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Opinion
Glossary

Biodiversity banking and offsets: a financial scheme designed to compensate

forest owners with biodiversity credits for maintaining forests and

biodiversity on their lands; these credits can be sold to developers to

offset the impacts of biodiversity on lands elsewhere as a result of

development.

Carbon capture and storage: a technology-based means of reducing fossil fuel

carbon emissions by sequestering carbon dioxide from point sources (e.g.

power plants) and storing it to prevent its release into the atmosphere.

Coalition for Rainforest Nations: an international consortium of developing

nations established to foster collaboration both among themselves and with

developed nations to reconcile forest stewardship with economic develop-

ment.

Google Earth: a freely accessible, virtual geographic information program that

maps the Earth by superimposition of satellite images obtained from various

sources.

Kyoto Protocol: a protocol of the United Nations Framework Convention on

Climate Change (UNFCCC), aimed at mitigating dangerous climate change.

Leakage: the displacement of deforestation or forest degradation from

protected sites to other locations such that the net benefit of protection is

reduced.

Life cycle assessment: a comprehensive evaluation of the full range of

environmental and social impacts of a given product or service throughout

its life cycle including raw material production, manufacture, distribution, use

and disposal, and all intervening transportation steps.

Market chain analysis: an analytical framework that seeks to obtain a

comprehensive accounting of actors, activities, costs and benefits associated

with the flow of a particular product and associated services from producers

through to targeted consumers.

Opportunity cost: relating to a specific course of action: the potential benefit

that would have been gained by taking an alternative and foregone action.

Payment for Environmental Services (PES): a transaction in which a service

provider is (financially) rewarded for maintaining service provision.

Permanence: the degree to which confidence can be attributed to a REDD or

other emissions reduction programme such that carbon is indeed stored and

not subsequently released through forest clearance or degradation.

REDD: Reducing Emissions from Deforestation and forest Degradation: one

form of payment for environmental service where carbon storage value of

forests threatened by degradation or clearance is financially recognized

through payments to forest owners (usually, but not exclusively, nation states)

to conserve the forest.

REDD+: a REDD scheme that explicitly recognizes conservation, sustainable

management of forests and enhancement of forest carbon stocks through

restoration activities.

REDD refugees: forest users dislocated from their lands owing to the curbing of

financially unrewarding activities, including small-scale agriculture and fuel-

wood harvesting, under a REDD scheme.

Remote sensing: the acquisition of information, such as an image, of an object

or locality using aircraft, spacecraft or satellite technology.

Watershed management: the development and implementation of plans to

sustain and enhance ecosystem functions, including water supply, quality and
Reducing Emissions from Deforestation (REDD) aims to
curb carbon emissions from deforestation by financially
compensating forest owners. However, compensation
based on the opportunity costs of REDD might under-
estimate true costs by failing to account for downstream
economic values of current land uses, including employ-
ment and wealth generated by processing and service
industries. A comprehensive analysis of REDD impacts
should also include sociopolitical impacts. REDD might
exclude people from forest land, causing demographic
shifts, and the declining tax revenues from commodity
production and associated industries might be a disin-
centive to government investment in forested regions to
the detriment of forest communities and regional de-
velopment. We argue for the need to recognize and
appropriately compensate the full range of economic,
social and political net costs of REDD.

Reducing Emissions from Deforestation and

Degradation (REDD)

Tropical deforestation and forest degradation represent
the second largest source of global greenhouse gas emis-
sions, accounting for 12–20% of anthropogenic carbon
emissions [1,2]. Reducing Emissions from Deforestation
and forest Degradation (REDD) is a mechanism that aims
to reduce carbon emissions from deforestation by providing
financial incentives to conserve rather than exploit forests
[3,4]. Reducing emissions by avoiding deforestation was
excluded from the Kyoto Protocol owing to both political
and technical obstacles [5,6], but the concept of a REDD
mechanism was promoted at the Conference of the Parties
(COP) of the UN Framework Convention on Climate
Change (UNFCCC) in Montreal in 2005 by the Coalition
for Rainforest Nations. The proposal was that developed
nations compensate developing countries for lost income
opportunities associated with reducing deforestation rates
relative to a historical baseline. The carbon credits thus
generated from emissions savings in developing nations
could be purchased and used by developed nations to meet
their emissions reduction targets. REDDwas a key agenda
item discussed during the December 2009 COP meeting in
Copenhagen. The resulting ‘CopenhagenAccord’, signed by
the United States, China, India, Brazil and South Africa,
recognized natural forest protection (and specifically
REDD+ which additionally recognizes reforestation and
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sustainable management of forests) as key to reducing
global carbon emissions (http://unfccc.int/resource/docs/
2009/cop15/eng/l07.pdf). The accord did not, however,
specify binding emission reduction targets, and details
drainage, within a watershed boundary.
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Box 1. Key challenges facing REDD implementation

REDD challenge Description Key reference

Ethical dilemma REDD allows rich nations or corporations to ‘absolve their sins’ of carbon emissions through carbon

offsetting with REDD credits. Some opponents of REDD argue that this would create disincentives

for genuine efforts to reduce emissions or develop cleaner technologies.

[21]

Additionality A key criterion for valuing carbon stocks for a REDD project is ‘additionality’ – the net emissions

savings calculated using a baseline deforestation and carbon emission rates. Establishing the baseline

deforestation rate is technically challenging. It might also be prone to political meddling that can

inadvertently lead to environmentally damaging land-use policies 33 . Furthermore, the criterion of

additionality may also castigate countries that have maintained their forests prior to the establishment

of baseline dates. Not only have they paid the opportunity cost of not using their lands, but they may

have fewer opportunities to access REDD payments.

[3,6]

System leakages The avoidance of deforestation in one area can displace it to another area. Such ‘leakages’ can be

difficult to quantify. Unless there is coordination among REDD and other conservation strategies, forest

clearing and degradation activities can still occur in areas not under REDD protection.

[6,7]

Permanence It may be difficult to ensure the permanence of carbon storage after the REDD project period has

ended or even within the project period. Forests and carbon stocks could be lost or degraded through

human activities and also from natural events such as drought causing tree die-offs, or natural fires

burning huge tracts of forests.

[3,6]

National

sovereignty and

native land rights

Participation in REDD schemes imposes long-term constraints on land use that can be construed as an

infringement of a nation’s sovereign right to manage the land according to its needs. To allay fears of

compromising future development options and national sovereignty, some have suggested a carbon

rental option as a temporary measure, whereby developed nations rent carbon credits from developing

countries. Similarly, there is concern about the future rights of indigenous communities to access or use

resources from forests protected under REDD, for traditional subsistence needs or other livelihood

purposes, although the latest draft text of REDD offers better prospects in protecting the rights of

indigenous peoples.

[6,12]

Equity REDD rhetoric emphasizes the equitable distribution of REDD benefits, with particular recognition of

the needs of the rural poor, yet arrangements and mechanisms remain unclear. Notions of equity

within REDD policy proposals are often inconsistent. Prevailing ideas focus on market-based

benefit distribution, which is less likely to serve the interests of poor and indigenous peoples.

[14]

Crashing

carbon market

Finally, there are concerns by some environmental groups that allowing large volumes of REDD credits

to be traded in the compliance market would drive carbon prices down and crash the market.

[41]
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on implementation and governance of a REDDmechanism
remain scant.

These details need thought, not least because a REDD
mechanismwould bind protagonists to long-term decisions
whichmight have economic and social implications extend-
ing far beyond the areas and people directly concerned.
REDD faces several technical, social, economic, ethical and
governance challenges (Box 1). Some technical challenges
are already well recognized and are being negotiated and
resolved. Leakage, for example, is the displacement of
environmentally destructive activities to other locations
such that the net benefit in emissions reductions is lower
than planned under REDD [7]. Current estimates of leak-
age in forest carbon projects range from 10% to over 90%
[8]. National-level carbon and forest accounting, as
advanced by the Copenhagen Accord, would effectively
neutralize the net effects of leakage within national bound-
aries, but cannot account for cross-border leakage [6]. The
accurate quantification of carbon stocks retained in forests
and the carbon dioxide emissions avoided through REDD
designation, is another technical challenge, albeit one that
is likely to be resolved given rapid advances in remote
sensing systems [9].

Social, economic and political challenges are more diffi-
cult to define or conceptualize. For example, it is not
obvious that projected REDD values are economically
competitive when compared to alternative agricultural
land uses [10,11]. There is a need to fully recognize and
compensate foregone livelihood opportunities of forest-
based communities in REDD-affected areas [12], but in
addition, forest-degrading activities support the liveli-
hoods of many other people who might be far removed
from the forest. Thus, opportunity costs of REDD are based
on the financial returns of exploitative land uses [10,11,13],
but the wider economic benefits these land uses accrue
through the support of processing, marketing and service
industries are usually not considered. Indeed, while
Coalition of Rainforest Nations documents repeatedly
refer to ‘equitable distribution’ of benefits from REDD,
there is little description of how they will actually be
distributed and to whom [14]. We emphasize here that
the wider social and economic benefits and beneficiaries of
the land uses that REDD seeks to replace need to be
recognized and addressed in the course of negotiating
and implementing REDD, to ensure the long-term viability
of the mechanism and hence permanence of the forest
stock.

Before continuing, we must emphasize that we support
REDD as a mechanism that could both mitigate green-
house gas emissions and conserve forests, and we are keen
to see an effective REDD mechanism adopted widely for
the benefit of the climate and biodiversity. However, we
plead for more realism about the knock-on effects that
might result and the potential inequitable distribution
of costs and benefits. We hope to raise awareness about
these effects and in so doing strengthen the REDD mech-
anism and its implementation. We recognize that many
benefits might be secured by forest protection through
397
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REDD, including not only carbon sequestration and sto-
rage, but also conservation of biodiversity [6], provision of a
range of ecosystem services, and ‘pro-poor’ development
[15]. However, we believe several costs associated with
REDD have not yet been adequately recognized or
addressed. We discuss these costs in this article in the
hope that this will stimulate work towards the develop-
ment of a truly effective and widely acceptable REDD
mechanism.

A comprehensive trade-off analysis
We argue that alongside the negotiation and implementa-
tion of REDD, a comprehensive analysis of its implications
and consequences is needed to show land owners and
decisionmakers where, to what degree and in what context
REDD could be appropriately adopted. This needs to go
beyond the analysis of financial compensation for forfeiture
of conventional land use activities to incorporate indirect
and less tangible costs and benefits associated with REDD
and REDD+. We conjecture that the success of these
schemes will depend on their ability to achieve appropriate
compensation that encompasses the full range of economic,
social and political implications of avoiding deforestation.
Thesemust be realistically and transparently assessed lest
REDD mechanisms are rendered theoretically attractive
but practically unrealistic. Such effort towards the devel-
opment of a comprehensive trade-off analysis will require
Table 1. Examples of indirect and less tangible economic and politi
business-as-usual option of commodity production

Type of cost/benefit REDD

Economic Stable income, guaranteed payments

Less adaptable to supply and demand (carbon

fluctuation and emergence of new technologie

render REDD obsolete)

Limited opportunities for downstream industri

although new opportunities created (e.g. ecoto

Limited potential for job creation

Restricts development and infrastructure

Subject to inflation

Limited potential for growth of service industr

Limited potential for economic growth

Little potential to respond to technical innovat

Economic/

Political-Social

Ecosystem services options retained

Risk of ecosystem disservices (e.g. human–wil

conflicts)

Reduced tax income

Risk of government investments being diverte

elsewhere

Dependent on external financing

Constrains future livelihood options

Political and Social Encourages migration to cities

Restricts urban-to-rural migration

Dissociates agricultural societies from land

Retains forest peoples’ cultural values

Tenure/ownership processes clarified (unclear

implications)

‘Colonialist’ concerns regarding restricted

development pathways

Political–economic ties altered (unclear implica

Transboundary issues related to deforestation

are alleviated
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the collaborative participation of ecologists, economists,
and social and political scientists, and is likely to unfold
over several years following the early implementation of
REDD programmes.

Indirect economic costs

A variety of indirect economic, social and political impacts
potentially exist (Table 1). Obvious examples include the
loss of employment and revenue generation from raw
material processing and other value-adding downstream
industries (Figure 1). A downscaling of these industries
could in turn limit the growth of a service industry, the
consequences of which could further constrain opportu-
nities for regional economic growth. It would also reduce
tax revenues. In consequence, governments may be less
inclined to invest in such regions, particularly if REDD
requires long-term contractual agreements that tie land to
forest cover. Reduced investment might be manifested as
poor infrastructure and telecommunications, limitedmobi-
lity and market access, lower quality public services such
as education and health, less reliable energy and water
provision, and reduced access to credit. Such chronic
underdevelopment would impact on populations at local
and regional scales. There are some signs that these issues
are beginning to be recognized. The Coalition for Rain-
forest Nations is advocating that REDD funds be allocated
to development outside the forest sector, and one of these
cal-social implications of REDD implementation compared to a

Commodity production

Risk-associated variable income streams

market

s that

Adaptable to supply and demand

es,

urism)

Many opportunities for downstream processing and

service industries

Modest to large potential for job creation

Development and infrastructure investments enhanced

Less sensitive to inflation

y Large potential for service industry growth

Economic growth promoted

ions Possibility to benefit from technological innovations in

commodity production

Ecosystem services options lost

dlife Low risk of ecosystem disservices on account

of little remaining natural habitats

Tax income continues to grow with development

d Attracts government investment through economic

development

Less dependent on external funding sources

Does not limit future livelihood options

Encourages rural population (and economic) stability

Facilitates rural migration, alleviates population and

land pressures in densely populated areas

Maintains agricultural societies’ connection to land

Exposes forest peoples to alternative cultural values

Tenure/ownership processes maintained

Allows integration in the global market economy

(accelerates development)

tions) Political connections based on trade are retained and

strengthened

Transboundary conflicts remain



Figure 1. The REDD mechanism, its benefits and its direct and wider costs. REDD is

a mechanism by which the costs of avoiding deforestation in developing countries

are compensated by developed countries. REDD has the potential to provide

benefits in addition to reducing greenhouse gas emissions. These include

biodiversity conservation, provision of ecosystem services, and creation of new

livelihood opportunities (see text for more examples and details). The costs of

REDD are usually understood to be the direct opportunity costs of alternative

foregone land uses, particularly logging and agriculture. Yet these activities

support downstream industries which provide employment opportunities and

generate tax revenues. Together, these provide incentives for rural development.

In addition REDD might have less tangible costs at local, regional and international

scales (see text for more details).
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nations, Guyana, specifically calls for REDD investments
in private sector entrepreneurship, electricity, roads,
health and education [16].

Some of the indirect opportunity costs associated with
REDD are illustrated by the forestry sector in Indonesia,
which claims that in a single province (Riau), the paper and
pulp industry alone generated over US$5 billion in 2006
[17]. Although this figure is debatable, it does provide some
indication of the relative value of the forestry industrywhen
compared to estimated figures for REDD income for the
wholeof Indonesia (US$3.8–15billionperyeardependingon
assumptions and biases). Furthermore, the forestry sector
in Indonesia employs around 350 000 people directly and
about 3.1 million people in broader forestry-related
businesses [18]. Another example is the Malaysian oil palm
industry, which contributes about 5-6% of Malaysian GDP
and provides direct employment for 570 000workers, with a
further830000workers employed indownstreamactivities.
It generates foreign exchange earnings amounting to
around US$10.1 billion annually, which provides revenue
for national development. These funds contribute to the
improved provision of piped water, electricity, communi-
cations, roads, schoolsandhealthcare through landschemes
coordinated by the Federal Land Development Authority
(MalaysianPalmOilCouncil: http://www.mpoc.org.my/pubs
_view.aspx?id=cd34de06-b843-48ca-90e3-b873fb812499).

Potential employment opportunities generated by
REDD have not been well quantified, but we expect them
to be far fewer. The governments of Indonesia and
Malaysia explicitly recognize that forestry and palm oil
play a major role in regional development benefiting both
district governments and local communities. For the suc-
cessful implementation of REDD there therefore needs to
be an acknowledgement and adequate compensation for
loss of both direct and indirect contributions made by the
forestry and other sectors to local and national economies.

For some commodities such as timber, quantifying
indirect costs might be comparatively simple along the
entire value chain. For other products, including oil palm,
the calculations would be simple at the first steps of the
value chain (e.g. crude palm oil production) but would
become increasingly complex as the range of products
and value addition opportunities multiply higher up the
chain (e.g. through biofuel refining). One approach to
address this could be to use market chain analysis to
identify the activities and financial benefits derived by
the range of actors involved in product development. Typi-
cally, this might include the producers of rawmaterials, as
well as the processors, distributors, marketers, retailers
and consumers. This could be coupled with life-cycle
assessment which might help to identify the wider employ-
ment opportunities generated by industries that deal with
environmental or other impacts associated with pro-
duction, processing, distribution, marketing and disposal
of products.

Less tangible costs

Looking beyond the purely economic implications of
REDD, it will also be necessary to consider less tangible
but equally important political and socioeconomic issues
relating to national and local development. These include
the potential social disruption of communities such as that
caused by shifting cultivators who depend on forest clear-
ing activities, and the dissociation of agricultural societies
from the land. Committing land to REDD may constrain
the future livelihood options of local communities, as is
arguably the case with protected area systems [19]. For
example, technological innovations that drive substantial
improvements in commodity production could dramatic-
ally increase future opportunity costs of REDD. From a
social perspective, forest-user communities with unclear
land tenure might be denied access to the lands they
manage and depend on, leading to ‘REDD refugees’
[20,21]. Providing alternative employment opportunities,
even if these were available, might incur social costs for
people forced to adjust to new livelihood cultures, as well as
costs associated with acquiring the new knowledge and
skills needed to successfully engage in such new employ-
ment opportunities.

Dissociating people from land and preventing their
access to forest has other implications for the rural poor.
Land conversion and improvement, whether legal or other-
wise, is one of the few methods by which they can secure
land titles. This is important since land ownership does not
just facilitate production; it also represents security
against inflation and an opportunity for speculation. In
some cases, implementation of REDDmight displace long-
standing traditional management systems including some
types of shifting cultivation (Figure 1).
399
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At national scales, large-scale adoption of REDD may
lead to demographic changes. Governments have often
actively encouraged settlement of remote frontier areas
to secure political control of peripheral regions, alleviate
population pressures elsewhere, and expand economic de-
velopment. It is well known that such rural development
projects then drive further immigration into the area [22].
For example, it has been estimated that new agricultural
opportunities in rural central Pará, Brazil in the late 1990s
drew up to 100 families per week to the area [23]. In the
event that adopting REDD reduces the development poten-
tial of the peripheral rural economies, the converse trend of
migration from rural to urban centres might increase. This
could raise political as well as social concerns and further
undermine government priorities for investment in
depopulated rural areas. Simultaneously, schemes that
seek to alleviate population pressures by providing land
to citizens from heavily populated regions might be under-
mined by virtue of underdeveloped infrastructure and lack
of economic opportunities in REDD-affected regions.

At the international scale, REDD could restrict devel-
opment support to areas in need, raising concerns of neo-
colonialism. Brazil’s long standing opposition to interna-
tionally-led conservation in theAmazon stems in large part
from real or imagined concerns over sovereignty [24] with
respect to the use and development of its land and
resources. By contrast, commodity production is largely
free of international non-market constraints to national
and local development. REDD is also unlikely to be adapt-
able to changes in supply and demand for carbon credits
internationally, or sufficiently flexible to deal with unex-
pected economic inflation nationally. Land owners engaged
in commodity production, on the other hand, can respond
quickly to changing price signals, and are less susceptible
to inflation because investment decisions can be made on
shorter time scales. In the worst scenario, carbon market
collapse might result from the emergence of new technol-
ogies such as Carbon Capture and Storage [25] which could
render REDD obsolete.

In cases where there are strong political connections
based on trade, a REDD mechanism that limits the supply
of key commodities could alter conventional political ties.
This has unclear implications. For example, strategic aid
investments from consumer to producer countries are often
built upon the exploitation of resources such as timber, as
has been the case in Japan’s historical relationship with
Indonesia and the Philippines [26]. Indeed, a central
priority of Japan’s investment credits to foreign govern-
ments has been to secure ‘the development and import into
Japan of natural resources’ [27]. The widespread imple-
mentation of REDD would change consumer–client
relationships, including political and business ties that
shape political and economic interactions between
countries. Adoption of REDD may be constrained by these
less tangible international relations.

New opportunities afforded by REDD

These costs, both tangible and less tangible, need to be
balanced by new opportunities and benefits that a forest
protected by REDD might provide. REDD potentially pro-
vides the advantage of guaranteed and stable income,
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subject to the details of the agreement, while an alterna-
tive income based on commodity production is subject to
fluctuations driven by risk-taking and price variability.
Needless to say, an entrepreneurial approach to commod-
ity production may substantially reward risk-taking, an
option not available under REDD agreements.

REDD+, which additionally allows for reforestation and
sustainable forest management activities, is increasingly
seen as the way forward in recognition of the importance of
forestry for the economies and development strategies of
tropical forest communities and nations [15]. Sustainable
forestmanagementwould restrict the expansion of agricul-
tural commodity production and processing, but maintain
the wood production industry and secure its long term
future. A REDD+ program might also generate benefits
derived from sustainable forest use, including non-timber
product commercialization and ecotourism, both of which
have associated service industries. Income may be further
enhanced by payment for environmental service (PES)
schemes, whereby landowners receive payments con-
ditional on their provision of desired environmental ser-
vices to beneficiaries, often by maintaining natural forest
cover. Although the capacity of these livelihood systems to
support local communities and national economies
remains debatable [28], promoting them alongside and
in the context of REDD+ might be sufficient to secure
viable rural livelihoods and retain forest peoples’ cultural
values [29].

Related to this issue is the importance of tenure pro-
cesses. As has already been recognized, implementing
REDD potentially clarifies land ownership as a necessary
condition [30], although this might be at the detriment of
wider forest-users who have been managing the land but
do not legally own it [21]. On the other hand, under a
business-as-usual commodity production approach, tenure
ownership is likely to remain idiosyncratic.

Increased exposure to and incidence of mosquito-borne
diseases,which incursocial andeconomic costs topeopleand
nations, have been frequently linked to deforestation [31–

33]. REDD might therefore alleviate disease burdens to
which people are currently subjected, with social, economic
and human welfare benefits. Comparative assessments of
disease incidence, in the context of REDD versus deforesta-
tion scenarios, need to consider not only exposure but also
vulnerability to disease. This is affected by wealth and
income, and infrastructure and physical capital, as well
as basic components of health such as adequate nutrition,
and access to safe water and clean air [34]. REDD might
enhance some but not all of these components.

At the very largest scale, REDD has the potential to
limit regional and cross-border costs and conflicts associ-
ated with deforestation. Amongst other things, such con-
flicts can influencewatershedmanagement and large-scale
forest burning. Watershed management affects erosion
and river sedimentation. This in turn, impacts on infra-
structure and resources such as dams fisheries, as well as
influencing valuable ecosystems including coral reefs and
mangroves. REDD might also help reduce conflicts associ-
atedwith atmospheric pollution resulting from forest burn-
ing. For example, annual burning of Indonesian forest has
economic, health and transportation impacts. During the
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1997–1998 El Niño-Southern Oscillation event this
amounted to several billions of dollars and strained
relationships with neighbouring countries [35]. By limiting
the extent of future forest fires, REDD could minimize
associated transboundary conflicts.

The need for a comprehensive trade-off model
If REDD is to be socially and politically acceptable there
needs to be a comprehensive trade-off analysis incorporat-
ing an assessment of the less tangible costs and benefits.
Although complex, such a comprehensive analysis is likely
to provide welcome guidance for politicians reflecting on
the issues identified during negotiation and implementa-
tion of REDD. From a social and conservation perspective,
the benefits of a comprehensive trade-off analysis are
myriad. It would allow researchers to integrate typically
undervalued services, including sustainable harvesting of
forest products, ecotourism and watershed protection, into
a spatial economic model. This could be used to better
inform policymakers and the public on various land-use
allocation options. A comprehensive analysis could also
promote equitable compensation for those affected by
REDD. It is quite possible that once all economic, political,
social and ecological factors have been carefully con-
sidered, the costs of forest protection through REDDmight
be far higher than initially thought.

On the other hand, by fully integrating biodiversity data
into the costs and benefits of land-use decisions [13,36], the
analysis could facilitate the development of new PES-
related products such as biodiversity banking and offsets
schemes [37]. This could also identify scenarios whereby
activities that enhance biodiversity, such as reforestation
using a wide variety of native species, might financially
outperform other forms of land use on degraded lands.
Where natural habitat conversion is likely to be more
profitable than REDD, the analysis could serve as an early
warning of potential deforestation sites for environmental
organizations and government agencies (i.e. deforestation
‘red-flags’), where pre-emptive conservation efforts might
be focused (e.g. declaration of a protected area).

The development of the model would provide unprece-
dented opportunities for collaboration across multiple
research disciplines (including economics, agronomy,
ecology and remote sensing) and between institutions
working on conservation and development issues (in-
cluding universities, nongovernmental organizations, gov-
ernment agencies and the private sector). Once
established, such an overarching framework could guide
research and disseminate data and research outputs in a
manner that is applicable to a real-world problem.

Finally, by publishing the model in an open-access,
multi-lingual and user-friendly format such as an appli-
cation in Google Earth , these benefits could reach millions
of users worldwide, particularly those whose decisions and
actions determine the fate of tropical forests. An open-
access format would also allow continuous updating with
new information, variables and computation scripts from
end-users and experts, thereby improving the model’s
scale, scope and resolution. In this way, the utility of the
analysis would not depend on its completeness; it can be
useful as it improves incrementally.
Conclusions
A successful implementation of REDDmust recognize and
overcome both direct and indirect costs of forest conserva-
tion. There are many incentives for forest conversion that
range in scale from those influencing household decisions
to those that shape international client–consumer
relationships among companies and countries. If REDD
is to be implemented for as long as land-based carbon
mitigation strategies are needed (i.e. several decades), it
will be necessary to make a complete reckoning of its
implications, in recognition of all incentives for forest
conversion. By 2050, global population is expected to have
increased by around a third, potentially driving the con-
version of one billion hectares of natural habitat in devel-
oping countries to croplandandpasture [38]. It is therefore
imperative that an evaluation of the full range of the
economic, societal and political costs of REDD is under-
taken. Of course, a comprehensive trade-offmodel is not in
itself a panacea for halting tropical deforestation. Never-
theless, to the extent that environmentally damaging
land-use decisions are the result of inadequate infor-
mation, or even disinformation [39,40], the model would
help to inform and guide land-use decisions, and so miti-
gate deforestation in the tropics. Is REDD a credible
component of a feasible solution? We would like to think
so, but we will not know for sure until we have tackled the
complex issues affecting society’s response to the full
implications of REDD.
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