to reduce emissions. Annex I countries are
also required to submit annual GHG inventories.
National communications from Annex I Parties are subject to an in-depth review
conducted by an international team of experts and coordinated by the secretariat.
National communications from non-Annex I Parties are not subject to such a review.
The Review recommends that reporting requirements for countries participating in
a forestry mechanism should be strengthened. Countries participating in a forestry
mechanism should submit annual GHG inventories for the forest sector, and report via
national communications on PAMS put in place to reduce deforestation, including an
assessment of social and environmental impacts and information on stakeholder consultation processes.
Communications and inventories should be subject to peer review. Transparency in
countries’ PAMS will open them up to scrutiny from national and international civil
society, and from other parties to the Convention, particularly on the impact of their
PAMS on the rights and livelihoods of the poor and vulnerable.
Financial transparency
National and local systems and processes that demand accountability and promote
transparency in the land-use sector and in new carbon ﬁnance streams will be essential. For example, to promote accountability and transparency, Independent Forest Monitors have overseen concession management in Cambodia and Cameroon. A World Bank
assessment of the Cameroon programme found that it had enhanced law enforcement,
created signiﬁcant pressure for greater public information and spurred reforms that have
increased government revenue collection.16
International support mechanisms also have a role. Several countries are applying the
Extractive Industries Transparency Initiative (EITI – see Box 12.6) revenue transparency
mechanism to forestry. This could be further extended to carbon ﬁnance, as a new source
of natural resource revenue for governments and companies. A transparent publication
system for all forest carbon ﬁnance transfers, within and beyond a country’s borders, would
be a major contribution to ensuring accountability and good ﬁnancial management. A

16 Saunders et al (2008)
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national registry for credits would help fulﬁll this function for international credit transactions, but internal transactions, such as taxes on devolved credit revenue or on how government spends credit revenue, may require additional mechanisms. The Review recommends
that forest nations consider establishing a transparency mechanism similar to EITI for this
purpose, and that the international community provides appropriate support.

Box 12.6: Extractives Industries Transparency Initiative (EITI)
The EITI17 aims to strengthen governance by improving transparency and accountability in the extractive industry sector. It sets a global standard for companies to
publish what they pay and for governments to disclose what they receive. It supports
improved governance in resource-rich countries through the veriﬁcation and full publication of company payments and government revenues from – principally – oil, gas
and mining.
Some countries, such as Ghana and DRC, are already extending their EITI processes
to forestry. Expanding EITI or a similar initiative to carbon ﬁnance could help to allay
fears about the transparent management and distribution of carbon ﬁnance revenues.
The freedom and strength of civil society in rainforest nations will be a key factor in
determining whether this new resource is managed for the beneﬁt of all of a nation’s
citizens. Civil society organisations need to develop their understanding of how a new
deal on climate change, including forestry, will operate and develop methods, networks
and processes for responding to it. Technical and ﬁnancial support to civil society from
the international community can help make this happen.

12.4.2 Voluntary standards and best practice
Programmes to reduce forest loss should avoid unintended harm to the people and
places they affect. In addition, voluntary higher standards for programmes that aim
to achieve wider beneﬁts such as poverty reduction and the protection of biodiversity
could be created. Premium credits generated from such programmes could be given
preferential treatment in the international compliance or other markets.
Experience from the CDM suggests that there is little appetite for establishing mandatory sustainability standards within UNFCCC mechanisms.18 The primacy of national
sovereignty in decision-making about land use means that an international agreement
on climate change will not be prescriptive in how nations choose to tackle deforestation,
beyond the reporting requirements set out above. Nevertheless, the UNFCCC decision
on deforestation made at Bali recognised that ’reducing emissions from deforestation and
forest degradation in developing countries can promote co-beneﬁts and may complement the aims and objectives of other relevant international conventions and agreements‘. Chapter 4 has already described several ways in which policies and measures to
reduce deforestation can promote poverty reduction and sustainable development and
support other ecosystem services. The Review proposes the development of higher standards, against which compliance can be veriﬁed, for those that wish to meet them.

17 www.eitransparency.org
18 Hoare et al (2008)
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In the voluntary carbon market a range of voluntary standards exists to accredit projects and schemes. Box 12.7 describes some of these in more detail. For a system of national
programmes, the Review proposes the following.
1) Development of independent voluntary standards and accreditation processes for assessing
national programmes, or parts thereof
A range of standards exists for assessing project-scale carbon forestry projects. Developing criteria for assessing national policies and programmes will be more challenging.
It will be crucial that standards, and the institutions developing and assessing them,
are trusted by forest nations and potential credit purchasers alike. Criteria for assessing
national governance reforms and centrally directed programmes could, for example,
relate to the extent of involvement of forest communities in the policy making process,
or whether viable livelihoods were developed for forest communities as part of a forest
protection programmes. Many forest nations may choose to delegate responsibility for
achieving reductions to lower levels of governments, NGOs, companies and individuals.
In these cases, standards that operate at sub-national level – probably similar to current
project-level standards and potentially instituted by nation states themselves – could be
made to apply.
Country sovereignty over what constitutes sustainable development within their
borders – and thus what constitutes viable co-beneﬁts – means that a range of different
standards is likely to develop, from different centres of inﬂuence and perspective. An
overarching organisation, such as exists for SFM in the form of PEFC (Programme for
Endorsement of Forest Certiﬁcation Schemes), could help to make sense of a range of
standards for credit purchasers. Accreditation processes will also need to be fully transparent to ensure the conﬁdence of both buyers and sellers.
2) Preferential treatment given to premium credits by companies/Annex I countries that are
buying credits to meet their commitments
Projects and programmes yielding carbon credits, which include environmental or social
co-beneﬁts, are most likely to be developed where investors can see a clear market demand
for them. However, achieving demand for co-beneﬁts in the potentially much larger
compliance market will require purchasers to give preferential treatment to such credits
and to pay a price which reﬂects the additional costs attached to their generation. There
is some potential and precedent for this – for example the UK government’s contract
for government-purchased offsets requires high and speciﬁc standards of environmental
integrity and social sustainability. This could be extended to a commitment by sovereign
nations purchasing credits to meet their liabilities through purchase of premium credits,
or encouraging/obliging those with delegated responsibility (eg through national/
regional trading schemes) to do so.19

19 Hoare et al (2008)
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Box 12.7: A selection of voluntary carbon standards
Gold standard
Within the CDM, the best known standard of this type is the Gold Standard. This
requires the use of renewable energy and energy efﬁciency technologies that promote
sustainable development for the local community. Gold Standard projects are tested
for environmental quality by registered third parties. In 2007, Gold Standard CDM
credits were traded at a 15 per cent premium over average annual credit prices, driven
in part by Corporate Social Responsibility buyers in the voluntary market.20
Climate Change and Biodiversity Alliance (CCBA)
CCBA has developed voluntary standards to help design and identify land management
projects that simultaneously minimise climate change, support sustainable development
and conserve biodiversity. The following scorecard shows all 23 criteria, made up of 15
required criteria and 8 optional "point scoring" criteria. To earn CCBA approval, projects
must satisfy all 15 required criteria. Exceptional projects that go beyond basic approval
may earn a Silver or Gold rating, depending on the number of points scored.21
General Section
G1

Original Conditions at Project Site

Required

G2

Baseline Projections

Required

G3

Project Design & Goals

Required

G4

Management Capacity

Required

G5

Land Tenure

Required

General Section
G6

Legal Status

G7

Adaptive Management for Sustainability

Required
1 Point

G8

Knowledge Dissemination

1 Point

Climate Section
CL1

Net Positive Climate Impacts

Required

CL2

Ofsite Climate Impacts (“Leakage”)

Required

CL3

Climate Impact Monitoring

Required

CL4

Adapting to Climate Change & Climate Variability

1 Point

CL5

Carbon Beneﬁts Witheld from Regulatory Markets

1 Point

Community Section
CM1

Net Positive Community Impacts

Required

CM2

Ofsite Community Impacts

Required
Required

CM3

Community Impact Monitoring

CM4

Capacity Building

1 Point

CM5

Best Practices in Community Involvement

1 Point

Biodiversity Section
B1

Net Positive Biodiversity Impacts

B2

Ofsite Biodiversity Impacts

Required

B3

Climate Biodiversity Monitoring

Required

B4

Native Species Use

1 Point

B5

Water & Soil Resource Enhancement

1 Point

Total Project Points

20 Hoare et al (2008)
21 www.ccba.org
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Plan Vivo
Plan Vivo generates carbon credits for sale on the voluntary carbon market. Plan Vivo
programmes aim to mitigate climate change but also to contribute to poverty reduction. Plan Vivo is a management system used to register and monitor carbon sequestration activities implemented by farmers. Local promoters help farmers to draw up their
own work plans, known as Planes Vivos, for forestry or agroforestry systems that reﬂect
their own needs, priorities and capabilities. These are assessed for technical feasibility,
social and environmental impact and carbon sequestration potential. Viable plans are
registered with the Trust Fund and an agreement for the supply of carbon services via
the Fund is signed. The Trust Fund then provides farmers with ﬁnancial and technical
assistance to implement farm- or community-scale forestry and agroforestry developments, on the basis of the carbon that will be sequestered.22

12.5 Conclusion
To reduce deforestation effectively and beneﬁt from an international ﬁnance mechanism, forest nations will need to make signiﬁcant reforms to national governance structures and processes. The development of coordinated regional and local mechanisms,
each with clear responsibilities, will also be crucial for delivering emission reductions on
the ground. Political commitment to the cause of sustainable resource management is
the ﬁrst step to making these changes happen. Inclusive in-country reforms and capacity
strengthening are a major opportunity for developing country governments to empower
the poor and deliver improved livelihoods for forest communities.
National governments should decide on how best to manage the receipt and use of
revenues from forest credits, and this will change over time as new sources of funding
come on stream. Where cash transfers to individuals are required, capacity building and
demonstration activities to test such approaches will be vital. At the international level,
broad-based participation in the governance of carbon revenues would help promote
transparency, accountability and strong ﬁnancial management.
The international community also has a role to play in promoting best practice, policies and measures that deliver reductions in emissions from the forest sector, as well as
promoting poverty reduction, biodiversity protection and enhancement. Ensuring that
basic safeguards are in place for the people and places who are affected by a new system
to reduce deforestation will also be important.

22 www.planvivo.org

Part IV:
International action,
capacity building and
short-term funding
The ﬁrst three Parts of this Review set out the challenge of deforestation; the longterm goal of including the forest sector in an international cap and trade system; and
the transitional arrangements and building blocks required over the medium term to
achieve this goal. Part IV sets out the action required from the international community
in the short term.
The international community must act urgently to address the loss of global forests. In
the short term, this will require immediate preparation for linking developing country
forests into existing carbon trading schemes; public/private ﬁnance to meet the funding
gap; and reform of international and national institutions so that forest emissions reductions can be measured, accredited and receive appropriate ﬁnancial payment.
Chapter 13 sets out the direct action needed to build capacity in the short term. This
includes urgent research and analysis; policy and institutional reform; and demonstration
activities to test new approaches and demonstrate how credit mechanisms can be used
to make production more sustainable, promote afforestation, reforestation and restoration (ARR) as well as securing wider social and environmental beneﬁts. The chapter also
discusses the role of public and private ﬁnance in meeting the funding gap to ﬁnance
forest credits in the short to medium term.
Chapter 14 concludes by recognising that climate change and deforestation are global
challenges requiring an international response. Action through broad participation and
cooperation will be needed as part of the international negotiations under the Bali
Action Plan towards a global climate change deal in Copenhagen in 2009. The chapter
highlights the need for effective coordination of international ﬁnancing to support
emissions reductions in the forest sector. Finally, it advocates a global sea-change in
the way land is used and commodities are produced. This will need to recognise that a
shift to more sustainable production methods will be complex and challenging but not
impossible if the international community act together effectively.

13. The funding gap and
capacity building
Key messages
Strong and urgent action is needed to reduce global deforestation and degradation
and promote afforestation, reforestation and restoration. Public and private funding
will be required to drive emissions reductions in the short to medium term and there
should be access to compliance carbon markets as early as possible.
Many countries will need to undertake a range of preparatory work, reforms and
capacity strengthening measures before they can participate fully in a forest carbon
credit mechanism.
National solutions to deforestation need to be based on robust analysis of speciﬁc
national drivers of forest loss and consideration of each country’s position on the forest
transition curve. This will require research, analysis and knowledge sharing.
Many forest nations will want to undertake policy and institutional reforms, to create
a governance environment in which sustainable land and resource management is
possible and proﬁtable. Estimates for this Review suggest that necessary reforms and
capacity building in 40 forest nations would cost up to $4 billion over ﬁve years. Some
countries may be able to self-ﬁnance, while others may seek overseas development
aid support.
Demonstration activities will be needed to test new approaches and demonstrate how
credit mechanisms can be used to make production more sustainable; promote reduced
emissions from deforestation and degradation (REDD); as well as afforestation reforestation and restoration (ARR); and secure wider social and environmental beneﬁts.
If deforestation is to be halved by 2020, additional public/private ﬁnance of $11-19
billion a year to 2020 may be required to ﬁll the funding gap left by compliance carbon
markets as they grow.
Funding should be provided by public funds (eg bilateral and multilateral ODA), private
investment, and ‘pump-priming’ of market mechanisms, using a mixture of public and
private funds. In the short to medium term, international public funding for forests
must be substantially scaled up. Public ﬁnance should taper off as carbon markets
increase the availability of capital.
International public funds should be coordinated effectively, avoiding a proliferation
of competing mechanisms. An overarching secretariat should be established to direct
funds and ensure knowledge sharing. Coordination also requires donors and other
key stakeholders, such as the UN and the World Bank, to consider climate change and
deforestation impacts in their wider assistance programmes with forest nations.
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The design and governance of funds need to be based on equitable participation by
developed and developing country governments, and should be done in consultation
with indigenous groups and forest communities.

13.1 Introduction
Strong and urgent action is needed to reduce global deforestation and promote afforestation, reforestation and restoration. Public and private funding will be required to
drive emissions reductions in the short to medium term and there should be access to
compliance carbon markets as early as possible.
Many countries will need to undertake a range of preparatory work, reforms and
capacity strengthening measures before they can participate fully in a forest carbon
credit mechanism.
The international community needs to act urgently to address global deforestation. In
the short term, many developing countries will want support for capacity building to
prepare for participation in forest credit schemes. At the same time, a combination of
international public and private ﬁnance will be needed to meet the funding gap in the
short to medium term.
This chapter examines the preparatory work and capacity building that countries will
need to undertake in three key areas:
s research, analysis and knowledge sharing;
s policy and institutional reform;
s demonstration activities.
We go on to discuss the short-term funding gap that the international community urgently
needs to address. Short- to medium-term public and private ﬁnance is essential for investment in major programmes and early crediting mechanisms before and during the period
during which national and regional carbon markets will grow and probably merge.
Finally the chapter sets out some key principles of governance of the international
architecture for ﬁnancial support.

13.2 Research, analysis and knowledge sharing
National solutions to deforestation need to be based on robust analysis of speciﬁc
national drivers of forest loss and consideration of each country’s position on the forest
transition curve. This will require research, analysis and knowledge sharing.
Chapter 3 set out that the drivers of deforestation are a complex interrelation of global
and local factors. Consequently, solutions to the challenge of deforestation need to be
based on a sound understanding of the particular drivers of deforestation in speciﬁc
countries and regions. A ﬁrst step for forest nations in developing an effective strategy for
reducing forest emissions will therefore be robust analysis of national-level rates of deforestation and degradation, along with the country-speciﬁc drivers underpinning them.
Forest nations will need to conduct further research and analysis in areas including:
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s historical and projected future emissions levels;
s drivers of deforestation;
s capacity for measuring and monitoring;
s capacity of governance, policy and legal frameworks;
s views of stakeholders.
On the basis of this analysis, countries will be able to develop options and ultimately a
strategy for:
s developing and agreeing a reference scenario;
s ﬁscal, institutional and policy reforms;
s implementation channels, legal arrangements and distribution mechanisms;
s social and environmental impact assessment of policies;
s meeting up-front investment for capacity building, equipment, infrastructure, technical assistance and related requirements.
The costs of these kinds of research and analytical work are included in Table 13.1 in
the following section. Many countries may seek international technical and ﬁnancial
support to prepare themselves in this way, but the sustainability of solutions to deforestation will depend on the analysis and subsequent strategy development being led by forest
nations themselves.
The Forest Carbon Partnership Facility (FCPF) readiness fund and the collaborative
programme of UN agencies (UN-REDD) are mechanisms that at the time of writing are
being developed to provide channels for support to these activities (see Box 13.6).
As well as knowledge transfer through the provision of technical assistance, the sharing
of information and wide dissemination of lessons and best practice will strengthen
global capacity for tackling deforestation, and promote the faster development of effective programmes. These should be key functions in an international ﬁnancing system.
The following sections of this chapter examine how this function could operate horizontally across different mechanisms. Forests also cross borders. Consequently, regional and
international cooperation on analysis, policy development and information sharing will
contribute further to the effectiveness of the global effort. Box 13.1 describes cooperation on information, analysis and capacity building between forest nations through the
Poverty and Environment Network.

Box 13.1: Cooperation on research, analysis and
information sharing
Poverty and Environment Network – CIFOR
The Poverty and Environment Network (PEN) was launched in September 2004 by the
Center for International Forestry Research (CIFOR). PEN is the tropics-wide collection
of uniform socio-economic and environmental data at household and village levels
from about 30 PEN partners (mainly PhD students), generating a global database with
some 5,000 to 6,000 households and 200 to 250 villages from more than 20 countries.
PEN research will serve as the basis for the ﬁrst global comparative and quantitative
analysis of the role of tropical forests in poverty alleviation. The data collection includes
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a careful recording of all forest and environmental uses, and income data is collected
through four quarterly surveys to shorten recall periods and increase accuracy.
The PEN format represents an innovative way of doing research, involving a
large number of partners to collect global data using comparable deﬁnitions,
questionnaires and methods. PEN will also help in strengthening research capacity in
developing countries.
PEN is a six-year project (2004-2010). It is coordinated by CIFOR, but is working
closely with resource persons in a number of universities and research institutes on all
continents. A grant from the UK is supporting the 2007-2010 phase of data analysis,
synthesis and dissemination of results.1

13.3 Policy and institutional reform
Many forest nations will want to undertake policy and institutional reforms to create
a governance environment in which sustainable land and resource management is
possible and proﬁtable. Estimates for the Review suggest that necessary reforms and
capacity building in 40 forest nations would cost up to $4 billion over ﬁve years. Some
countries may be able to self-ﬁnance, while others may seek overseas development
aid support.
The strategies adopted by countries for policy and institutional reform will differ
depending on the drivers of deforestation; current land use and ownership patterns; and
political preferences. However, in all cases there are likely to be two key elements:
s Policy and institutional reform: addressing issues such as governance, tenure, land-use
planning, tax and other policy drivers.
s Speciﬁc activities: reducing deforestation through a range of measures such as
tackling illegal logging, sustainable forest management, alternative livelihoods, and
protected areas.
The Review commissioned a consortium of organisations to examine the ﬁrst of these –
policy and institutional reform – to assess what common measures most forest countries
will need to put in place, and how much this would cost. Box 13.2 describes the work in
more detail.2

1
2

http://www.cifor.cgiar.org/pen/_ref/home/index.htm
Hoare et al (2008)
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Box 13.2: Capacity building for policy and institutional reform
This Review commissioned a consortium of organisations – Chatham House, ProForest
and the Overseas Development Institute (ODI) – to examine the capacity building
requirements for policy and institutional reform in forest nations.
The analysis ﬁrst undertook an overview of forest and wider land use governance in
25 forest nations, selected to give a cross-section of country and forest circumstances.3
Issues covered included the state of forest law, land tenure, strength of civil society, the
extent of sustainable forest management, sovereign credit ratings and scores on the
World Bank Worldwide Governance Indicators index.
Secondly, the consortium examined the minimum governance requirements that
countries would need to meet in order to:
s access an international ﬁnance mechanism;
s beneﬁt from a mechanism by succeeding in reducing deforestation
s achieve wider beneﬁts such as poverty reduction and biodiversity protection through
their programmes to reduce deforestation.
The consortium then estimated costs for the policy and institutional reforms that these
25 countries would need to undertake to meet these governance requirements. The
circumstances of some of the 25 were considered directly and some used to crosscheck the approach. The ﬁgure for 25 countries was then scaled up to 40 countries
on the basis that around 40 countries are expected to seek to join a forest mechanism
under the UNFCCC.
To provide a global cost estimate for the capacity building needs of rainforest
nations, the study considered the types of governance intervention required and then
estimated the costs of each of these on the basis of previous programme activities.
Deﬁning the methodology was complex because governance requirements are difﬁcult to categorise, and because of the spectrum of functions that might be required to
support participation in a future mechanism, ranging from general practices of effective governmental institutions, outside the forest sector but nevertheless essential, to
more speciﬁc practices that are relevant particularly to the forest sector. There is therefore a wide range of costs that could be included as elements of capacity building for
policy and institutional reform.
Once the areas of intervention had been deﬁned, an evidence base was formed
from a wide sample of project case studies relating to as many of the interventions
as possible. Project data came from a number of donors, including the UK Department for International Development, the World Bank, the International Tropical Timber
Organisation (ITTO) and AusAID, as well as from experts who have been involved with
implementing and managing projects.
The study estimated a range of costs for each intervention and calculated a range
of costs for a generic country by estimating the cost of introducing all of the governance mechanisms. Each of the interventions was assumed to be necessary, to a greater
or lesser extent, due to existing gaps in governance capacity. Using this methodology,
the consortium estimated the costs at up to $4 billion over ﬁve years for 40 forest
nations.
3

Brazil, Bolivia, Mexico, Costa Rica, Guyana, Venezuela, Colombia, Peru, Indonesia, Malaysia,
Papua New Guinea, China, India, Cambodia, Vietnam, Myanmar, Thailand, DR Congo, Congo
-Brazzaville, Cameroon, Equatorial Guinea, Liberia, Sierra Leone, Gabon, Ghana.
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As set out in Chapter 12, a range of governance factors will need to be addressed. These
can be summarised as:
s effective institutions, with clearly deﬁned roles and responsibilities;
s clear and appropriate legislation;
s clear, reliable and equitable land tenure;
s ability to enforce legislation;
s monitoring capabilities.
Some countries may be able to self-ﬁnance the necessary reforms and capacity building.
Others will seek ﬁnancial and technical support from external sources. It may be difﬁcult
to make any direct link between investment in these types of governance reforms and
reductions in emissions, and hence more difﬁcult to fund these activities from carbon
revenues. Furthermore, private-sector money is less likely to be invested in countries with
poor governance and policy environments. Governance reforms, which create the overarching national context in which on-the-ground action to reduce deforestation can take
place, should therefore be an early aspect of implementation of most countries’ strategies,
before signiﬁcant carbon revenue funding is available. For all these reasons, public funds
will be the most likely source of ﬁnance for these activities.
The work commissioned by the Review estimated policy and institutional reform costs
for forest nations. Costs for 40 countries are estimated at up to $4 billion over ﬁve years
(see Table 13.1).
Table 13.1: Cost estimates of readiness for reducing forest emissions in 40
forest nations
Activity
Strategy development
Establishment of relevant infrastructure
Stakeholder consultations
Pilot testing
Establishment of baseline, monitoring system and inventory

Upper estimate of
funding required
$1m
$1.5m
$2m
$0.5m
$6m

Land tenure reform

$20m

Land use planning and zoning

$10m

Development of capacity to provide support services for
implementation activities, eg RIL, agricultural intensiﬁcation

$10m

Forest policy and legislation reform

$1m
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Activity

Upper estimate of
funding required

Tax reform (eg removal of subsidies/tax incentives)

$1m

Standards and guidelines

$1m

Enforcement of planning and environmental requirements,
and forest laws

$2m

Independent monitoring

$5m

NGO capacity building

$1m

Effective judicial system

$5m

Institutional reform, clariﬁcation of roles and responsibilities,
capacity building

$14m

Treasury reform

$5m

Establishment of ability to process and manage payments to
project beneﬁciaries

$5m

5 year costs for one country
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$91m

Total 5 year costs for 25 countries

$2.3bn

Total 5 year costs for 40 countries

$3.7bn

Note: Figures are upper estimates

There are two important caveats to be considered when using these ﬁgures, which in
many cases are derived from past projects carried out mainly with donor funding.
First, costs of previous interventions do not necessarily reﬂect the actual amounts
needed to achieve certain ends – funds spent are more often a reﬂection of the availability of funds and donor priorities rather than actual requirements. In many cases the
costs of a project are a reﬂection of aid and donor procedures. For example, donors typically have a series of cost levels at which approval can be granted and most projects tend
to cluster just under the limit for rapid approval.
Secondly, the projects have not always been successful in achieving the desired
outcomes. This could be due to too little being spent, poor project design and management, or to lack of political will.4

13.4 Demonstration activities
Demonstration activities will be needed to test new approaches and demonstrate how
credit mechanisms can be used to make production more sustainable; promote reduced
emissions from deforestation and degradation (REDD) as well as afforestation, reforestation and restoration (ARR); and secure wider social and environmental beneﬁts.

4

Hoare et al (2008)
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A limited number of programmes have so far speciﬁcally aimed to measurably reduce
carbon emissions from the forest sector. Of those that exist, the majority have also been
at sub-national or project level. Many forest nations will have limited experience of
national-level measuring and monitoring techniques; large-scale land use programmes
linked to carbon ﬁnance; systems for distributing ﬁnance; or partnerships between
different levels of government, NGOs, the private sector and other stakeholders. Testing
approaches for establishing the sustainable production methods described in Chapter 4
through pilot projects or demonstration activities and applying lessons from them will
therefore be an important part of early implementation. The Bali decision on addressing
deforestation in developing countries encouraged demonstration activities to test new
approaches and provided indicative guidance for projects.
Demonstration activities will also play an important role in testing ways in which
sustainable production and forest protection measures can promote improved livelihoods and enhance other ecosystem services. At all levels, demonstration activities
should aim to strengthen the national and local governance systems within which they
are embedded. For example, information transparency mechanisms can be developed at
the same time as building measuring and monitoring capacity, or establishing payment
for ecosystem services (PES) schemes can include strengthening local governance structures and ﬁnancial transfer mechanisms.
Funding for demonstration activities can come from a range of sources: public funding
(national or international); voluntary carbon markets; and the private sector. Forest
nations, potential credit purchasing countries and companies, and private-sector investors should use demonstration activities and their results to learn lessons and improve
conﬁdence in a new asset class of forest credits.
Box 13.3 describes some demonstration activities currently underway and planned.
Collating and disseminating lessons gathered from demonstration activities will be critical to ensure that lessons are learned and applied in different contexts.

13.3: Demonstration activities currently underway
and planned
GMES REDD pilot project: Bolivia and Cameroon
The Global Monitoring for Environment and Security (GMES) initiative, a joint initiative of the European Space Agency and European Union, is working with Bolivia and
Cameroon to test the establishment of scientiﬁcally valid reference scenarios/baselines
for deforestation and, where possible, forest degradation. This will use Earth Observation (EO) technologies and other quantiﬁcation methods (including ﬁeld measurements). It also aims to estimate potential future emissions reductions by assessing the
carbon dynamics of various forest management strategies (eg traditional logging practice versus reduced-impact logging). The ﬁve main components of its work are:
s needs assessments;
s using EO to obtain data on deforestation rates and spatial information on deforestation over a historical period;
s modelling biomass accounting;
s policy scenario analysis;
s technology transfer through capacity building.5
5

GAF-AG (2008)
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Ulu Masen: Aceh, Indonesia
This project, led by the government of Aceh with the support of NGOs and private
project developers, and underwritten by Merrill Lynch, aims to test carbon ﬁnance
mechanisms to reduce greenhouse gas emissions, contribute to sustainable development and conserve biodiversity.6 The 30-year project will use land-use planning and
reclassiﬁcation, increased monitoring and law enforcement, reforestation, restoration and sustainable community logging on 750,000 ha of forest in the Ulu Masen
Ecosystem and peripheral forest blocks. It is estimated that the proposed activities will
reduce deforestation by 85 per cent, leading to 3.4 million tonnes of CO2 emissions
being avoided each year. The project is the ﬁrst REDD project to have received silver
standard certiﬁcation from the Climate, Community and Biodiversity Alliance (CCBA).
The project will sell forward 70 per cent of the generated Veriﬁed Emissions Reductions
(VERs) with a 30 per cent buffer reserve for leakage and other risks.7
Bolsa Floresta: Brazil
Bolsa Floresta rewards communities for their commitment to halt deforestation by
distributing payments for ecosystem services to families, communities, and family associations. Families must attend a two-day training programme on environmental awareness and make a zero deforestation commitment. In addition, they must enrol their
children in school. They then receive a monthly payment of 50 reais ($30). Community associations can also receive payments of up to 4000 reais ($2500) to support
legal income generation activities that do not produce smoke, such as beekeeping
for honey production, ﬁsh-farming or forest management. Cooperative Investment for
administrative support to family associations makes up 10 per cent of the total paid
for the families during the year. Bolsa Floresta funds are generated by the interest on
a core fund, ﬁrst established with contributions from the Amazonas government and
Bradesco (Brazil’s largest private bank).
Deforestation will be monitored on a yearly basis by the Amazonas Sustainability
Foundation and the Amazonas State Secretariat for the Environment and Sustainable
Development (SDS) team and through satellite images analysed by partner institutions.
The programme currently covers six reserves and 2,102 families in six Amazonas State
Conservation Units. The objective is to expand to 4,000 families by the end of 2008.8
Congo Basin Forest Fund Start-up programme
The Congo Basin Forest Fund, supported by the UK and Norway, will provide near-term
funding for a range of new approaches to protect forests and improve livelihoods in the
Congo Basin. Start-up funding provided by the UK will ﬁnance:
s linking participatory mapping with pilot payments for ecosystem services schemes
with communities in the Congo basin;
s institutional strengthening of the Democratic Republic of Congo (DRC) Ministry
of Environment;
s piloting community forestry in the DRC through a partnership between the DRC
government and NGOs.
6
7
8

Government of Aceh (2007)
Merrill Lynch (2008)
http://www.princesrainforestsproject.org/rainforest-nations/the-americas/case-study
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13.5 Meeting the funding gap
If deforestation is to be halved by 2020, additional public/private ﬁnance of $11-19 billion
a year to 2020 may be required to ﬁll the funding gap left by compliance carbon markets
as they grow.
Funding should be provided by public funds (eg bilateral and multilateral ODA), private
investment, and ‘pump-priming’ of market mechanisms using a mixture of public and
private funds. In the short to medium term, international public funding for forests must
be substantially scaled up. Public ﬁnance should taper off as carbon markets increase
the availability of capital.
If deforestation is to be halved by 2020, additional public/private ﬁnance of around $11-19
billion a year 2020 may be required to ﬁll the funding gap left by carbon markets as they grow
(see Chapter 11).
Finance will be required in the short term, before forest credits have access to
compliance carbon markets, and in the medium term (to 2020 and beyond), to supplement the carbon market ﬁnance which will grow over time. This section focuses on the
functions that this short- to medium-term ﬁnance is required to fulﬁl and how it can
be delivered.

13.5.1 Public funds
In addition to support for capacity building (discussed in previous sections), public
funding will be needed for three main activities in the short to medium term:
s investment in demonstration activities (described in previous sections);
s up-front investment in major programmes (ex-ante ﬁnance to deliver emissions
reductions);
s ‘pump-priming’ of market mechanisms, using a mix of public and private funds to
reward early action and test crediting mechanisms (ex-post ﬁnance for emissions
reductions achieved).
Beyond the policy and institutional reforms described in previous sections, reducing
deforestation will require forest nations to implement large-scale programmes on the
ground, along the lines described in Chapter 4 to establish sustainable production systems
and/or alternative livelihoods. Countries may have limited ability to self-ﬁnance up-front
investments, even with the promise of carbon revenues to reward emissions reductions.
This is particularly true of sub-Saharan Africa, where many countries currently have
national/sovereign risk proﬁles that impede private-sector investment in most sectors.
Public money (donated, lent or used to underwrite larger private-sector sums) will need
to be made available to establish institutions and implement a range of activities if they
are to attract private-sector investment or access international carbon markets in the
medium term.9
Box 13.4 highlights some of the commitments of public funding that have been
made already by donors for the type of investments set out above. On current estimates,
approximately $4 billion is expected to be made available until 2013. While this might

9

Hoare et al (2008)
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cover the capacity building costs for preparation, international contributions would need
to be signiﬁcantly scaled up to meet the funding gap and demonstrate real commitment
to tackling deforestation. In some countries, absorptive capacity will be a constraint on
the support they can accept, particularly before some of the policy and institutional
reforms set out in this Review have taken place; however the availability of funds from
the international public purse is potentially a major constraint. The diversion of ODA
funding for environmental spending is also an issue of concern for many.

Box 13.4: Sources of funding to support country programmes
for reducing forest emissions
United Kingdom
The UK’s £800 million International Environmental Transformation Fund (ETF) seeks to
reduce poverty through environmental protection and helping developing countries
respond to climate change. It will support programmes on clean technology and adaptation as well as forests. £50 million of the ETF is supporting the Congo Basin Forest
Fund, a multi-donor fund set up to take early action to protect the forests in the Congo
Basin region. A further £15 million has been committed to the FCPF.
Norway
Norway is providing $2.5 billion over ﬁve years to help reduce carbon emissions from
deforestation through its International Climate Change and Forestry mechanism. It is
working with the UN and World Bank to ensure appropriate coordination of the international architecture of support to forestry.
Australia
Australia’s International Forest Carbon Initiative has so far committed $75 million to
a variety of bilateral and multilateral initiatives including capacity building support
to Indonesia and a speciﬁc partnership on carbon forestry with Kalimantan, a Forest
Carbon Partnership with PNG and a research partnership with CIFOR.
Germany
Germany has announced `800 million over four years and a further `500 million a year
after 2013 to protect ‘forests and other ecosystems under threat’. It has announced a
$60 million contribution to the FCPF.

13.5.2 ‘Pump-priming’ market mechanisms, including with
private ﬁnance
Reductions in deforestation and degradation in developing countries will not be integrated into a carbon market until 2012 at the earliest. However, some forest nations will
be in a position earlier to start implementing emissions reductions programmes that
can receive international incentive payments. The urgency of addressing deforestation
requires that early action is rewarded.
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‘Pump-priming’ covers piloting and scaling up market-type mechanisms for incentivising emissions reduction, in advance of forests being included in a compliance market.
This means that forest nations will have early access to national-level crediting systems
and incentive payments for reducing deforestation, using the kinds of methodologies
(for establishing baselines, measuring and monitoring etc) that a compliance mechanism
under the UNFCCC is likely to require. These mechanisms can combine bilateral and
multilateral funding with lower-risk investment opportunities for the private sector and
will reward early action and build conﬁdence that forest credits can be absorbed into
existing carbon markets.
The voluntary market is the only market that can currently undertake projects that
generate credits for reduced emissions from deforestation. The size of the Voluntary
Carbon Market (VCM – $331 million in 2007)10 is considerably smaller than the projectbased compliance market (CDM value of roughly $8 billion in 2007).11 The VCM has a
much higher proportion of forest credits than the CDM, but projects for reducing deforestation are only 3 per cent of total transactions in the VCM. The VCM also lacks standards
to ensure real, measurable and long lasting emissions reductions. The small size of this
market, the lower prices on offer and the inability to ensure consistent monitoring and
veriﬁcation standards for emissions reductions indicate that, valuable though the voluntary market is, it will not provide pump-priming for future inclusion of forest credits in
a compliance market.
The private sector is currently unwilling to bear the costs associated with the risk of
non-delivery of emissions reductions from a national-level government forest programme,
or of a new deal on climate change including forestry not materialising. Public funding
should therefore be used in the short term to act as a guarantor, effectively bringing
down the cost of any liability for the private sector, until the market is large enough to
cover these costs. Blending funding from market and non-market sources would help
ensure that the price signal to rainforest countries is sufﬁciently credible to win their
participation. Market demand is expected to increase over time, especially if access to
the compliance system is in prospect or agreed, so the need for non-market funding
sources should diminish. However, a combination of funding is likely to be required for
some years into the medium term (see Chapter 11). Figure 13.1 demonstrates how private
investment in the forest sector should grow as conﬁdence in the sector increases.
The pump-priming function of pre-compliance credit purchasing facilities helps
prepare all actors in a potential future carbon market that includes forest emissions
reductions. The beneﬁts for various actors include:
s forest nations: incentives to achieve emissions reductions in a way that generates
credits that can be sold on the international market;
s potential private-sector investors: introduces a new asset class of forest credit that they
need to prepare themselves for and lowers risks for early investment;
s NGOs: developing standards for generation of forest carbon credits that can later be
applied to the compliance carbon market;
s trading schemes, such as the EU ETS, build conﬁdence in legitimacy of a new asset class.

10 Hamilton et al (2008)
11 World Bank (2008)
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Figure 13.1: Increasing commercial potential of carbon forest ﬁnance over time
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The success of pump-priming will depend on the effectiveness of pre-compliance market
credit purchasing facilities. Facilities should:
s reward government-led, large-scale action before a compliance market is in place;
s continue to reward signiﬁcant-scale sub-national action by countries which are not
full participants in a national-level compliance scheme, even when such a scheme is
in place;
s reward action in line with the indicative guidelines for demonstration activities
from Bali;
s stay in close contact with development of UNFCCC negotiations and adjust requirements gradually and accordingly to ensure credits generated have compliance value
if possible;
s guarantee credits for emissions reductions achieved on the basis of initially established
criteria, even if these are not later redeemable on the compliance market;
s require high standards with respect to co-beneﬁts such as poverty reduction
and biodiversity protection;
s reinvest money from trading credits generated in capacity building in the
relevant country;
s work with private-sector investors to ensure that credits generated.
The World Bank’s Forest Carbon Partnership Facility (FCPF) Carbon Fund has been
developed to fulﬁl a pump-priming function. The scale of ﬁnance currently provided
by the FCPF is a small proportion of the ﬁnance required, with an initial capitalisation
of $300 million. The EU and several individual member states (Italy, the Netherlands,
Spain and Denmark) have also established carbon funds managed by the World Bank
to purchase credits that can be used to meet their Kyoto obligations and, more broadly,
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support sustainable low-carbon development in developing countries. These funds could
be used to purchase forest carbon credits.
Up-front ﬁnance and ex-post rewards can also be linked. Credit purchasing facilities
will make payments for emissions reductions once they have been veriﬁed. As discussed
above, many countries will require up-front funding to ﬁnance initial major investments,
and there should be communication and coordination between the different funding
sources to achieve this. Countries could use carbon revenues to pay back concessional
up-front ﬁnance.

13.5.3 Private ﬁnance
As well as purchasing and trading in forest carbon credits and their prototypes, the
private sector may choose to invest in sustainable forest management and ecosystem
services through other ﬁnancial mechanisms. Box 13.5 provides some examples of how
traditional ﬁnance models (debt ﬁnancing, securitisation etc) are being rearticulated to
work within the forest and land use sector. Many of these mechanisms could be linked
to a future carbon market incorporating forestry.

Box 13.5: Examples of private-sector ﬁnancing for the forest
sector
A range of ﬁnancial instruments can be used to provide funding that is additional
to carbon market ﬁnance. Examples include equities, bonds, loans and leveraging
ﬁnance from the insurance industry. Here we examine two examples of innovative
ﬁnancing: the Iwokrama Reserve in Guyana and the concept of ecosecuritisation and
forest-backed bonds.
Iwokrama
The Iwokrama Reserve is 370,000 ha of pristine tropical forest in Guyana. In March
2008, Canopy Capital entered into a partnership with the Iwokrama International
Centre for Rainforest Conservation and Development (IIC) to measure and then place
a value on the ecosystem services (ESS) of Iwokrama’s tropical rainforest. Such services
include rainfall production, water storage and weather moderation. Canopy Capital is
buying a licence to measure and then value the ESS provided by the Iwokrama forest
for a period of ﬁve years, by making a guaranteed yearly payment to the IIC.
Guaranteed initial income from Canopy Capital will be used by the IIC to continue the
sustainable management and conservation of the Iwokrama Reserve and to provide
livelihoods for the local communities who depend on the Iwokrama forest. Various
approaches to securing substantial investment in ESS are being explored at Iwokrama.
In particular, Canopy Capital is looking at marketing ESS through an ‘Ecosystem Service
Certiﬁcate’ attached to a ten-year tradable bond, the interest from which will pay for
the maintenance of the Iwokrama forest. In the longer term, 90 per cent of any investment upside will go to the IIC for use in this way.12

12 http://canopycapital.co.uk/resources/Canopy Capital - Frequently Asked Questions.pdf
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Forest-backed bonds
A group including Enviromarkets, HSBC, Forum for the Future and the UK’s Department for International Development (DﬁD) have been developing the concept of ecosecuritisation and forest-backed bonds. Through this model, a fund is created to ﬁnance
investment by sustainable forestry groups. Forestry buyers make a commitment to
long-term purchasing contracts for products/services delivered by sustainable forests.
In return, forestry and conservation groups make a commitment to long-term product/
service supply, sell future payments rights to the EcoSecuritisation Fund and receive
immediate payment. Capital market investors buy forest-backed bonds issued in an
ecosecuritisation in order to access various tropical forest value streams. One possible
structure for the model is set out below.13
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SFM portfolio
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Public funding can also be used to underwrite private ﬁnance. The International Finance
Corporation (IFC), for example, provides a range of products to support and promote
sustainable investment in developing countries through equity ﬁnance (buying shares),
debt ﬁnance (loans) and structured ﬁnances such as credit guarantee facilities.

13.5.4 Alternative funding sources and instruments
In addition to bilateral and multilateral public funds, and private ﬁnance through market
and non-market mechanisms, a range of other funding sources and instruments has
been proposed to ﬁnance reduced deforestation. Some of the proposals rely on a carbon
market function such as levies on carbon market transactions and revenues from the
auction of cap and trade allowances. Other funding may come from alternative sources,
13 Enviromarkets (2008)
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such as international fuel taxation and air travel levies. A selection of these options, and
estimates for the amount of funding they could generate are set out in Table 13.2.
Table 13.2: Alternative funding sources for reducing forest emissions14
Option

Potential revenue generated

Extend CDM levy to other carbon market
transactions
s Application of a levy similar to the two per
cent share of proceeds from the CDM to
international transfers of ERUs, AAUs and
RMUs

$10m to $50m

Auction of allowances for international aviation
and marine emissions
s Sectoral emissions for aviation and marine
emissions agreed and auctioned

$10bn to $25bn (aviation)

International air travel levy
s per-passenger charge on international and/or
domestic ﬂights

$10bn to $15bn

Funds to invest foreign exchange reserves
s Investment of a small proportion of forex
reserve holdings into programmes to reduce
deforestation

Fund of up to $200bn

Access to renewables programmes in
developed countries
s Non-Annex I countries eligible for a proportion of money available through Annex I
renewable energy programmes

$500m

Debt-for-nature swap
s Cancellation of eligible debt in return for
agreed investment in reducing deforestation

Further research needed

Tobin tax
s A tax of 0.01 per cent on wholesale
currency transactions to raise revenue for
UNFCCC purposes

$15bn to $20bn

Donated special drawing rights
s IMF issues SDRs, Annex I countries donate
their allocation to non-Annex I countries

$18bn initially

International Finance Facility
s Raise up-front ﬁnance from bond markets

Further research needed

Depends on size of carbon markets
post-2012

$10bn to $15bn (marine)

14 Adapted from UNFCCC (2007). The options here are not exhaustive. Other options include
Hare and Macey (2007).
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Given the challenges in scaling up public and private funding, these options should be seriously investigated, although there are questions over the feasibility and desirability of all of
them. If they can be overcome, forestry will be one of several competing demands for these
funds. There is also a need to provide adequate funding for R&D into new clean technologies, technology transfer and climate change adaptation. Consequently, linking the forest
sector to national and regional carbon markets as soon as the necessary design elements
are in place will be important. Furthermore, decisions over forest funding to top up carbonmarket ﬁnance will need to be made within a wider context of climate change ﬁnance.

13.6 Coordination and governance of
public funding
International public funds should be coordinated effectively, avoiding a proliferation
of competing mechanisms. An overarching secretariat should be established to direct
funds and ensure knowledge sharing. Coordination also requires donors and other key
stakeholders, such as the UN and the World Bank, to consider climate change and deforestation impacts in their wider assistance programmes with forest nations.
The design and governance of funds need to be based on equitable participation by
developed and developing country governments, and should be done in consultation
with indigenous groups and forest communities.
Several donor countries have already stated their intention to support signiﬁcant investment in sustainable forest and wider land use. A coordinated approach whereby bilateral
funds are pooled within multilateral mechanisms and distributed according to agreed
criteria for participation and prioritisation should provide a more effective, efﬁcient and
equitable delivery of global support to the forest and land use sector (see Figure 13.2).
Figure 13.2: Coordination of funding sources and delivery mechanisms to ﬁnance
forest emissions reductions more effectively, efﬁciently and equitably
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Box 13.6 describes the funding mechanisms currently in place and planned to reduce
carbon emissions from the forest sector in developing countries. Both the UN and the
World Bank will have a role in overarching coordination and delivery of this support.
Several different funds exist or are planned, and there is already potential for overlap and
duplication, particularly for supporting ‘readiness’ functions. A range of mechanisms to
suit the needs and preferences of recipient countries will be important, but a proliferation
of competing mechanisms should be avoided. The World Bank and the UN in particular
need to work together closely to deliver coordinated support and ensure that the division
of labour is based on comparative advantage. Figure 13.3 sets out the roles that different
funding mechanisms might play. A light-touch overarching secretariat could be established to direct coordination and ensure knowledge sharing. Procedural requirements
should as far as possible be in common, in line with Paris Declaration principles on aid
effectiveness. So, for example, requirements relating to social impacts of proposals and
consultation requirements should be the same across mechanisms.
Governance of funds should be based on equitable participation by developed and
developing countries and there should be early consultation on design of mechanisms
with forest communities and indigenous peoples. Although the World Bank and the UN
are likely to be the overarching holders of funds from bilateral and multilateral sources,
mechanisms should be ﬂexible to allow recipient countries to choose their own delivery
partners, for example regional development banks, NGOs, bilateral implementing agencies or private-sector organisations. A country-led approach will be essential.

Box 13.6: Multilateral funds to support country programmes
to reduce emissions from deforestation
Global Environment Facility (GEF)
The GEF was established in 1991 to help developing countries fund projects and
programmes that protect the global environment. GEF grants support projects related
to biodiversity, climate change, international waters, land degradation, the ozone layer
and persistent organic pollutants. It has ﬁnanced forest preservation and sustainable land
management projects under its land degradation theme and will continue to have a role
in pilots and demonstration activities around forests, although new mechanisms set out
below are designed to provide large-scale and dedicated ﬁnance to the forest sector.
UN-REDD
UN-REDD is implementing a programme, to be implemented over the 18 months running
up to COP 15, aims to help prepare countries to access a REDD mechanism through:
s capacity building needs assessment;
s support to strategy development and capacity for monitoring and measuring;
s development and dissemination of guidelines, methods and tools for REDD;
s testing approaches (eg for data management and distribution mechanisms) and
collating and disseminating lessons.
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Forest Carbon Partnership Facility (FCPF)
The FCPF was launched by the World Bank during the Bali climate talks in December
2007. It is a multi-stakeholder partnership of developing and industrialised countries,
NGOs and international ﬁnancial institutions. The facility’s target capitalisation is at
least $300 million ($200 million for the carbon fund and $100 million for the readiness fund). At time of writing, a total of $160 million had been committed from donor
countries and NGOs.
There are two separate mechanisms that will make up the FCPF:
1 Readiness Fund: designed to enable developing countries to have the capacity to
participate in a future system that rewards REDD, by supporting the development
of measuring and monitoring systems and REDD strategies.
2 Carbon Fund: intended to ‘pump-prime’ crediting mechanisms for REDD. The
Carbon Fund will remunerate selected countries in accordance with negotiated
contracts for veriﬁably reducing emissions below a reference scenario.
The FCPF will have a national approach but will not preclude implementation of subnational programmes and projects.
World Bank Strategic Climate Fund (SCF)
The SCF and the Clean Technology Fund (CTF) together make up the World Bank’s
new Climate Investment Funds (CIF), a source of interim funding through which the
Multilateral Development Banks (MDBs) will provide additional grants and concessional
ﬁnancing to developing countries to tackle climate change.
The SCF will provide ﬁnancing to pilot new development approaches or to scale up
activities aimed at a speciﬁc climate change challenge through targeted programmes.
A Forest Investment Programme (FIP) of investments to reduce emissions from deforestation and forest degradation through sustainable forest management is currently
being developed in conjunction with major donors and developing countries.
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Figure 13.3: Respective roles of proposed funding mechanisms for sustainable
management of global forests
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13.6.1 Mainstreaming of climate change and deforestation into
donor programmes
Just as forest nations will need to ensure their overall development strategy and policies
are consistent with the objective of reducing deforestation, donors will also need to mainstream climate change and deforestation into their development programmes. In this way,
programmes that promote deforestation, either directly or indirectly, are avoided. This
is likely to require a signiﬁcant mainstreaming and capacity building effort throughout
donor agencies (both bilateral and multilateral). Contributors to major multilateral organisations also have a responsibility to ensure that their contributions are spent in a way that
is consistent with broader global objectives on tackling climate change.

Conclusion
A country-led approach is vital to reduce deforestation. However, international support,
both technical and ﬁnancial, will be sought by many forest nations so that they can
achieve their national objectives to reduce deforestation and beneﬁt from a new international mechanism on forestry. Considerable work is already underway by bilateral
and multilateral organisations to put the ﬁnance and mechanisms in place to provide
this support. However, there is a heavy responsibility on donor countries, and other key
stakeholders such as the UN and the World Bank, to ensure that support is at the scale
required and is delivered efﬁciently and effectively in a way that does not conﬂict with
other global development and environmental priorities.

14. Conclusions
Key messages
Deforestation is progressing rapidly, particularly in the tropics. Firm and urgent action
is needed. Otherwise, it is highly unlikely that the international community can achieve
a greenhouse gas stabilisation target that avoids the worst effects of climate change.
Action on deforestation needs to be taken as part of the international negotiations
under the Bali Action Plan towards a global climate change deal in Copenhagen, and
in the wider context of development, poverty reduction and preservation of ecosystem
services. The global climate change deal should fully include the forest sector and
should set out the arrangements for linking forest credits to regional and national
carbon markets.
International action is urgently required to support forest nations in building capacity
and preparing for forest carbon ﬁnance. Substantial capacity building will be needed
in three key areas: research, analysis and knowledge sharing; policy and institutional
reform; and demonstration activities.
Climate change and deforestation are global challenges requiring an international
response. This will mean action through broad participation and cooperation.
A global step change is needed in the way land is used and commodities are produced.
A shift to more sustainable production will be complex and difﬁcult, but not impossible
if the international community acts together effectively.
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14.1 Introduction
Deforestation is progressing rapidly, particularly in the tropics. Firm and urgent action
is needed. Otherwise, it is highly unlikely that the international community can achieve
a greenhouse gas stabilisation target that avoids the worst effects of climate change.
The international community needs to act strongly and urgently to address the global
loss of forests. Climate change is a major global threat. To avoid the worst effects of
climate change, levels of atmospheric CO2e should be stabilised at 445-490ppm or less.
Forestry, as deﬁned by the IPCC, is the third largest source of greenhouse gas emissions, with deforestation in tropical countries the main contributor. If the international
community does not tackle deforestation, it is highly unlikely that a CO2e stabilisation
target that avoids the worst effects of climate change can be achieved. Including forests
in mitigation efforts can also lower the global costs of meeting an ambitious stabilisation
target.
The transition path towards a long-term goal of global cap and trade will need to
meet the development needs of countries at different levels of development, particularly
the poorest. National sovereignty in this process needs to be respected. The most effective transition path to global cap and trade is likely to be a national, incentive-based
approach with increasing ﬁnance from emissions trading schemes, combined with additional ﬁnance from other sources as carbon markets grow over time.
In the short term, the main objectives should be capacity building and ﬁlling the
funding gap. Over the medium term, four building blocks are key: effective targets;
robust measuring and monitoring of forest emissions; a well designed system for linking
forest credits to carbon markets and other sources of ﬁnance; and strong governance. In
the long term, the goal should be a comprehensive global cap and trade system that fully
incorporates the forest sector.
Action on deforestation needs to be part of the international negotiations under the
Bali Action Plan towards a global climate change deal in Copenhagen, as well being part
of the wider context of development, poverty reduction and preservation of ecosystem
services. The key actions that the international community will need to undertake
include:
s fully including the forest sector in a post-2012 deal, with arrangements for linking
forest credits to carbon markets;
s international cooperation to support capacity building;
s coordinated international action to deliver ﬁnance effectively.

14.2 The forest sector in a global climate
change deal
Action on deforestation needs to be taken as part of the international negotiations under
the Bali Action Plan towards a global climate change deal in Copenhagen, and in the
wider context of development, poverty reduction and preservation of ecosystem services.
The global climate change deal should fully include the forest sector and set out the
arrangements for linking forest credits to regional and national carbon markets.
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The Bali Action Plan provides a roadmap for the negotiation of a new regulatory framework for international action on climate change, following the expiry of the ﬁrst Kyoto
commitment period in 2012. The Action Plan sets out key areas to be negotiated with a
view to reaching a new global climate change deal in Copenhagen at the end of 2009.
One area is the reduction of emissions from deforestation and the international ﬁnance
required to support it. This Review concludes that the forest sector of developing countries should be included fully in a post-2012 transitional system, which should set out the
arrangements for linking forest credits to regional and national carbon markets.
The building blocks of this transition in the short to medium term include effective
national-level targets (reference levels or baselines); robust measuring and monitoring
of emissions reductions below baselines; a well-designed mechanism for linking forest
credits to emissions trading schemes; and strong governance.
National sovereignty combined with incentives that reﬂect the value of reducing
forest loss to the global community will be important in making the policy shifts that
are needed. Key areas of governance reform that many forest nations will want to take
forward include clarifying and securing land tenure and user rights; strengthening the
institutional capacity of national, regional and local institutions; and determining and
implementing any changes with the full participation of forest communities. Chapter
12 sets out some of the institutional implications of these policy shifts and the options
that developing countries may wish to use in the effective distribution of ﬁnance
sub-nationally.
As well as strong governance at international, national and regional levels, institutional functions will be needed to provide a framework that delivers the remaining three
building blocks in the transition: establishing national-level targets; monitoring; and
linking to carbon markets. It is beyond the scope of this Review to provide detailed
recommendations on the structure of climate change institutions that may cover not
only the forest sector but also many other carbon emitting sectors. Furthermore, the
particular institutions involved will depend on the climate change negotiations over the
next year. However, a set of institutional functions will need to be considered if forest
emissions abatement activities are to be effective (see Figure 14.1).
For emissions targets to be effective, baselines will need to be agreed, set and reviewed
at regular intervals through international negotiation. National inventories for the forest
sector, including net emissions monitored from deforestation, degradation and ARR, will
need to be developed, maintained and reported. International veriﬁcation procedures
will also need to be negotiated. Finally, several institutional functions will need to be
considered if forest credits are to have access to emissions trading schemes while maintaining the objectives of price stability and incentives for investment in new technology
and technology transfer to developing countries. These include national credit registries; a linking mechanism that can aggregate ﬁnance from carbon markets and other
sources, provide a credit reserve to insure against emissions reductions being reversed;
and perhaps a means of reducing investment risk for forest nations that wish to join the
scheme (see Chapter 11). Some of these functions already exist with sound institutions
in place. Others will need to be created or reformed.
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Figure 14.1: Institutional functions for a transitional forest emissions reduction
system
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14.3 International cooperation to support
capacity building
International action is urgently required to support forest nations in building capacity
and preparing for forest carbon ﬁnance. Substantial capacity building will be needed
in three key areas: research, analysis and knowledge sharing; policy and institutional
reform; and demonstration activities.
International cooperation is urgently required to support capacity building in forest
nations, prior to the introduction of a post-2012 transitional arrangement. In order to
beneﬁt fully from the potentially large ﬂows of ﬁnance that will be available for reducing
forest emissions, many forest nations will need to undertake substantial capacity building
in three key areas:
s research, analysis and knowledge sharing;
s policy and institutional reform;
s demonstration activities.
A more accurate picture of the extent of global deforestation and forest degradation
is urgently needed. Reductions in forest emissions are only as robust as the data upon
which they are based. Many nations have little or no up-to-date data for mapping forest
carbon stocks. A ﬁrst step for forest nations will be robust analysis of national-level rates
of deforestation and degradation along with the country-speciﬁc drivers underpinning
them. Robust measurement of changes in forest cover and land use will need satellite technology, combined with groundwork. An estimated $50 million will be needed
for a sample of 25 forest nations to set up national forest inventories, with a further
$7-17 million needed for annual running costs.
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Many forest nations will want to undertake policy and institutional reforms to create
a good governance environment in which sustainable land and resource management is
both possible and proﬁtable. Estimates for the Review suggest that necessary reforms and
capacity building in 40 forest nations would cost around $4 billion over ﬁve years. The
strategies adopted by different countries for policy and institutional reform will differ
depending on the drivers of deforestation, current land-use and ownership patterns and
political preferences. However, they are likely to share common themes such as addressing
lack of governance; insecure land tenure and land-use planning; and common measures
such as tackling illegal logging, establishing sustainable forest management, promoting
alternative livelihoods and extending protected areas.
It will be important to test approaches for establishing sustainable production methods,
promoting improved livelihoods and enhancing other ecosystem services through pilot
projects or demonstration activities – and apply lessons from them. Demonstration activities should aim to strengthen the national and local governance systems within which
they are embedded. Demonstration projects will also be required to test approaches to
credit transfers for emissions reductions and to build conﬁdence and ensure that mechanisms and institutions are ﬁt for purpose.

14.4 Coordinated international action to deliver
ﬁnance effectively
Climate change and deforestation are global challenges requiring an international
response. This will mean action through broad participation and cooperation.
If deforestation is to be halved by 2020 and the forest sector to become carbon neutral by
2030, a combination of ﬁnance from carbon markets and other funding sources will be
needed. Those sources could include various types of private and public sector ﬁnance,
and the international community will need to agree on the proportion of ﬁnance from
different sources. Part of the additional funding, including ‘pump-priming’ of market
mechanisms, will need to come from bilateral and multilateral public funds. In the short
to medium term, these funds will need to be substantially scaled up before they taper off
as carbon markets increase the availability of capital.
If international public funding is to be effective, it will need to be coordinated. Several
different funds exist or are planned, and there is already potential for overlap and duplication. A range of mechanisms to suit the needs and preferences of recipient countries
will be important, but a proliferation of competing mechanisms should be avoided. To
this end, bilateral funds should be pooled within multilateral mechanisms and distributed according to agreed criteria for participation and prioritisation.
An overarching secretariat should be established to direct funds effectively and ensure
knowledge sharing. However, the design and governance of funds need to be based on
equitable participation by the governments of both developed and developing countries.
Although the World Bank and UN are likely to be the overarching holders of funds from
bilateral and multilateral sources, mechanisms should be ﬂexible enough to allow forest
nations to choose their own delivery partners.
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14.5 Conclusion
A global step change is needed in the way land is used and commodities are produced.
A shift to more sustainable production will be complex and difﬁcult, but not impossible
if the international community acts together effectively.
Climate change is the greatest long-term challenge facing the world. Strong and urgent
international collective action is required. To avoid the worst effects of climate change,
tackling the loss of global forests must be central to a comprehensive framework for
stabilising levels of atmospheric greenhouse gases. With the vast majority of emissions
from deforestation now occurring in the tropics, the role of developing countries will
be crucial. Any policies to reduce deforestation must be led by sovereign forest nations
themselves. In addition, many forest nations will need the support of the international
community at large through the provision of expertise and funding for capacity building
as well as an international framework that pays forest nations for their global services
in reducing forest emissions. Forest nations, international institutions, donors and the
private sector all have a role to play.
This Review has examined the options for an international framework that includes the
forest sector, and concluded that a global carbon trading scheme is best placed to ensure
that emissions from the forest sector are reduced effectively, efﬁciently and equitably.
The transition path towards a long-term goal of global cap and trade will need to meet
the development needs of sovereign nations at different levels of development, particularly the poorest. The most effective transition path is likely to be a national, incentivebased approach with increasing ﬁnance from emissions trading schemes combined with
additional ﬁnance from other sources as carbon markets grow over time.
In the short term, the main objectives should be capacity building and ﬁlling the
funding gap. Over the medium term, four building blocks are key: effective national-level
targets; robust measuring and monitoring of forest emissions; a well-designed system
for linking forest credits to carbon markets and other sources of ﬁnance; and strong
governance. In the long term, the goal should be inclusion of the forest sector within a
comprehensive global cap and trade scheme.
The aim of this Review has been to examine and use the available evidence to recommend a practical framework for reducing forest emissions while providing better livelihoods for forest communities and preserving other ecosystem services. In addition, the
Review has highlighted the need for more work by scientists, economists and ﬁnancial
and development experts to provide a better knowledge base and analysis of the systems
needed to ensure the framework can meet these goals. Areas for urgent research and technical capacity building include more consistent and accurate data on current emissions
from the forest sector at national, regional and global levels, and sharing of knowledge
and expertise in monitoring emissions, including the use of satellite technology and data
management.
The Review has also highlighted the importance of understanding the challenge of
deforestation in the wider economic context of agricultural and timber production. Mitigation to reduce deforestation will be successful only if there is a global step change in
the way land is used and commodities are produced. This will require a substantial policy
shift in three main areas. First, at the international level, we need to place a ﬁnancial
value on forest carbon in a new deal on climate change. Second, at the national level,
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governance reforms are required to shift policy incentives towards sustainable production. And third, demand-side policies in consumer countries – for example, through
preferential procurement of certiﬁed products and increasing consumer awareness – can
provide incentives for forest nations to promote sustainable production.
This shift to sustainable production will be complex and difﬁcult, but not impossible if
the international community acts together effectively. A framework for ﬁnancing reduced
forest emissions will be an essential part of the process, involving the private and public
sectors and civil society. Given the consequences of climate change, and the signiﬁcant
contribution of forest emissions towards it, we cannot afford to delay. Together we must
act swiftly and decisively.
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