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Co-benefits of forest carbon projects in

Southeast Asia
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Forest carbon projects can deliver multiple benefits to soci-
ety. Within Southeast Asia, 58% of forests threatened by loss
could be protected as financially viable carbon projects, which
would avoid 835 MtCO,e of emissions per year from defor-
estation, support dietary needs for an equivalent of 323,739
people annually from pollinator-dependent agriculture, retain
78% of the volume of nitrogen pollutants in watersheds yearly
and safeguard 25 Mha of Key Biodiversity Areas.

Forest conservation is an important nature-based solution for
achieving the goal of the Paris Climate Agreement to limit global
warming to below 2°C (refs. *). Growing demand for high-quality,
nature-based carbon credits from the private and public sectors to
meet their climate and sustainability goals presents new oppor-
tunities for carbon projects to deliver climate and other benefits
to society>’.

Southeast Asia consists of approximately 196 million ha of
tropical forests, many of which are under threat from agricultural
expansion and other economic activities’. It was estimated that
deforestation in the region contributed to 2.56 GtCO,eyr~! of emis-
sions between 2005 and 2010°, and further losses will probably
exacerbate climate change impacts. There is thus great potential
to implement large-scale carbon projects in the region that focus
on avoided deforestation as a nature-based climate solution, with
countries such as Cambodia already committing to a 59.1% reduc-
tion of their emissions from forestry in their Nationally Determined
Contributions by 2030°.

Importantly, forests within carbon projects also provide essen-
tial contributions to people, including pollination service for
pollinator-dependent agriculture and water quality regulation, as
well as biodiversity conservation"*. Certification bodies and stan-
dards typically account for the climate mitigation potential of forest
carbon projects, with the abovementioned co-benefits increasingly
recognized through standards such as the Gold Standard (gold-
standard.org) and Verra’s Climate, Community and Biodiversity
Standard (verra.org/project/ccb-program)®”.

Yet, these co-benefits are typically documented at the proj-
ect level and are typically only measured qualitatively rather than
being systematically considered or prioritized during earlier stages
of policy and decision-making processes. A robust accounting and
recognition of these co-benefits as potential socio-economic and
environmental returns on investment can help inform climate poli-
cies, strategies and decisions at national, regional and global levels.
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Here we assessed the co-benefits of establishing carbon projects
that focus on avoided deforestation across Southeast Asia. First, we
mapped the locations of standing forests that could be protected
as financially viable carbon projects based on net present values
(NPVs) and considering additionality over a 30-year time frame*
(see the Methods for the details). We then modelled the extent to
which carbon projects would (1) mitigate climate change from
the avoided emissions from deforestation®, (2) support crop pol-
lination services for pollinator-dependent agriculture®’, (3) main-
tain water quality regulation services for downstream rivers and
lakes by retaining nitrogen in watersheds®’, and (4) safeguard Key
Biodiversity Areas (KBAs)'.

We find that 114 million ha of forests in Southeast Asia could be
protected as viable carbon projects (NPV >0) on the basis of our
conservative starting carbon pricing scenario of US$5.80 per tCO,e
(refs. >*'"). Protecting forests through carbon projects would thereby
avoid 835 + 348 MtCO,e of emissions from deforestation across the
region per year (Fig. 1a and Supplementary Table 2). Forests in the
Indonesian provinces of Riau and West Kalimantan have the great-
est climate mitigation potential at up to 49tCO,eha='yr™".

Forest carbon projects in proximity to agricultural lands also
provide important foraging and nesting habitats for wild pollina-
tors™*’. These pollinators not only ensure the ecosystem health of
adjoining forest patches but also support pollinator-dependent agri-
cultural production and nutritional services within the immediate
vicinity. We find that this benefit can serve the dietary needs of an
equivalent of 323,739 + 18,725 people across the region every year,
on the basis of pollinated micronutrient production and dietary
intake requirements (Fig. 1b and Supplementary Table 3). This
service is particularly important in the Malaysian state of Sabah,
where pollination service supported by each hectare of protected
forest provides enough micronutrient production to fully meet the
needs of up to 42 people, with more people potentially benefit-
ing from having their nutritional needs even partially supported
by pollination.

Forests are also known to absorb nutrients such as nitrogen from
the environment for biomass growth and metabolism. This uptake
would in turn reduce the amount of nutrients that flow into fresh-
water habitats within the area’s watersheds and thereby improve the
quality of water flowing downstream, reducing the need for added
treatment of potable water®. On the basis of an InVEST Nutrient
Delivery Ratio model®’, we find that 2.86+0.03 Mt of nitrogen
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Fig. 1| Co-benefits attained within profitable forest carbon areas at a carbon price of US$5.80 per tCO,e. a, Climate mitigation potential. b, Pollination
service. ¢, Freshwater service. d, KBAs. e, Spatial overlay of any level of co-benefits attained within profitable forest carbon areas. Yellow represents areas
that are profitable for carbon, areas in blue provide one co-benefit in addition to carbon, areas in green provide two other co-benefits and areas in pink
provide three co-benefits in addition to carbon.

pollutants (representing an estimated 78% of potential nitrogen = Mekong River, where nutrient loads from surrounding agriculture
pollutants across Southeast Asia) per year would be avoided from  may impact livelihoods and access to clean drinking water.

the establishment of carbon projects (Fig. 1c and Supplementary KBAs are sites that contribute greatly to the global persistence
Table 3). This is particularly important for people who rely on the  of biodiversity'’. Protecting forests through carbon projects would
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Fig. 2 | Co-benefit estimates for pollination, water quality regulation and
KBAs at increasing carbon prices. The light and dark red dashed lines
indicate the corresponding amount of co-benefits that could be attained
at the carbon prices of US$5.8 and US$25 per tCO,e, respectively. The
light-blue shading indicates the standard deviations of the estimates.

thus conserve 254+ 3 Mha of KBAs in Southeast Asia, which repre-
sents half of all terrestrial forest KBAs in the region (Fig. 1d and
Supplementary Table 3).

We also identify hotspots where the establishment of carbon
projects could deliver multiple co-benefits. We find that there are
an estimated 6.6 Mha of forests in Southeast Asia that deliver some
level of all four assessed benefits (Fig. 1e). Most of these hotspots are
located in Thailand (1.7 Mha) and Indonesia (1.6 Mha). We also find
that approximately 107 Mha of forests in the region would deliver at
least one co-benefit in addition to climate change mitigation.
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Our findings are based on a conservative starting carbon price
of US$5.80 per tCO,e (refs. >*'"). If carbon prices increased in the
future, we would expect an increase in the regional extent of forests
that could be protected as financially viable carbon projects. This in
turn presumes an increase in the quantity of co-benefits that could
be delivered to society’.

We thus performed an additional analysis to assess the effects
of carbon pricing on the delivery of co-benefits from forest carbon
projects in the region (Fig. 2). We find that an increase in carbon
price to US$25 per tCO,e—the average price of carbon adopted
by western nations''—would result in corresponding increases
in climate mitigation potential (from 8354348 MtCO,eyr~' to
875+364MtCO,eyr™; 5% increase), crop pollination (from
323,739+18,725 to 372,390+17,225 equivalent people fed;
15% increase), water quality regulation (from 2.86+0.03Mt to
3.76 +0.02 Mt of nitrogen retained; 24% increase) and biodiversity
conservation (25+3Mha to 35+3Mha of KBAs protected; 29%
increase). Further increases in carbon price would result in dimin-
ishing returns in benefits (Fig. 2 and Supplementary Tables 4 and 5).

Consequently, such increases in carbon prices could promote
the financial viability of carbon projects, allowing them to compete
with other potentially lucrative land-use alternatives (such as palm
oil production'?). Alternatively, mechanisms such as payments for
ecosystem services and other conservation strategies could comple-
ment the establishment of carbon projects to further incentivize
landholders to invest in protection and potentially increase the like-
lihood of the permanence of protections>'*.

Importantly, the realization of co-benefits from forest car-
bon projects is essential to the alignment of climate policies such
as the Paris Agreement with key global policy frameworks such
as the Post-2020 Global Biodiversity Framework and the United
Nations Sustainable Development Goals (SDGs). For example, for-
est carbon projects directly address the conservation of terrestrial
ecosystems, enabling countries to better meet the targets of SDG
15.1 as well as Goal A of the Global Biodiversity Framework'. They
also allow for the synergistic achievement of other goals and tar-
gets across the SDGs such as food security (SDG 2), clean water
(SDG 6) and biodiversity, as well as other co-benefits not assessed
in this study, such as terrestrial surface cooling (SDG 13 on cli-
mate action)”. Quantifying forest services further exemplifies the
interconnections and importance of forest ecosystems for biodi-
versity and people. Particularly for communities in Southeast Asia
engaged in subsistence and/or smallholder agriculture, forests sup-
port their production of food and contribute to their livelihoods, as
well as provide clean water for drinking and household use across
the region*'“.

Naturally, forests in carbon projects can also provide many
other socio-economic benefits such as recreation and cultural, gen-
der and economic empowerment for local communities'”. While
these benefits are typically measured qualitatively and are impor-
tant in addressing human development goals, quantifying these
benefits would require a more nuanced understanding of interre-
lations between forest services and the realized benefits to people,
as well as the socio-political ecology at the local scale’. Other
types of carbon projects—namely, those focusing on reforestation
and improved land management—can also contribute to mitigat-
ing climate change and provide a variety of co-benefits, though
their potentials may also be limited by specific economic and
social constraints'.

The investment in the protection of forests, their natural capi-
tal and their ongoing provision of services through carbon projects
enables a financially viable and sustainable means of addressing
other socio-economic and environmental issues beyond climate
change. By assessing this potential in Southeast Asia, we demon-
strate the potential of carbon finance to meet global climate and
human development ambitions.
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Methods

First, we mapped areas of standing forests that could be protected as financially
viable carbon projects over a 30-year time frame. Second, we modelled the

extent to which carbon projects would (1) mitigate climate change from the
avoided emissions from deforestation?, (2) support crop pollination services for
pollinator-dependent agriculture®’, (3) maintain water quality regulation services
for downstream rivers and lakes by retaining nitrogen in watersheds®’, and

(4) safeguard KBAs'"’. Third, we assessed the effects of carbon pricing on the
delivery of co-benefits from forest carbon projects in the region.

Standing forests in Southeast Asia were mapped on the basis of the European
Space Agency’s Climate Change Initiative 2015 land cover classification'”
(Supplementary Table 1). We updated these forest areas to exclude recently
deforested areas up to 2018' and existing human settlements”. To harmonize
our spatial data layers with Avitabile et al’s*” carbon data (1-km resolution), we
resampled (nearest neighbour) higher-resolution data where necessary.

Profitable forest carbon was determined on the basis of Koh et al.”, which
estimated profitability on the basis of key carbon finance requirements such as
additionality and NPV. Specifically, NPV was calculated on the basis of several
simplifying assumptions, including a project establishment cost of US$25ha™!, an
annual maintenance cost of US$10ha~" and a carbon price of US$5.80 per tCO,e
for the first five years, followed by a 5% appreciation for the subsequent years over
a 30-year project time frame. We also applied a 10% risk-adjusted discount rate and
considered profitable areas where NPV > 0.

The regional estimates for pollination service (measured as the equivalent
number of people fed), water quality regulation (in tons of nitrogen retained
in the watershed) and KBAs (in hectares) within profitable forest carbon areas
were then extracted from the respective spatial layers (see the Supplementary
Information for the details, especially Supplementary Tables 2 and 3). We also
determined locations across the region where carbon projects would deliver
multiple co-benefits through a spatial overlay. Areas identified to contribute
any level of co-benefit were coded 1 to 3, indicating the number of co-benefits
that could be attained in addition to climate change mitigation from avoided
deforestation (Fig. le).

We then explored the potential for carbon prices to affect the delivery of
co-benefits from forest carbon projects in the region. The carbon prices assessed
included US$1, US$2, US$3, US$4, US$5, US$10, US$15, US$20, US$25 and
US$50 per tCO,e, with US$100 per tCO,e set as the maximum on the basis of
Griscom et al’s' cost-effective climate change mitigation threshold, with the same
project establishment and annual maintenance cost, price appreciation, discount
rates and time frame as assumed in the earlier analyses. The respective co-benefit
estimates within profitable forest carbon areas at each price point were then
extracted from the respective spatial layers (Supplementary Figs. 1-5).

We used uncertainties reported as standard deviations that were inherent to
Avitabile et al’s” carbon dataset for all spatial layers. Uncertainties associated with
the price of carbon, and in turn the associated co-benefit uncertainty estimates,
were also based on an assumed uniform distribution of the minimum and
maximum prices of carbon between 2006 and 2018’, and reported as standard
deviations.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability
All maps generated are available in Zenodo at https://doi.org/10.5281/
zenodo.5572600.

Code availability
AllR and Python scripts used to process the data are available from the
corresponding authors upon request.
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