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A modular framework for management of
complexity in international forest-carbon policy
Elizabeth A. Law1*, Sebastian Thomas2, Erik Meijaard1,3, Paul J. Dargusch4 and Kerrie A. Wilson1
Complex and variable ecological and social settings make the programme on reducing emissions through avoided deforestation,
forest degradation and other forestry activities in developing countries (REDD+) a challenging policy to design. The total value
to society of each type of REDD+ outcome is dependent on the fundamentally different risk profiles of alternative forest-management approaches and their scope and potential for co-benefits. We suggest a modular policy framework for REDD+ that distinguishes and differentially compensates the distinct outcomes. This could represent an improved framework to promote and
manage incentives for effective forest-carbon initiatives, offer better scope to find common ground in policy negotiations and
allow faster adaptation of policy to an uncertain future.

P

arties to the United Nations Framework Convention on Climate
Change (UNFCCC) now have an agreement to implement
REDD+ (ref. 1). This decision will change finance mechanisms
for environmental protection and monitoring and alter the landscape of opportunity costs for biodiversity conservation and development 2,3. Substantial finance has already been directed or pledged
through both the UNFCCC and parallel REDD+ programmes and
agreements, including project-based demonstration activities run
by non-governmental organizations (for example, the Noel Kempff
Mercado Climate Action Project in Bolivia)4, subnational collaborations such as the Governors’ Climate and Forest Task Force (www.
gcftaskforce.org) and fund-based, intergovernmental agreements
such as the bilateral Indonesia–Norway Forest and Peat Carbon
Agreement 5, the multilateral Oslo Climate and Forest Conference
Interim REDD+ Partnership6, and the Global Environment Facility.
REDD+ might secure the protection of some of the world’s most
biologically diverse areas and provide a framework for holistic policies to address deforestation7. However, such optimism obscures
substantial risks such as the perverse incentive to convert natural
forests to plantations (under the guise of carbon enhancement) and
the displacement rather than abatement of land-conversion activities, particularly to non-forest ecosystems (inter-ecosystem leakage)3,8–10. The challenge for scientists and policy negotiators now is
to guide the implementation of REDD+ so that it maximizes the
benefits of reducing emissions through forest-carbon protection
and enhancement activities, while minimizing the potential negative impacts10 and risk of policy failure11.
REDD+ under the UNFCCC is rapidly developing towards
wide-scale implementation, but it is difficult to anticipate the combined effects on carbon and other co-benefits owing to the disparity between the activities available under the programme, the many
policy options and requirements to address these objectives, and the
diverse contexts in which they may be implemented12. Research on
drivers of deforestation13 clearly indicates REDD+ is a complex venture that will require the support of a large variety of international
and national policies, owing to interdependencies of deforestation
with, for example, agriculture, forestry and economic development.
Despite the varied options for the implementation of REDD+,

compensation will be based on how these achieve a number of
fundamentally different objectives12, from emissions avoidance
through reducing deforestation and degradation of relatively intact
forest, to emissions reduction through modification of forestry
practices, emissions sequestration through carbon enhancement
of forest, and the support of mitigation activities for forest-carbon
emissions with protection of forest areas. The present emphasis is
on performance-based compensation, aggregating forest emissions
mitigation on national scales (Fig. 1, left-hand side).
We are concerned that the inherent complexity of the present
REDD+ mechanism (in terms of the numerous objectives and outcomes) renders it too cumbersome and ‘black box’ to negotiate and
evaluate effectively. This complexity will inhibit the establishment of
effective, equitable and manageable REDD+ schemes, particularly if
emphasis on market incentives remains.
REDD+ discussions have consistently been accompanied by a
strong desire to take this opportunity not only to mitigate emissions, but also to promote social and ecological outcomes2,8,14, or at
least ensure no impingement on human rights, or social or environmental capital. However, experiences in extant carbon markets15,16
suggest that these outcomes need to be regulated or otherwise
incentivized to occur, as the transaction costs involved in ensuring
these social outcomes can act as a disincentive17,18. Present methods are quite regulation heavy and incentive poor. For example, the
Kyoto Protocol Clean Development Mechanism (CDM) attempts to
regulate the production of social benefits through sustainable development directives that are evaluated by the host country 19, as well
as methodological guidelines on how projects should be developed.
Voluntary carbon markets aim to differentiate themselves from the
CDM based on provision of environmental and social co-benefits,
and have a corresponding emphasis on socio-environmental evaluation criteria20. This distinction can provide a positive incentive
akin to certification, but delivery of social or environmental outcomes remains rooted in the regulatory approach21. Following the
precedent of the CDM, the present REDD+ has trended towards a
‘safeguards’ approach20.
Though regulations, methodologies and safeguards provide
reasonable mission objectives, many question the effectiveness in
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Figure 1 | REDD+ conceptual design under present policy (left-hand side) and a proposed modular framework based on separation of REDD+
outcomes (right-hand side). Policy and funding set desired objectives and result in realized outcomes in each category: capacity development;
monitoring of outcomes; 1° REDD; 2° REDD; eSFM; nSFM; eCE; pCE; and conservation of forest areas. Present policy, however, does not provide
adequate scope to distinguish these fundamentally different outcomes when calculating appropriate compensation. Explicit differentiation of
outcome metrics including, for example, the volume of carbon dioxide equivalents (CO2e), risk and other potential metrics, such as biodiversity
indices, between modules allows a better approximation of total economic value, rather than basing compensation on CO2e alone. NGOs,
non-governmental organizations.

practice for both environmental and social outcomes15,16,22. Some
call for stricter assessment and regulation23, yet this still fails to
provide certainty in how these measures can be effectively implemented, monitored, validated or enforced20. There has been little
emphasis on providing a ‘carrot’ for socio-ecological outcomes,
although there are present schemes that provide product differentiation through biodiversity accreditation (for example, the CDM
‘Gold Standard’ or the climate, community and biodiversity (CCB)
standards24,25) or forest certification26, and proposed frameworks
that aim to compensate dually both for biodiversity and carbon14,27.
Other methods could include rent extraction (for example, taxation) of carbon credits to correct market distortions28 or to raise
revenue for redistribution to social or environmental activities, and
preferential pricing of preferred projects (as suggested for CDM29
and the Australian Carbon Farming Initiative30).
The management of risk and uncertainty has received much
attention, as these factors affect the fundamental efficacy of emission reductions. The risk and uncertainty involved in forest-carbon
initiatives can take many forms. First, as forests are spatially variable
and naturally stochastic systems, there is uncertainty in how much
carbon is stored or will be sequestered under any given scenario, and
the time frame involved (including permanence31). Second, there is
156

the lingering uncertainty as to whether we can reliably determine if
mitigated emissions can be considered additional, or whether leakage may occur. Third, there is a risk that severe weather or catastrophic events may result in reduced or negligible carbon emission
reductions. These events may be predictable, avoidable or able to be
managed, such as fire, or may be unavoidable and unexpected, such
as cyclones or emerging pests and disease. Risks and uncertainty are
not limited to physical factors, thus a fourth category of risk may be
that of financial failure of forest-carbon investments, potentially as a
result of changing economic conditions32 or governance, and possibly leading to inadequate support for the continuation of the project
management. Fifth, a lack of societal or community support may
also reduce project effectiveness. Sixth, as outcomes are not limited
to emission reductions, but also extend to environmental and social
co-benefits, there is inherent uncertainty in terms of the value of
these (which, like the forests themselves, may also vary in time and
space)33–36 and certainly a risk that they might not be delivered as
expected33. Finally, there is the uncertainty involved in monitoring
and verification: whether these processes can be accurately accomplished, or if they can be politically subverted.
Proposals for methods to reduce the risk and uncertainty in
forest-carbon initiatives have been varied. One of the simplest
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Table 1 | The five activities proposed for UNFCCC REDD+ differ in concept, permanence and risk, and should be distinguished in
accordance with our modular policy approach.
UNFCCC activity

Concept of emissions
mitigation

Permanence of main emissions
mitigation (intentional)

Risk of unintentional carbon loss Proposed module(s) based
(aside from leakage)
on outcomes

Reduced deforestation
Avoided emissions (also
and degradation of forests net sequestration60,
particularly in secondary
forests).

Permanent avoidance.

Relatively resilient in primary
forests, but increased risk at least
initially in secondary forests43,45.

Sustainable forest
management

Reduced emissions.

Permanent reduction, but ongoing Greater risk owing to higher
release of emissions owing to
levels of human activity and
timber extraction.
disturbance43, and uncertainty
regarding the economic viability
of ecologically sustainable forest
management.

eSFM
nSFM

Forest-carbon
enhancement

Emission sequestration.

Relatively permanent if forest
conserved, but temporary if
subsequently harvested.

Greater risk as a new ecosystem
(sensu61), particularly if a
monoculture plantation. Risk
of carbon loss from ecological
restoration may decrease over
time.

eCE
pCE

Forest conservation

Supporting forest-carbon
emissions mitigation
activities (also potential
for some ongoing
sequestration60).

NA

Assuming conservation is within
least disturbed areas, relatively
resilient43,45.

Conservation of forest
areas; management
with the primary aim of
biodiversity and cultural
preservation.

Capacity building and
ongoing monitoring

Supporting forest-carbon
emissions mitigation
activities.

NA

NA

Capacity building.
Monitoring of outcomes.

1° REDD
2° REDD

Each UNFCCC REDD+ activity is designed to stimulate certain policy outcomes. It therefore comprises distinct concepts of carbon-emissions mitigation, including different scales of permanence and risk: they will
vary in terms of volume and value of carbon, and total socio-ecological value. Hence, we propose international carbon-policy works towards a modular framework based on policy outcomes. NA, not applicable.

possibilities is to avoid the issue. For example, the CDM largely
excludes potential forest-carbon activities because of these
complex issues37,38. Where forest carbon was included in the
CDM, strong restrictions and limitations on methodology were
employed as an attempt to minimize the uncertainty involved39,40.
REDD+, however, does not have the luxury of using this approach.
Although much improvement in the measuring and estimation of
carbon in forests has been made, stochasticity necessitates more
direct mechanisms to manage risk and account for uncertainty in
emissions abatement. Often this has involved proposals to provide compensation at the lower end of the expected value, with or
without the creation of an insurance pool or buffer of mitigated
emissions. Insurance could also be financial, used to purchase
extra carbon credits in times of poor performance41, and it may
be voluntary or independent from carbon trading, or required and
funded through a levy or tax on carbon credits. Important considerations involved in risk management include how the scheme
can address the different types of risk, who bears the liability and
financial costs of the risks, and how it may perversely affect the
attractiveness of different project types. For example, restrictions
placed on the forest-carbon sector in the CDM have been identified as a large contributor to the poor uptake of afforestation/
reforestation projects40,41.
In this Perspective, we suggest REDD+ policy works towards
a modular framework in which compensation given to participating host parties is calculated based on a function of their
performance in individual modules distinguished by specific outcomes (Fig. 1, right-hand side). We recommend that the modules
should be structured around the outcomes of: (1) reduced deforestation and degradation in relatively undisturbed primary forest

(1° REDD); (2) reduced deforestation and degradation in modified and degraded secondary forest (2° REDD); (3) sustainable
forest management (SFM) in existing forestry areas (eSFM); (4)
SFM in new forestry areas (those not previously used for forestry
activities; nSFM); (5) carbon enhancement through ecological restoration (eCE); (6) carbon enhancement in plantations (pCE); and
(7) conservation of forest areas (for example, though exclusion
of forestry). Owing to leakage potential (in which emissions are
displaced rather than mitigated), accounting and compensation
based on overall performance on national scales will be required.
However, as improvements are made in performance monitoring,
policy evaluation and estimation of total economic value (comprising both economic and non-monetary social and environmental values), modules could become increasingly independent and
even potentially develop towards different incentive mechanisms.
This categorical modularity based on outcomes would complement the existing hierarchical or nested institutions already embedded in climate mitigation policy in response to numerous scales of
governance. The categorization based on outcomes can be seen as
both similar and complementary to the three-fund approach (in
which finance is directed through streams based on actors: government, forest-dependent people and private land stewards)42, as well
as the wildlife-premium concept (in which further value, and thus
payment, is attached to areas high in particular biodiversity features)27. We believe a modular framework based on outcomes provides many desirable attributes for new forest-carbon policy. These
include: a default differentiation of concepts and risks through separated submechanisms; an improved ability to capture non-monetary values through defined additional metrics; and the potential for
adaptation to change.
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Differentiation of concepts, risks and opportunities. Investments
and returns are valued in economics with respect to their nature,
the time that they are expected to occur (discounting for time
preferences) and accounting for risk and uncertainty. Under a
modular REDD+, outcomes would be differentiated as each module engenders fundamentally different concepts of emissions abatement, different concepts and applications of additionality, and
involves different scales of volume, permanence and risk of unintentional carbon loss (Table 1)3,9,43. Thus, documented differences in the
biodiversity 34,44, carbon dynamics and resilience of primary or least
disturbed forests36,43,45,46 should be reflected in a higher value placed
on emissions mitigation in these areas compared with, for example,
mitigation in plantations. Under the proposed modular framework,
REDD+ outcomes would be measured through the use of numerous
metrics, including the volume of avoided carbon emissions derived,
the risk and other relevant parameters such as an index of biodiversity value (Fig. 1, right-hand side). This would transform the crude
measure of static carbon value into one of aggregate risk-adjusted
socio-ecological benefit — a value more reflective of total economic
value. Targets, limits and safeguards could be set for each module to
allow for a more specific and controlled result than that achievable
under an unspecified programme of activities.
The specific opportunities of each policy objective for REDD+
can be managed more directly under a modular approach.
Modularity could enable a greater variety of agents to manage and
implement actions, providing valuable scope both for centralized
and decentralized activities11. In particular, there could be the option
for some sectors to work towards separate finance mechanisms, at
least on national scales under which leakage can still be managed
through national accounting. Market-linked options might be suitable for activities such as SFM, where alternative revenue streams
support operations and entrepreneurs have scope for innovation.
Alternatively, fund-based sources may be more appropriate for lesscharismatic, larger-scale or lower-(carbon)-return objectives such
as capacity building (as is occurring at present), ongoing national
monitoring and protected-area conservation. Integrating market
capacity into UNFCCC REDD+ design is important to consider: it
is clear that markets are an available policy option in REDD+ host
countries at present and international REDD+ markets are possible in the future12. The present emphasis on performance-based
compensation is arguably necessary to deliver quantifiable results;
however, it still captures some of the perverse incentives that a market mechanism may entail (for example, the direction of investment
to activities of high financial return, but not necessarily high cobenefits, including subsidization of extractive activities) and does
not capitalize on possible benefits (for example, the provision of
private finance).
Modularity would also allow specific issues, such as peatland
management, to be distinguished from other mechanism components. Peat swamps and mangroves store and sequester significant
amounts of carbon47,48 and exhibit considerably different volumes,
permanence and risk profiles than comparable (dryland) terrestrial
areas38. As demonstrated by peat fires in Borneo, these areas can
also be significant sources of emissions49. They provide many other
clearly demonstrable ecosystem services, such as flood, drought and
storm-damage mitigation, food provision (for example, nurseries for
fish) and water purification and are considered highly valuable in
terms of species biodiversity 50,51. While not always having the highest
site-level species biodiversity in a regional context52, these areas may
be important when considering complementarity in biodiversity
conservation. The importance, influence and strong regional nature
of these benefits (and impacts of degradation) suggest that restoration and conservation of these areas would make optimal nationally
appropriate mitigation actions. In any case, the risk of price distortion is undesirable in an undifferentiated carbon market 52, as is the
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potential to focus on peatland systems at the expense of other areas
highly valuable for co-benefits52.

Capturing non-monetary values. Differentiated modules would
promote competition between forest-carbon mitigation options,
which could reduce information asymmetries33 and create conditions better suited to capture values (for example, co-benefits) that
are otherwise invisible in markets. Individual modules would benefit from advertising their own values and co-benefits (and possibly
also the risks of others). Such promotion of co-benefits is a more
positive approach to the mitigation of climate change53 and reduces
the emphasis on forest conservation for carbon alone11. Product
differentiation allows the liberation of consumer choice, encourages users to be informed33 and is a fundamental requirement to
facilitate demand-side management. Information, a key criterion
of the theoretical perfect market, allows demand to set prices for
otherwise invisible values, as demonstrated by the higher preference towards forest-carbon projects54 and the popularity of projects
certified under the CCB standard in the voluntary carbon market 24. Under the CDM there is little encouragement for buyers to
be informed regarding the environmental and social credentials of
the emission-offset units, beyond their own moral drive or publicity requirements. Scandals such as the HFC-23 loophole55 can have
significant price-distortion impacts and tarnish the reputation of
the entire mechanism. Optional certification, for example the CDM
‘Gold Standard’, theoretically provides some information transfer, and trades at higher prices. However, the low adoption rates25
imply that it is being treated as a luxury good, rather than providing adequate (default) differentiation. The voluntary carbon market shows similar symptoms: it is fairly small, at less than 1% of the
regulatory market, and the value of the market is rather sensitive to
external economic conditions (decreasing by almost 50% from 2008
to 2009)24.
Adaptation to uncertain futures. A modular system may be
more robust, flexible and amenable to modification given an
uncertain future. Modularity encourages participation by many
agents and many levels of governance and coordination that may
prove more resilient to unexpected perturbations56. There will
always be unknown unknowns, particularly in the design of an
unprecedented policy and in the face of global change. To think
we can design a perfect policy in response to this is overconfident 57. The ability to separately modify incentives for different
outcomes is valuable: until we develop techniques to accurately
measure the total social value of different REDD+ outcomes it is
unlikely that we will be able to incentivize the socially optimal
distribution of investment and effort under an undifferentiated
programme. Furthermore, social values of outcomes may change
over time.
An adaptive regulatory policy is an essential, but relatively unexplored, aspect of REDD+ design12. Policies can be adaptive in terms
of both proactively encouraging experimentation (providing a
structure for hypotheses testing) and having the flexibility for rapid
modification given changes in the knowledge environment (being
robust to a range of future scenarios)58. The institutional and political reform required to implement an international forest-carbon
policy is uncertain, complex and challenging, but most importantly
variable across different sectors and situations11. This is clearly
shown by the long and protracted negotiations and the plethora of
pilot projects. Many problems can be anticipated as potential, but
until we test a new approach we are unlikely to be able to determine which of these problems are most important and discover
unanticipated issues. Under an outcome-based modular REDD+
design each module could have the capacity for modification, for
example, through caps, premiums or other incentives to encourage
or discourage activity in the sector. These could be negotiated more
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rapidly under a modular policy owing to the reduced stakeholder
complexity and scope for conflicting interests.

Managing leakage. Avoiding leakage, a situation where emissions
are displaced rather than mitigated, has been a key challenge in the
design of REDD+ (ref. 59). Leakage can be spatial and temporal, and
can cross both administrative and sectoral boundaries59. We argue
that some amount of leakage is inevitable: it is an integral component of economic adjustment to a possibly significantly altered
policy and economic environment. Therefore, attention should be
focussed on identifying and managing leakage rather than avoidance per se. Present REDD+ policy addresses leakage through the
use of national accounting and compensation. Yet only weak regulations, in the form of safeguards, are in place at present to reduce
perverse cross-sectoral leakage: emissions displacement from areas
of low to high total economic value, for example, transitions from
sustainably managed forests to monoculture plantations. This is
effectively a ‘black box’ approach to managing leakage, where the
true effects of REDD+ are hidden in the aggregated outcome (Fig. 1,
left-hand side). Working towards a modular REDD+ could more
directly and transparently monitor leakage by clearly separating
performance in the different sectors, and expands opportunities to
manage leakage by incentive, as well as regulation.

Towards successful REDD+ policy

For REDD+ to be successful it will need to satisfy the policy objectives of environmental effectiveness, economic efficiency, equitable distribution of benefits and costs between stakeholders, and
be politically feasible. REDD+ will require effective, long-term
policy actions. However, REDD+ policy is unavoidably complex, involving disparate concepts, uncertainties and stakeholders. Working towards the development and implementation of
forest-carbon policy through a modular framework based on outcomes capitalizes on the benefits offered by a competitive market
while addressing the fundamental differences between strategic
policy initiatives. In this Perspective we have described a modular REDD+ that could provide an improved framework to deliver
mitigation, encouraging more accurate and complete economic
and social valuation of activities, while still retaining flexibility to
adapt to new information, experience and changing conditions.
This is a new policy proposal and as such will require further
study to quantify the potential benefits and costs. It is, however,
an approach that we believe deserves further attention in international forest-carbon policy, if only to cast the spotlight on the
present ‘black box’ of forest-carbon accounting, and to increase
the incentives for activities that are likely to contribute positively
to total economic value, rather than degrade it.

References

1. UNFCCC Outcome of the Work of the Ad Hoc Working Group on Long-term
Cooperative Action under the Convention Draft Decision -/CP.16 (2010); available
at http://unfccc.int/files/meetings/cop_16/application/pdf/cop16_lca.pdf.
2. Venter, O. et al. Carbon payments as a safeguard for threatened tropical
mammals. Conserv. Lett. 2, 123–129 (2009).
3. Stickler, C. M. et al. The potential ecological costs and cobenefits of REDD: A
critical review and case study from the Amazon region. Glob. Change Biol.
15, 2803–2824 (2009).
4. Asquith, N. M., Vargas Ríos, M. T. & Smith, J. Can forest-protection carbon
projects improve rural livelihoods? Analysis of the Noel Kempff Mercado
climate action project, Bolivia. Mitig. Adapt. Strat. Glob. Change
7, 323–337 (2002).
5. Clements, G. R. et al. Cautious optimism over Norway–Indonesia REDD Pact.
Conserv. Biol. 24, 1437–1438 (2010).
6. Oslo Climate and Forest Conference Interim REDD+ Partnership Document as
Adopted 27th May 2010 at the Oslo Climate and Forest Conference (OCFC, 2010).
7. Kaimowitz, D. The prospects for reduced emissions from deforestation and
degradation (REDD) in mesoamerica. Int. For. Rev. 10, 485–495 (2008).
8. Harvey, C. A., Dickson, B. & Kormos, C. Opportunities for achieving
biodiversity conservation through REDD. Conserv. Lett. 3, 53–61 (2010).

9. Pistorius, T., Schmitt, C. B., Benick, D. & Entenmann, S. Greening REDD+:
Challenges and Opportunities for Forest Biodiversity Conservation Policy Paper
(Univ. Freiberg, 2010).
10. Dickson, B., Dunning, E., Killen, S., Miles, L. & Pettorelli, N. Carbon Markets
and Forest Conservation: A Review of the Environmental Benefits of REDD
Mechanisms (UNEP World Conservation Monitoring Centre, 2009).
11. Clements, T. Reduced expectations: the political and institutional challenges of
REDD+. Oryx 44, 309–310 (2010).
12. Corbera, E. & Schroeder, H. Governing and implementing REDD+. Environ.
Sci. Policy 14, 89–99 (2010).
13. Lambin, E. F., Geist, H. J. & Lepers, E. Dynamics of land-use and land-cover
change in tropical regions. Annu. Rev. Environ. Resour. 28, 205–241 (2003).
14. Bekessy, S. A. & Wintle, B. A. Using carbon investment to grow the biodiversity
bank. Conserv. Biol. 22, 510–513 (2008).
15. Boyd, E. et al. Reforming the CDM for sustainable development: Lessons
learned and policy futures. Environ. Sci. Policy 12, 820–831 (2009).
16. Olsen, K. The Clean Development Mechanism’s contribution to sustainable
development: A review of the literature. Climatic Change 84, 59–73 (2007).
17. Andersson, K. & Gibson, C. C. Decentralized governance and environmental
change: Local institutional moderation of deforestation in Bolivia. J. Policy
Anal. Manag. 26, 99–123 (2007).
18. Kaimowitz, D. Forestry assistance and tropical deforestation: Why the public
doesn’t get what it pays for. Int. For. Rev. 2, 225–231 (2000).
19. UNFCCC The Marrakesh Accords: Report of the Conference of the Parties on its
seventh session, held at Marrakesh from 29 October to 10 November 2001 FCCC/
CP/2001/13/Add.1. (UNFCCC, 2001).
20. Moss, N. & Nussbaum, R. A Review of the Three REDD+ Safeguard Initiatives
(UN-REDD Programme and the Forest Carbon Partnership Facility, 2011).
21. Meijaard, E. et al. Report on Barriers and Constraints to Ecosystem Services
Certification Occasional Paper 66, (CIFOR, 2011).
22. Sovacool, B. K. The policy challenges of tradable credits: A critical review of
eight markets. Energ. Policy 39, 575–585 (2011).
23. Olsen, K. H. & Fenhann, J. Sustainable development benefits of Clean
Development Mechanism projects: A new methodology for sustainability
assessment based on text analysis of the project design documents submitted
for validation. Energ. Policy 36, 2819–2830 (2008).
24. Hamilton, K., Sjardin, M., Peters-Stanley, M. & Marcello, T. Building Bridges:
State of the Voluntary Carbon Markets 2010 (Ecosystem Marketplace and
Bloomberg New Energy Finance, 2010).
25. Nussbaumer, P. On the contribution of labelled certified emission reductions to
sustainable development: A multi-criteria evaluation of CDM projects. Energ.
Policy 37, 91–101 (2009).
26. Auld, G., Gulbrandsen, L. H. & McDermott, C. L. Certification schemes and the
impacts on forests and forestry. Annu. Rev. Environ. Resour. 33, 187–211 (2008).
27. Dinerstein, E., Varma, K., Wikramanayake, E. & Lumpkin, S. Wildlife Premium
Market +REDD (Concept document floated at CBD COP 10, Nagaoya,
October 2010).
28. Xuemei, L. Rent extraction with a type-by-type scheme: An instrument to
incorporate sustainable development into the CDM. Energ. Policy
36, 1873–1878 (2008).
29. Francois, M. & Hamaide, B. Certified emission reductions weights for
improved CDM projects. Environ. Policy Governance 21, 31–41 (2011).
30. Carbon Credits (Carbon Farming Initiative) Act 2011 (Australian
Government, 2011).
31. Marland, G., Fruit, K. & Sedjo, R. Accounting for sequestered carbon: the
question of permanence. Environ. Sci. Policy 4, 259–268 (2001).
32. Chan, M. Lessons learned from the financial crisis: Designing carbon markets
for environmental effectiveness and financial stability. CCLR 3, 152–160 (2009).
33. Pattanayak, S. K., Wunder, S. & Ferraro, P. J. Show me the money: Do payments
supply environmental services in developing countries? Rev. Environ. Econ.
Policy 4, 254–274 (2010).
34. Barlow, J. et al. Quantifying the biodiversity value of tropical primary, secondary,
and plantation forests. Proc. Natl Acad. Sci. USA 104, 18555–18560 (2007).
35. Dent, D. H. Defining the conservation value of secondary tropical forests.
Anim. Conserv. 13, 14–15 (2010).
36. Berry, N. J. et al. The high value of logged tropical forests: Lessons from
northern Borneo. Biodivers. Conserv. 19, 985–997 (2010).
37. Martina, J. The role of forestry projects in the clean development mechanism.
Environ. Sci. Policy 8, 87–104 (2005).
38. Schlamadinger, B. et al. A synopsis of land use, land-use change and forestry
(LULUCF) under the Kyoto Protocol and Marrakech Accords. Environ. Sci.
Policy 10, 271–282 (2007).
39. Lederer, M. From CDM to REDD+ — what do we know for setting up effective
and legitimate carbon governance? Ecol. Econ. 70, 1900–1907 (2011).
40. Thomas, S., Dargusch, P., Harrison, S. & Herbohn, J. Why are there so few
afforestation and reforestation clean development mechanism projects? Land
Use Policy 27, 880–887 (2010).

NATURE CLIMATE CHANGE | VOL 2 | MARCH 2012 | www.nature.com/natureclimatechange

© 2012 Macmillan Publishers Limited. All rights reserved

159

PERSPECTIVE

NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE1376

41. Neeff, T. & Ascui, F. Lessons from carbon markets for designing an effective
REDD architecture. Clim. Policy 9, 306–315 (2009).
42. Johns, T. et al. A three-fund approach to incorporating government, public and
private forest stewards into a REDD funding mechanism. Int. For. Rev.
10, 458–464 (2008).
43. Lindenmayer, D. B., Hunter, M. L., Burton, P. J. & Gibbons, P. Effects of logging
on fire regimes in moist forests. Conserv. Lett. 2, 271–277 (2009).
44. Gibson, L. et al. Primary forests are irreplaceable for sustaining tropical
biodiversity. Nature 478, 378–381 (2011).
45. Laurance, W. F. Forest–climate interactions in fragmented tropical landscapes.
Phil. Trans. R. Soc. Lond. B 359, 345–352 (2004).
46. Kauffman, J. B., Hughes, R. F. & Heider, C. Carbon pool and biomass dynamics
associated with deforestation, land use, and agricultural abandonment in the
neotropics. Ecol. Appl. 19, 1211–1222 (2009).
47. Dixon, R. K. et al. Carbon pools and flux of global forest ecosystems. Science
263, 185–190 (1994).
48. Chmura, G. L., Anisfeld, S. C., Cahoon, D. R. & Lynch, J. C. Global carbon
sequestration in tidal, saline wetland soils. Glob. Biogeochem. Cycles
17, 1111–1123 (2003).
49. Page, S. E. et al. The amount of carbon released from peat and forest fires in
Indonesia during 1997. Nature 420, 61–65 (2002).
50. Ronnback, P. The ecological basis for economic value of seafood production
supported by mangrove ecosystems. Ecol. Econ. 29, 235–252 (1999).
51. Keddy, P. A. Wetland Ecology: Principles and Conservation (Cambridge Univ.
Press, 2010).
52. Paoli, G. et al. Biodiversity conservation in the REDD. Carbon Bal. Manage.
5, 7–16 (2010).

160

53. Prins, G. et al. The Hartwell Paper: A New Direction for Climate Policy after the
Crash of 2009 (Institute for Science, Innovation & Society, University of Oxford;
LSE Mackinder Programme, London School of Economics and Political
Science, 2010).
54. Guidon, P. Voluntary Carbon Markets: How Can They Serve Climate Change
Policies OECD Environment Working Paper 19 (OECD, 2010).
55. Wara, M. Is the global carbon market working? Nature 445, 595–596 (2007).
56. Ostrom, E. A Polycentric Approach for Coping with Climate Change (World
Bank, 2009).
57. McGrath, C. Does Environmental Law Work? How to Evaluate the Effectiveness
of an Environmental Legal System (Lambert Academic, 2010).
58. Walker, W. E., Rahman, S. A. & Cave, J. Adaptive policies, policy analysis, and
policy-making. Eur. J. Oper. Res. 128, 282–289 (2001).
59. Wunder, S. Moving Ahead with REDD+: Issues, Options, and Implications Ch. 7
(Centre for International Forestry Research, 2008).
60. Luyssaert, S. et al. Old-growth forests as global carbon sinks. Nature
455, 213–215 (2008).
61. Hobbs, R. J. et al. Novel ecosystems: Theoretical and management aspects of the
new ecological world order. Glob. Ecol. Biogeogr. 15, 1–7 (2006).

Acknowledgements

The opinions expressed here are those of the authors and do not necessarily represent
those of their respective institutions. We thank L. Hovani for providing critical review
and A. Riedel for graphic design.

Additional information

The authors declare no competing financial interests.

NATURE CLIMATE CHANGE | VOL 2 | MARCH 2012 | www.nature.com/natureclimatechange

© 2012 Macmillan Publishers Limited. All rights reserved

