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ABSTRACT: Agroforestry, the deliberate management of trees on farms, is not explicitly included in
REDD+ or the current UNFCCC mechanisms. However, many agroforestry systems can be integrated into
REDD+ by meeting the UNFCCC forest definition, which sets specific land area, tree crown cover, and tree
height criteria. Approximately 46% of global agricultural land already meets at least 10% tree cover, with
Southeast Asia and Central America at 50%, and Sub-Saharan Africa at about 15%. These figures
indicate that most tree crop production and agroforestry systems qualify as forests under REDD+.
Agroforestry contributes to REDD+ in two ways: by meeting specific forest definitions and being part of a
broader landscape strategy. It has the potential to reduce degradation by providing sustainable timber and
fuelwood, reducing reliance on distant forests. Such study even faces challenges in assessing the socio-
economic impacts, monitoring carbon sequestration in agroforestry systems, and implementing policies
that incentivize farmers to adopt agroforestry practices for successful reforestation within the framework
of REDD+. To effectively contribute to REDD+ and INDCs goals, factors like market infrastructure, tree
rights policies, and safeguards must be addressed. Recognizing the benefits of emission reductions,
biodiversity preservation, and improved livelihoods, countries should prioritize agroforestry in their
REDD+ strategies to enhance its role in achieving the objectives of REDD+ and INDCs. challenges in
assessing the socio-economic impacts, monitoring carbon sequestration in agroforestry systems, and
implementing policies that incentivize farmers to adopt agroforestry practices for successful reforestation
within the framework of REDD+.
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land uses, such as forests (REDD+), agriculture

INTRODUCTION

REDD+ programs were once seen as a potential
revolutionary for tropical forests, but progress has been
gradual in implementing the ideas (Minang and Van-
noordwijk 2013). REDD+ is designed to reward
countries for preserving forests and reducing emissions,
but specifics are still being discussed within the United
Nations Framework Convention for Climate Change
(UNFCCC, 2008). It encompasses various elements like
Deforestation decreases emissions, decline in forests,
carbon  stock  conservation, equitable  forest
management, and carbon stock conservation
enhancement. The core concept of REDD+ revolves
around forests. Ideally, REDD+ ought to be optional,
performance-oriented (measurable and verifiable), and
egalitarian, with the goal of generating extra long-term
advantages such as safeguarding biodiversity. Other
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(sectoral methods), and afforestation/reforestation
(Clean Development Mechanism) have secured specific
places within the UNFCCC, agroforestry remains less
prominent, notwithstanding its documented benefits for
adaptation and mitigation of climate change in research
(Verchot et al., 2007; Albrecht and Kandji 2003;
Montagnini and Nair 2004; Thorlakson and Neufeldt
2012).

Agroforestry, a deliberate practice involving the Tree
incorporation and administration in farming and
landscaping, finds itself in a unique position as a
second-tier land usage, straddling both forestry and
agriculture. (Kumar et al., 2021; Sharma et al., 2022b).
The challenge lies in how it is linked to these domains,
with varying perspectives depending on the data
gathering and characterization of dominant forests
methods employed by FAO. Additionally, the
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UNFCCC faces difficulty in accommodating Swidden-
fallow systems, which, depending on the perspective,
can be seen as either the administration of forests, forest
loss, or destruction of forests. The absence of a clear
classification for agroforestry within the UNFCCC can
be both advantageous and disadvantageous. On one
hand, it allows for flexibility, potentially benefiting
from multiple mechanisms. On the other hand, this lack
of clarity poses the risk of insufficient attention within
any of the existing mechanisms. Regrettably,
agroforestry has not received the necessary focus within
the UNFCCC mechanisms, including REDD+, despite
its immense potential (Mertz et al., 2012). As a result,
the true value and contributions of agroforestry have yet
to be fully recognized and integrated into Mitigating
and adapting measures for changing the climate
(Sharma et al., 2022a).

A. REDD+ evolution under the UNFCCC

REDD's development occurred through a collection of
international discussions, conventions, pacts, and
treaties. During the 11" Conference of the Parties
(COP11), the Coalition of Rainforest Nations advanced
the idea in 2005. The initial document proposed using
foreign funding from developed nations to minimize
carbon emissions from degradation in tropical areas. In
2007, the Bali Decision on Deforestation recognized the
role of deforestation and forest degradation in
greenhouse gas emissions and called for urgent action
in reducing them. This decision supported various
initiatives, including demonstration projects, to combat
decline in forests and deforestation while encouraging
financial and technical support from convention parties
and others.

In 2008, REDD evolved into REDD+ when the
UNFCCC expanded its scope. It now includes the
involvement of native people, side advantages
including protecting biodiversity, improving forest
monitoring, and preserving current forest carbon stores.
The Cancun Agreements of 2010 further developed
REDD+, addressing deforestation drivers, land tenure,
forest governance, gender issues, and relevant
stakeholders' participation (Cancun Safeguards). The
agreements established a set of activities under
REDD+, which include protecting forest carbon
reserves, improving forest carbon stocks (Nasam et al.,
2022) and encouraging sustainable forest management;
lowering emissions from deforestation and forest
degradation. In addition to these activities, participating
parties were necessary to create national plans for the
implementation of REDD+, establish national forest
emission reference levels, put in place forest monitoring
systems, and address safeguards to ensure the
effectiveness and sustainability of REDD+ initiatives.
In 2013, the Warsaw Framework for REDD+ was
formulated based on earlier COP decisions, serving as
the "REDD+ implementation guide". In 2015, A
structure for an international carbon trade to provide
monetary assistance for REDD+ was added in Article-6
of the Paris Agreement (PA) the same year that REDD+
was introduced to Article-5 of the agreement.
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Fig. 1. Global GHG emissions by different economic
sector (IPCC, 2014).

B. Deforestation and forest degradation

Deforestation and forest degradation are among the
most significant global dangers to forests (Liang and
Gamarra 2020). Deforestation involves the conversion
of forested areas into non-forest lands for activities such
as agriculture and road construction, while forest
degradation refers to the loss of vital resources and
services that forest ecosystems provide to both humans
and the environment (IPBES, 2019). Since the 1960s,
The destruction of over half of the the globe's tropical
forests, with over one hectare lost or severely degraded
every second (Liu et al., 2019). These losses have far-
reaching  consequences, affecting  communities
depending on the forest, biodiversity, and the global
climate. Stopping the rate of destruction and forest loss,
increasing carbon storage in forests, and improving
forest management are essential to combating global
warming and safeguarding biodiversity. (Seddon et al.,
2021; Naz et al., 2020). Between 1990 and the present,
due to the transfer of forest land to various land uses,
almost 420 million hectares of forest have been lost.
(Mekuria et al., 2021). However, there is some
encouraging progress in recent decades. The rate of
deforestation has shown improvement, with around 10
million hectares of forest lost annually between 2015
and 2020, compared to 16 million hectares per year in
the 1990s (FAO, 2020). Primary forests, which are
essential for preserving biodiversity and storing carbon,
have also suffered considerable losses. The world has
witnessed a decrease of more than 80 million hectares
of primary forest since 1990 (FAO, 2020). In addition,
more than 100 million hectares of forests are
significantly impacted by pests, diseases, invasive
species, droughts, and other unfavourable weather
conditions, which exacerbates the difficulties
encountered by forest ecosystems. (FAO, 2020).
Addressing these threats and implementing effective
conservation measures will be crucial in safeguarding
the future of our precious forest ecosystems, preserving
their biodiversity, and mitigating climate change
(IPBES, 2019; Romanak et al., 2021). Collaborative
efforts from governments, organizations, and
individuals worldwide are essential to ensure the
sustainable management and protection of forests for
generations to come (Santoro et al., 2020; Hansen et
al., 2013).
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C. Drivers of Deforestation and Forest Degradation
Deforestation and forest degradation are the outcomes
of diverse factors known as drivers, which can be
classified as direct and indirect (Angelsen et al., 2014).
Direct drivers are human behaviours that directly affect
the amount of forest cover, which results in the loss of
forest carbon. Indirect drivers, on the other hand,
include social, economic, political, cultural, and
technical activities that support the occurrence of direct
drivers. (Geist & Lambin 2002). These drivers are
different among locations and nations and dependent on
circumstance, largely arising from the demand for
specific commaodities. Globally, deforestation and forest
degradation are significantly driven by the expansion of
agriculture to meet the growing demand for
commodities like palm oil, soy, and cattle for beef and
leather (FAO, 2020). Additionally, the demand for
bioenergy sources such as fuelwood and charcoal also
contributes to deforestation (Angelsen et al., 2014).
Human-induced activities like overgrazing, excessive
logging, and fires further exacerbate forest degradation
(Geist and Lambin, 2002). Natural causes like insect
pests, storm damage, and natural fires also play a role in
forest degradation (FAO, 2020).

I Direct Drivers I Indirect Drivers
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;
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o uses
Livestock grazing in forests, fuelwood
collection and charcoal production
-{ Poor governance

Fig. 2. Drivers of deforestation and forest degradation.

In the tropics, the primary driver of deforestation is the
need for land for crop cultivation and livestock rearing
(Kissinger et al., 2012). Forest loss is also greatly aided
by businesses like mining, timber harvesting, and
building new infrastructure (Geist and Lambin 2002).
Poor forest and land-use governance, coupled with
increased food, animal feed, and fuel requirements,
make agriculture the predominant driver of
deforestation, responsible for up to 80% of global
deforestation (Angelsen et al., 2014; FAO, 2020).
While subsistence farming remains the main cause of
deforestation in India, Latin America and Southeast
Asia are experiencing a rise in commercial agriculture
(Kissinger et al., 2012). Global commodities markets

will increasingly have an impact on deforestation as
middle-income nations continue to rise. (Angelsen et
al., 2014). Certain commodities such as beef and
leather, soy, palm oil, sugar, cacao, timber, pulp, and
paper are major contributors to deforestation worldwide
(Geist and Lambin 2002). Addressing these diverse
drivers will be essential to effectively combat
deforestation and forest degradation, ensuring the
preservation of valuable forest ecosystems and their
vital roles in climate regulation and biodiversity
conservation (FAQ, 2020; Kissinger et al., 2012).

D. Agroforestry: Tool for REDD+

The deliberate management of trees on farms, or
agroforestry, is not explicitly mentioned in the current
United Nations Framework Convention for Climate
Change (UNFCCC) mechanisms, including REDD+.
However, many current agroforestry systems globally
may be suitable for inclusion into a REDD+ mechanism
based on the UNFCCC's forest definition as stated in
the Kyoto Protocol. (Van-noordwijk and Minang, 2009;
Sharma et al., 2021). The UNFCCC's forest definition
has three key components, with particular emphasis on
the first:

1. Forest is defined by country-specific thresholds for
canopy cover (10-30%) and tree height (2-5 meters).

2. These thresholds are determined through “expert
judgment" based on the potential to reach such
conditions in situ, not necessarily the current
vegetation.

3. If a state forest organisation feels that temporarily
unstocked lands will, can, or should revert to tree cover
conditions, the term "temporarily” remains ambiguous,
the areas can still be regarded as forests.

Considering the first rule, a significant number of
agroforestry systems fall within the threshold canopy
cover of 10-30%, making them automatically eligible
for REDD+. Studies conducted by Zomer et al. (2009)
indicate that approximately 46% of agricultural land
globally possesses at least 10% tree cover, with
Southeast Asia and Central America having 50% of
agricultural land with at least 30% tree cover, and Sub-
Saharan Africa with about 15% having similar tree
cover. Given that some tree crops, like unpruned coffee,
may easily reach a height of five metres, these findings
suggest that the majority of tree crop production and
agroforestry systems satisfy the minimal forest needs.
(Van-noordwijk and Minang, 2009; Sharma et al.,
2022a).

Table 1: Potential linkage between agroforestry and REDD+ options.

Role of Agroforestry

REDD+ option

Pathway

Agroforestry as part of

Enhancing carbon stores, conserving agroforest

Agroforest carbon is specifically

address the causes of

deterioration

REDD+ carbon reserves, and sustainable management of | targeted and compensated for by
agroforests REDD+.

Using  agroforestry  to | lowering deforestation-related emissions Diversifying and long-term growth

combat the causes of

deforestation

Utilising agroforestry to | lowering emissions caused by deforestation Growth of fuel wood and timber

on-farm
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Countries that opt for the lower limit of 10% canopy
cover can potentially include more agroforestry systems
within the REDD+ mechanism (Verma et al., 2021;
2023c) leading to increased opportunities for
sustainable land-use practices to contribute to climate
change mitigation (Van-noordwijk and Minang 2009).
Table 1 summarizes the potential linkages between
agroforestry and REDD+ options.

E. Agroforestry as a strategy to reduce deforestation
According to the land-saving or intensification
hypothesis, investments should be made in agriculture
to boost production per unit area by using better
technology and more inputs. Once these interventions
secure sufficient food, fuel, and fiber supply, less forest
land would be cleared for agriculture, thus preserving
more forests for conservation (Borlaug, 2007).
Agroforestry has proven to be a significant sustainable
intensification practice in various parts of India,
positively impacting soil fertility and productivity by
incorporating nitrogen-fixing trees and providing
biodiversity benefits (Garima et al., 2021; Verma et al.,
2023a, 2023b). Consequently, agroforestry emerges as
a promising approach for achieving land sparing.
Furthermore,  sustainable intensification  offers
opportunities for profitable labor utilization, diverting
labor away from deforestation activities (Sharma et al.,
2017a, 2017b). Gockowski and Sonwa (2011) the
Guinean rainforest of West and Central Africa (Cote
D'lvoire, Ghana, Nigeria, and Cameroon) could have
saved 21,000 km? of forests and decreased emissions by
nearly 1.4 billion tonnes of CO2 if intensifying cacao
(Theobroma cacao L.) agroforestry systems through
seed-fertilizer technologies and integrating timber
species had they been implemented in the late 1960s.
This is in contrast to the baseline scenario of extensive
cacao, cassava, and oil palm expansion into forest
areas, accounting for approximately 68,000 km? over
the same period. Strategies for sustainable
intensification and diversification, particularly in areas
where large-scale small farm holdings are the main
causes of deforestation, can be successful.

F. Agroforestry as a strategy to reduce degradation
Fuel wood, charcoal, and timber have been identified as
primary drivers of forest degradation in numerous
countries, and in some cases, they contribute to
deforestation, particularly in arid forest regions like
Burkina Faso in Africa. Consequently, promoting on-
farm timber and fuelwood production holds promise in
easing the pressures on forests caused by rising
demands for these resources. On-farm timber
production is gaining traction as a mainstream source of
timber in various tropical countries worldwide
(Robiglio et al., 2011; Babu et al., 2022).

Studies, such as Kimaro et al., (2011), showcase the
significant role of rotational woodlot systems in
reducing forest degradation and offsetting CO2
emissions through on-farm wood supply in semi-arid
Morogoro, Eastern Tanzania. After a 5-year cycle, they
discovered that the wood output (23 - 51 Mg C ha?)
was adequate to fulfil family fuelwood needs. They also
offered proof that the highly productive acacia fallows
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(Acacia crassicarpa A. Cunn. Ex Benth., Acacia
leptocarpa A. Cunn. Ex Benth., and Acacia mangium
Wild) needed just 4 to 9 years to replenish the carbon
lost by the clearing of Miombo woodland for
agricultural development. whereas re-growing Miombo
Woodlands necessitated two decades. In Sumatra,
Indonesia's Kirinci Seblat National Park, Murniati et
al., (2001) demonstrated that households with
diversified farms (including wetland rice fields and
mixed gardens) relied far less on adjacent national park
resources compared to households engaged solely in
wetland rice farming. Similarly, households with mixed
gardens exhibited intermediate dependence on forest
resources, particularly in terms of product values. These
and other studies underscore the potential of
agroforestry diversification in mitigating the mounting
pressures on forests (Panwar et al., 2022; Bhardwaj et
al., 2023).

G. Afforestation/Reforestation — Clean Development
Mechanism

The Clean Development Mechanism (CDM), as defined
in Article 12 of the Protocol, enables countries with
emission-reduction commitments under the Kyoto
Protocol to implement emission-reduction projects in
developing nations. These projects can earn certified
emission reduction (CER) credits, each equivalent to
one tonne of CO2 (Kumar et al., 2023; Iram and Shah
2017) The 1997 Kyoto Protocol established binding
targets for greenhouse gas (GHG) emission reductions
on Annex | countries (UNFCCC, 2008). To achieve
these targets, these countries adopted national measures
and three flexible, market-based mechanisms:
Emissions Trading, Joint Implementation (JI), and the
Clean Development Mechanism (CDM). The CDM has
two main goals: promoting sustainable development in
host countries and aiding industrialised nations in
achieving their emission reduction targets through the
purchase or creation of carbon offsets (Sharma et al.,
2021).

Essentially, the CDM enables industrialised countries to
reach some of their emission reduction goals by
acquiring carbon offsets from CDM-registered projects
or by initiating/financing such initiatives. Although the
CDM recognises a variety of activities that result in
carbon offsets, all CDM project activities must be
carried out in non-Annex | (host) countries and must
advance their sustainable development goals (Figueres,
2006). The geographic limitations on CDM operations
and their emphasis on sustainable development set them
apart from JI and other carbon-market activities that
create or accept various kinds of carbon offsets.
Certified Emission Reductions (CERs), which are
created via all CDM project operations, are carbon
offsets that are equal to one metric tonne of carbon
dioxide. Within the CDM, afforestation and
reforestation are the sole recognized Land Use, Land-
Use Change and Forestry (LULUCF) activities (as
designated in Article 3.3 of the Kyoto Protocol) that can
create CERs (Schlamadinger et al., 2007; Khan and
Khan 2020). However, it is anticipated that a post-2012
climate agreement will likely alter the CDM, potentially
broadening recognized activities in the LULUCF
15(7): 370-377(2023) 373



classification or introducing new classifications such as
Agriculture, Forestry, and Other Land Uses (AFOLU)
and Reduced Emissions from Deforestation and Forest
Degradation (REDD+) (Thomas et al., 2010). There is
widespread agreement that CDM AR
(Afforestation/Reforestation) projects have the ability
to store carbon and aid in sustainable development.
(Jindal et al., 2008; Streck and Scholz, 2006; Timilsina
et al., 2010; Boyd et al., 2007). Nevertheless, there are
diverging  opinions  concerning  the  global
implementation of such projects (Unruh, 2008), the
definition of "sustainable development” and its
implications (Olsen, 2007), the actual contribution of
market mechanisms to carbon mitigation, and the
equitable distribution of benefits from carbon forestry
projects, including CDM A/R projects (Tschakert et al.,
2007; Gundimeda, 2004; Nelson and De Jong, 2003). In
fact, the amount of afforestation and reforestation
projects that the CDM has certified has been hampered
by challenges with the design, cost effectiveness, and
execution of potential A/R projects. In the beginning,
there was just one A/R project registered among almost
1,400 CDM projects by early January 2009, and that
project was China's Facilitating Reforestation for
Guangxi Watershed Management in Pearl River Basin.
However, by May 2010, there were 14 registered CDM
A/R projects (out of 2,171 total registered CDM
projects), and there were another 41 CDM A/R projects
that were either being reviewed, being validated, or
seeking registration. If all 41 applicants are registered,
these 55 A/R projects are projected to produce 15,780
CERs (0.6%) of the 2,854,824 CERs expected to be
generated by all CDM projects by 2012 (Fennhan,
2010). Individually, the 14 currently registered CDM
AJR projects are expected to capture around 8,084 kg
tons of carbon dioxide by 2020 (Fennhan, 2010).

H. Lands suitable for CDM-AR

Globally, it has been found that over 760 million
hectares (Mha) of land meet the minimal eligibility
criteria  for

all Non-Annex | nations' land surface area is
represented by this region. With the exception of a few
nations in Europe and Central Asia, which combined
make up a small fraction of appropriate land, the global
totals provided in this research include six areas that
span the majority of the countries with considerable
CDM-AR potential. Initially, 749 Mha of land were
determined to be biophysically appropriate among these
Six zones.

According to Sathaye and Ravindranath (1998), in 10
tropical and temperate Asian nations, an estimated 300
Mha of land may be accessible for mitigation,
comprising 181 Mha of degraded land suitable for
plantation forestry and 79 Mha of degraded forestland
suitable for regeneration. Another study by Zomer et al.
(2008) Large tracts of appropriate land were found in
Sub-Saharan Africa (27%) and South America (46% of
all eligible areas globally), which may be ascribed to
these regions' bigger landmasses and, to some degree,
lower population concentrations. In comparison, South
America and Africa constitute about 330 Mha and over
200 Mha, respectively, whereas the three Asian areas
together only make up around 200 Mha, with Southeast
Asia making only 8% of the world's land surface. It is
significant to highlight that these estimations may
overstate the real accessible areas because they are
primarily based on biophysical parameters and
UNFCCC regulations.

In actuality, a more intricate collection of factors,
including national, local, and site-specific socio-
economic and ecological settings, determines the
locations that may be suitable for CDM-AR initiatives.
These variables include elements like land opportunity
costs, market access, land and tree tenure, national level
infrastructure, and assistance, in addition to CDM-AR
regulations and tree growth characteristics. As a result,
only a much smaller fraction of the appropriate area
identified will satisfy the more stringent requirements
needed for CDM-AR to be a practical alternative for

Clean Development Mechanism - landowners, land managers, communities, and/or
Afforestation and Reforestation (CDM-AR) activities, national planners (Sharma et al., 2021).
both statutory and biophysical (Fig. 2). Just over 9% of I. The challenges for agroforestry in REDD+
Local level ’ ‘ Global level
| : Financial hurdles and validation,
Opportunity cost registration and verification process
— Lack of local institutional linkage | [ Delayed returns on investment
| Tree tenure = High transaction cost
) Lack of technical support and extension
— Land tenure & rights | services
—{ Food security
Fig. 3. Challenges for agroforestry in REDD+.
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CONCLUSION

Agroforestry has the potential to play a significant role
in REDD+ programs, contingent on how each country
defines its forests. By incorporating agroforestry into
REDD+, it can serve as a viable and sustainable
pathway for intensification and diversification,
effectively curbing deforestation. Notably, the demand
for fuel wood, charcoal, and timber acts as primary
drivers of forest degradation. However, agroforestry
can address this issue by increasing on-farm timber and
fuel wood production, thereby reducing the pressures
on natural forests.

Agroforestry also helps REDD+ projects that focus on
improving and preserving carbon stocks. Through the
intentional integration of trees on farms, agroforestry
can mitigate emissions from forest degradation while
fostering sustainable land use practices. Moreover,
agroforestry provides an increasing agricultural yield is
a chance for farmers to boost their revenue, making it a
key driver in climate change mitigation efforts. By
embracing agroforestry as part of their REDD+
strategies, countries can harness its multiple benefits to
foster sustainable development and combat climate
change.

FUTURE SCOPE

Countries should prioritize agroforestry by giving it a
special place in their strategies for Reducing Emissions
from Deforestation and Forest Degradation (REDD+)
and Nationally Appropriate Mitigation Actions
(NAMASs). Agroforestry offers significant benefits in
terms of emission reductions, biodiversity conservation,
and improved livelihoods. Therefore, it is essential to
assess whether the current forest definition under
REDD+ adequately includes agroforestry and other
tree-based systems and their associated benefits.
Policymakers must also consider directing REDD+
funds towards intensification pathways, including
agroforestry, as these pathways can substantially
contribute to achieving REDD+ goals. However, there
has been limited exploration of such approaches and the
development of a comprehensive policy framework for
managing agriculture as a driver of deforestation within
the REDD+ context. Thus, more research is needed at
both scientific and policy levels to effectively integrate
agroforestry into REDD+ strategies.

Agroforestry and other tree-based systems can play a
crucial role in enhancing synergies between climate
change mitigation and adaptation. One way to promote
these systems is by utilizing adaptation funding to
support agroforestry and tree-based farming practices.
Although these systems have the potential to contribute
to emission reduction, they may face challenges in
terms of initial investments, especially during the initial
two years when no immediate revenues are expected.
Integrating adaptation funding into these projects can
optimize both mitigation and adaptation efforts, which
are currently facing shortages of funding. Policy
reforms for REDD+ should encompass legal, incentive,
and market frameworks that facilitate tree-based
enterprises and their role in emission reduction beyond
traditional "forests." Evidence from Asia, Africa, and
Singh et al.,
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Latin America indicates that the success of agroforestry
and tree-based systems depends on robust market
infrastructure, value addition to tree products and
services, and comprehensive extension services. For
instance, experiences from Niger's tree rights reforms
and the subsequent transformation it fostered, as well as
market-oriented policy reforms in Vietnam's coffee
sector, offer valuable lessons for shaping the necessary
approach (Minang et al., 2011).
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