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Abstract: Agroforestry has the potential to fundamentally transform socio-ecological systems
to address the root causes of climate vulnerability. Although there is increasing interest in
agroforestry as a transformative adaptation strategy, its implementation is often discouraged
by the need to involve multiple stakeholders, sectors, and governance levels with potentially
different interests. We draw on a systematic review of sixty-four peer-reviewed papers on
climate change governance in agroforestry systems to (1) outline the current state of the
literature, (2) characterise how governance is conceptualised, (3) investigate governance
challenges, and (4) provide insights into effective governance. The review finds that most rele-
vant papers have been published in the past three years, and most of these papers are found in
interdisciplinary journals. The main governance challenges include coordinating polycen-
tricity, overcoming power imbalances, and sharing, translating, and integrating different types
of knowledge. However, few empirical studies of agroforestry governance have been completed.
A richer conceptual framework of governance is required to improve our ability to navigate
the role of sustainable land management practices such as agroforestry in successful climate
change adaptation and mitigation.
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1. Introduction

Agroforestry, broadly defined as an agricultural land use where crops, livestock, and
fish production are managed in association with trees to enhance ecosystem services,
has been widely promoted as one of the most efficient sustainable land management
practices in terms of its simultaneous contribution to address desertification, land
degradation and drought, declining biodiversity, and accelerated climate change. The
concept of agroforestry was from its very beginning aligned with ‘restoration” and
linking farmers’ knowledge, objectives, and expectations to desirable environmental
change. Where earlier definitions of agroforestry focused on the technology of plot-level
integration of trees at field and farm level, subsequent interpretations of agroforestry
as an element of multifunctional landscapes, have focussed on the agriculture/forest
interface at landscape and livelihoods scales. Finally, in the late 2000s—early 2010s, the
lack of recognition of the active interface of agriculture and forestry became the basis
for defining agroforestry as a domain for coherent policies for all land uses, to achieve
the higher-level Sustainable Development Goals (van Noordwijk & Coe 2019).

Issued at the conclusion of the 4th World Congress of Agroforestry in 2019, the
‘Montpellier Declaration: Make our Planet Treed Again!’ highlights the multiple
benefits of agroforestry, including its role in maintaining or enhancing yields while
mitigating carbon emissions, adapting to the increasingly frequent droughts and
floods linked to climate change, restoring degraded soils, and maximising the overall
productivity of landscapes for humanity and nature (International Institute for
Sustainable Development 2019). Advancing agroforestry in the policy and scientific
agenda is particularly beneficial as these practices significantly depart from conven-
tional coping strategies and incremental adaptation to climate change, which may not
always be effective at helping people or ecosystems to reduce their vulnerabilities to
climatic changes. Instead, agroforestry fundamentally alters the entire system’s
ecological and/or social properties and functions, thus reducing the root causes of
vulnerabilities to climate change (Fedele et al. 2019).

A new appreciation of the relevance of agroforestry and related practices for the
climate change agenda is emerging as part of the recent IPCC (Intergovernmental
Panel on Climate Change) land-use report (Smith ez al. 2019). The 2019 update of the
IPCC guidelines for national greenhouse gas inventories for the first time explicitly
includes default data (for Tier 2 accounting) for a range of agroforestry land uses
(Cardinael er al. 2018, Ogle et al. 2019). National Adaptation Plans increasingly make
explicit reference to agroforestry (Meybeck ez al. 2020). While trees on farms around
the world have been steadily increasing, adoption of agroforestry is mostly limited to a
minority of innovative land-users and practitioners (Sanz et al. 2017). A ‘transformative
change’ is needed to speed up the adoption of agroforestry systems.
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From 1990 to 2018, almost ten times more funding for climate change research
went to the natural and technical sciences than to the social sciences and humanities
(Overland & Sovacool 2020). But we will not solve problems related to land, trees, and
forests contributing to our global crises if we do not understand and address the
governance challenges (Maryudi et al. 2018). Governance research is essential to
understanding how to bring about transformational change in policies, institutions,
and behaviours (Rahman et al. 2018). For forests and trees, governance is relevant
across scales (from global policies and challenges to local land use practices) and is
inherently multi-actor and multilevel. However, governance structures often do not
encourage cross-sectoral and cross-scale planning and cause instability over time. The
inability to accommodate traditional governance mechanisms and access rights rec-
ognised by indigenous people and local communities can further limit agroforestry from
catalysing transformative adaptation (Scherr et al 2012). As agroforestry redefines
entire systems and alters both social and ecological processes, it becomes critical to iden-
tify the changes required in governance structures to facilitate this type of adaptation
(Fedele et al. 2019).

While there have been recent syntheses focused on the climate-related benefits of
agroforestry (Brown et al. 2018), there has not been a comprehensive literature review
and synthesis focused on climate change governance of agroforestry systems. We aim
to address this gap in the literature by applying a systematic review methodology with
five objectives: (1) outline the current state of the literature, (2) characterise how gov-
ernance is conceptualised, (3) investigate governance challenges, and (4) provide
insights into effective governance. The paper begins with an overview of the methods,
followed by the results and discussion, and, finally, presents the main conclusions that
can be drawn from the research.

2. Methodology

We employ a systematic review of literature related to climate change governance and
agroforestry, where we sample, analyse, and synthesise literature to answer targeted
research questions. We follow a four-step process as follows: (1) determine research
questions to guide the review; (2) develop a search protocol (that is, targeted databases
and search terms) to explore literature databases; (3) screen the results of the literature
search based on a predetermined set of criteria; and (4) conduct an analysis and
synthesis of the remaining literature.

The questions guiding our research relate directly to the objectives (Table 1).
Governments, the private sector, and civil society need to have a better, contextually
grounded, understanding of options for achieving effective and inclusive governance
of forests and trees and promote biodiversity-enhancing agricultural systems, such as
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Table 1. Objectives and related research questions.

Objective Research question(s)
To outline the state of the literature on climate What are the main characteristics of relevant
change governance in agroforestry settings publications (e.g., geographic focus)?

In what journals are the papers published?

To characterise the current conceptualisation of  Is climate change governance defined? If so, what
climate change governance within the literature definitions are used?
If not, how is climate change governance being

constructed?
To investigate the challenges of climate change What governance challenges emerge from, or are
governance and provide insights into what is apparent in the literature?
considered effective governance within What characteristics and factors emerging from the
agroforestry settings literature are thought to constitute effective
governance?

agroforestry, that can contribute to climate change mitigation without compromising
yields. For governance to support this by aligning incentive structures, reimagining
accountability systems and levelling the playing field, a governance research agenda
must be based on an initial understanding of the paradigms used and the research
insights that support transformational change.

While we recognise that grey literature, particularly in the form of reports published
by multinational or research organisations related to climate change and agroforestry
issues, may be relevant to the purposes of this review, we chose to focus only on pub-
lished literature to keep the review task manageable (in the face of an overwhelming
volume of academic literature) and to validate the quality of the articles reviewed
through a peer-review process. Future studies may consider including grey literature
to address individual study limitations through contextualisation and triangulation,
while treating different categories of evidence separately. We chose Scopus as the
targeted database because it contains a broad range of journals related to agroforestry
management and climate governance. This database is appropriate since: (1) the rele-
vant literature spans multiple disciplines (for example, ecology, geography, sociology,
planning) and (2) there are no journals or databases focused specifically on agro-
forestry or climate governance. These two conditions necessitate drawing from a range
of journals and databases to capture an adequate scope of relevant papers.

The targeted databases were queried using two sets of keywords relating to:
(1) definitions and terms used to describe agroforestry systems, (2) terms that explicitly
contained the concepts of climate change governance or climate governance (Table 2).
We acknowledge that these search terms would omit relevant publications that do not
explicitly use the term ‘governance’. However, we assume that explicit use of the term
‘governance’ is important, since we aim to explore governance conceptualisations,
challenges, and effectiveness.
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Table 2. Search terms by category.

Category

Terms

Agroforestry systems

Climate change governance

(“agr*forest™” OR “agr*silv*” OR “agr*hort*” OR “evergreen
agriculture” OR “improved fallow*” OR “shade tree*” OR “rotational
tree fallow*” OR (parkland* AND agr*) OR “tree garden*” OR
“forest garden” OR “alley crop*” OR “alley system*” OR “alley
farm*” OR intercropping OR “shifting cultivation” OR shelterbelt*
OR “natural vegetation strip*” OR “wind break*” OR “sloping
agricultural land technology” OR “hedgerows” OR “hedge cropping”
OR silv*past* OR “fodder tree*” OR “integrated animal and wood
production” OR “trees on pasture” OR “integrated production of
animals, crops and wood” OR “tree-crop-livestock” OR “apiculture
with trees” OR entomoforestry OR “aqua-silvo-fisher*” OR “tree* on
farms” OR “orchard” OR “on-farm tree*” OR “wooded pastures
produce” OR “fertili*er trees” OR “shade species” OR “shade-grown”
OR “alternative agriculture” OR “tree-based system*” OR “tree
fallow*” OR “planted fallow*” OR woodlot* OR “boundary
planting” OR “mixed trees and crops” OR “conservation agriculture
with trees” OR “farmer managed natural regeneration” OR
homegarden OR “fodder shrub*” OR “nitrogen fixing trees” OR
“commun® forest* management” OR ((“mix* crop*” OR “multi*
crop*” OR legum* OR indigenous OR exotic OR introduc* OR
domesticat* OR farm* OR medicinal OR nut* OR fruit* OR timber*
OR nitrogen fix*) NEAR tree) OR ((“mix* crop*” OR “multi* crop*”
OR legum* OR indigenous OR exotic OR introduc* OR domesticat™®
OR farm* OR medicinal OR nut* OR fruit* OR timber* OR nitrogen
fix*) NEAR shrub) OR “tree crop interaction*” OR ((multifunction*
OR multipurpos* OR “multi functional*” OR “multi purpos*” OR
multistrata OR “multi strata”) NEAR tree*) OR ((multifunction®* OR
multipurpos* OR “multi functional*” OR “multi purpos*” OR
multistrata OR “multi strata”) NEAR shrub*) OR ((multifunction*
OR multipurpos* OR “multi functional*” OR “multi purpos*” OR
multistrata OR “multi strata”) NEAR farm*) OR ((multifunction®
OR multipurpos* OR “multi functional*” OR “multi purpos*” OR
multistrata OR “multi strata”) NEAR agr*) OR “woody perennial*”
OR “non timber forest product*” OR NTFP* OR “food forest*” OR
woodlot* OR ((tree* OR management) NEAR shad* ) OR “overstor*
tree*” OR “understor™* tree*” OR “understor* crop*” OR ((firewood
OR “fire wood” OR fuelwood OR “fuel wood”) NEAR tree*) OR
((firewood OR “fire wood” OR fuelwood OR “fuel wood”) NEAR
shrub*) OR ((firewood OR “fire wood” OR fuelwood OR “fuel
wood”) NEAR bush*) OR “boundary plant*” OR “liv* fence*” OR
“riparian buffer strip*” OR “riparian forest buffer*” OR “buffer
zone*” OR ((plant®* OR farm™* OR barrier* OR “buffer strip*”)
NEAR tree* NEAR contour) OR ((plant* OR farm* OR barrier* OR
“buffer strip*”) NEAR shrub* NEAR contour) OR “swidden
agricult*” OR silv*arable* OR “cut and carry” OR “tree belt*”)

(“climat* governance” OR “climat* chang* governance”)
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The search protocol returned 312 papers. These papers were then screened
employing the following criteria: (1) papers must be peer-reviewed; (2) papers must be
written in English; and (3) papers must be published during or after 1999, since our
focus is on contemporary literature. While it is recognised that several agroforestry
studies are performed by not-for-profit, private, and government organisations, and
that grey literature is a relevant tool for understanding information, this review’s focus
on peer-reviewed academic literature enables a discussion on the research direction
emerging within the academic field. The articles were then filtered at two different
stages of detail, each filter excluding studies that were irrelevant to the research object-
1ve. The first filter consisted of a review of each abstract, which demonstrated a clear
effort on the assessment of climate-related governance in agricultural and/or forested
landscapes, after which we obtained 192 scientific papers. The second filter consisted
of a thorough analysis of the full publication. Governance components under scrutiny
needed to be clearly stated and an agroforestry operation had to discussed. Sixty-four
papers remained after screening.

Following the final selection of papers, information was manually extracted from
articles. Qualitative synthesis of extracted features was then used to analyse patterns,
interpretations, and gap analysis. Coded features were distributed across the three
objectives of the study: (1) the state of the literature, (2) the conceptualisation of cli-
mate change governance, and (3) the challenges and effectiveness of climate change
governance within agroforestry settings (Table 3).

Table 3. Features extracted from peer-reviewed scientific journals during systematic literature review.

Research objective Extracted feature Specific categorisations
The state of the literature Year of publication Year
Journal of publication Name of journal
Academic discipline Field(s) of study relevant to the citing
journal
Location of study The country (or region) where the
study was conducted
Agroforestry system type Details of agroforestry system
mentioned
Study type Modelling, review, theoretical,
methodological, empirical
The conceptualisation of Definition Definition used or implied of
climate change governance governance
The challenges and Challenges of governance Identification and categorisation of
effectiveness of governance challenges to governance
effectiveness

Effectiveness of governance Identification and categorisation of
factors contributing to governance
effectiveness
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3. Results and discussion

This section covers the main findings of the review and discusses their implications.
The section is organised according to the objectives (Table 1).

3.1. The state of the literature

The majority of papers included in the sample were published since 2013, with 2019
and 2020 accounting for more than half of the sample (Figure 1). The literature is also
found in a diverse set of journals. There were two individual journals (Forest Policy
and Economics and Sustainability (Switzerland)) that each contained more than two
papers within the sample. In addition to these two journals, there were eight journals
that each published two papers in the sample and thirty-six journals that each pub-
lished one. While the majority of the papers were from social science (28 per cent) or
environmental science (35 per cent) journals, the journals’ foci ranged widely and
included economic and agricultural science journals.

Approximately 41 per cent of papers were review papers. However, 22 per cent
were review papers that drew on case studies to demonstrate their findings (that is,
they included case studies but did not report on specific methods for gathering data
and examining the case studies). Approximately 44 per cent were empirical papers and
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15 per cent were conceptual papers. The geographic range for empirical and review
papers using case studies was varied. However, there were considerably more papers
focused on Indonesia (z = 7) than on other countries.

3.2. The conceptualisation of climate change governance

It is important to note that, except for Kunz ez al. (2019), who define climate change
governance as the ‘purposeful mechanisms and measures aimed at steering social
systems towards preventing, mitigating, or adapting to the risks posed by climate
change’, none of the literature sampled provided a definition. The sampled literature,
rather, exhibits two main implicit conceptualisations of governance: (1) governance as
context; and (2) governance as praxis. Each has different implications for how climate
change can be addressed.

With regard to ‘context’, governance is considered part of the setting in which the
climate responsive management of the agriculture—forest interactions takes place
(e.g., Sahide et al. 2020). Thus, governance is seen largely as a structural phenomenon,
consisting of rules, regulations, regimes, and the institutional arrangements that
enable and constrain management (Jodoin 2020, Singh et al. 2020). There are clear
lines drawn between governance and management in this perspective, and sometimes
the two are cast as having an antagonistic relationship. For example, this literature
often asserts that effective sustainable land management practices like agroforestry
require converging governance structures that keep agriculture, forestry, and climate
change separate (Soto Golcher & Visseren-Hamakers 2018). However, using a ‘govern-
ance as context’ perspective may limit needed attention to the processes required to
mainstream or contextualise different management approaches in agroforestry
landscapes.

Governance as praxis moves beyond a contextual focus to include attention to
process. Governance, under this construct, still contains structural components (for
example, rules, regulations, arrangements); however, it is also active and reflexive with
a greater attention to the people or actors who are involved in governing and recog-
nising the importance of all governance levels, thus pointing to a polycentric nature
of governance (Ruseva et al. 2020). The lines between governance and management
are somewhat blurred, and the two are considered to contribute synergistically to
desired outcomes. For example, the ability to mainstream biodiversity in productive
sectors under climate change is viewed as contingent upon determining effective agro-
forestry governance networks and actor interactions related to information exchange,
finance flows, and regulation (Zinngrebe ez al. 2020).

If the paper described institutions and decision-making rules without engaging
with populations around their decision processes on natural resource management,
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then the paper was categorised as analysing governance as context. Otherwise, it was
categorised as employing the concept of governance as praxis. The latter was the most
common construct with 43 per cent of papers invoking it. Governance as context was
apparent in 36 per cent of papers. The remainder of the papers either did not invoke
either construct (that is, governance as praxis or context) or did not provide enough
information to make an adequate judgement.

3.3. The challenges of climate change governance within agroforestry settings

There were three main challenges identified through the systematic review: (1) coordinating
polycentricity; (2) overcoming power imbalances; and (3) sharing, translating, and
integrating different types of knowledge. These three challenges were each found in
approximately 70 per cent of papers. There were three other challenges identified:
(1) dealing with uncertainty about future climate or social conditions; (2) negotiating
trade-offs among different sectors or resource users; and (3) debunking persistent
problem frames. These challenges were less predominant in the literature and were
only found in between 20 and 50 per cent of papers. The most predominant challenges
are discussed further below.

The first challenge that emerged from the systematic review deals with fostering
partnerships and polycentric governance structures. Transformative climate change
adaptation by fundamentally changing the characteristics and properties of land use
through agroforestry may be discouraged by the need to involve multiple stakeholders,
sectors, and governance levels with potentially different interests (Fedele er al. 2019).
For example, in the context of REDD+ programmes in Indonesia, REDD+
institutions that have been built at the national level have not yet been realised at the
sub-national level, resulting in differences in achievement. In addition, conflicting
policies among the forestry, plantation, and mining sectors mean that agroforestry
projects supported by REDD+ often compete with other major land-based develop-
ments (Ekawati et al. 2019). On the role of the private sector, Carodenuto (2018) has
shown how these stakeholders have entered into partnerships with the government to
help the state create supply chain transparency. As a result, ‘business would simul-
taneously play the role of regulator and regulated, which may shift incentives to dilute
or generously interpret how certain aspects of zero deforestation definitions are
applied in the field’. The challenge of governance becomes fostering partnerships and
polycentric structures (for example, commodity chains, mixed management commit-
tees, etc.) that connect multiple spatial and jurisdictional scales while dismantling
perverse incentives and strengthening business and government accountability
(Delabre et al. 2020). Climate change adds urgency to the need to coordinate multiple
centres of decision-making, but also an extra dimension to the challenge. The challenge
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becomes scaling up and recognising the planetary issue of forests and climate change,
while simultaneously scaling down to empower social actors (for example, farmers
organisations) at scales relevant to them.

In addition to dealing with polycentricity, climate governance in agroforestry
settings must also—according to the sampled literature—overcome power imbalances
(Ojha 2019). For example, Delabre et al. (2020: 1-2) note how conventional approaches
to governing forests and promoting agroforestry are ‘locked-in by discursive, institu-
tional and material expressions of power premised upon an historical colonial legacy
that enables private investments in forest lands and the exploitation of forest resources
around the world’. Governance may indeed succeed in changing some of the formal
and visible institutional forms, but subtle power relations and socio-political differen-
tiations within local communities and the political arena tend to persist (Wong et al.
2019). If not part of a wider political project or empowerment, ‘technical “participa-
tory” practices may interact with existing inequalities, norms and power dynamics
and risk further disempowerment of marginalized peoples’ (Delabre et al. 2020: 7).
The challenge of governance becomes underpinning a multilevel and multidimen-
sional forest governance system by participation and deliberative processes, with
decentralisation and community empowerment being part of larger deliberative and
democratic systems.

An additional governance challenge identified within the sampled literature is
sharing, translating, and integrating different types of knowledge in governance
structures. As Zinngrebe et al (2020: 1419) point out, ‘in agroforestry systems,
mono-directional knowledge flows from technical experts to project managers and
farmers can be a barrier to innovation as collective exploration processes are needed
to find solutions responding to contexts and local perceptions’. A nuanced under-
standing of local-level dynamics and complexities involves engaging knowledge from
forest dwellers in the co-production of assessments and decisions about their implica-
tions (Delabre er al. 2020, Schroeder & Gonzalez 2019). However, forestry in some
governance systems is a ‘realm in which scientific and local knowledge systems meet
on unequal footing’ (Carton 2020: 1364). These pre-existing foci create barriers to
using plural lenses and recognising diverse indigenous, scientific, and experiential
knowledge. The challenge of governance becomes developing suitable processes for
engaging with diverse sources and types of knowledge.

3.4. The effectiveness of governance

The literature we reviewed recognised six factors contributing to governance
effectiveness in making progress towards addressing the main challenges highlighted
above: (1) science—policy integration, (2) context fit, (3) supportive agroforestry
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governance networks, (4) reciprocal exchanges of information (both between actors
and between political levels), (5) strong and accountable business and government
leadership, and (6) diverse and inclusive co-creating mechanisms that account for
heterogeneity at community level. These notions of effectiveness were usually seen as
cross-cutting in relation to the challenges identified. The most predominant factor
was policy and science integration, which was apparent in approximately 80 per cent
of the papers, followed by context fit, which was apparent in 70 per cent. The other
four factors were all similarly predominant and apparent in approximately 30-60 per cent
of papers. Only the two most predominant notions of effectiveness will be discussed
in detail below.

The fragmentation of governance processes (vertically and horizontally) for
agroforestry was a strong barrier for mainstreaming biodiversity into productive
sectors. With the prospect of new finance opportunities from sustainable value chains
or international finance instruments, such as REDD+, possible incentives for agro-
forestry will depend on the coordination of climate and biodiversity policies, as well
as the integration of institutional settings within existing governance structures while
reducing administrative hurdles (Zinngrebe et al. 2020). In the case of governance
systems dominated by one regime, as is the case in climate change, integration might
have greater potential outside the intergovernmental regime through soft law
approaches (Soto Golcher & Visseren-Hamakers, 2018).

Science—policy integration usually refers to the use of scientific knowledge when
making policy. A key ingredient of successful science—policy integration appears to be
a focus on interdisciplinary or transdisciplinary science, which facilitates access to
diverse forms of knowledge. As Delabre et al. (2020: 7) articulate, ‘this unity between
science, indigenous knowledge, gendered understandings of forest politics and other
alternative voices in proactive (counter)action provides opportunities for weakening
the perpetuation of dominant myths (of sustainable forest governance) by allowing
for a variety of values, knowledges and cultures to inform forest policy’.

We refer to context fit as the ability of governance to account for the socio-ecological
characteristics, processes, and dynamics of the agroforestry systems being influenced
by governance. Within the literature, context fit usually involves developing and
enforcing progressive laws and regulatory frameworks suited to context (Delabre et al.
2020) and recognising traditional indigenous ontologies of territoriality (Schroeder &
Gonzalez 2019). However, the ability of governance to achieve context fit is often
constrained by pre-existing institutional capacity and social conditions, such as
existing jurisdictions or sector-based management. Further empirical work is needed
on the role of agroforestry governance networks in linking and balancing different
types of context knowledge, and how these relate to governance effectiveness under
conditions of change (Hasnaoui & Krott 2019).
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4. Conclusions

The literature on climate change governance across agroforestry systems has flourished
over the last couple of years. This literature has been found in a number of interdiscip-
linary journals. Governance is conceptualised mostly as praxis, but also commonly as
context. Coordinating polycentricity, overcoming power imbalances, and sharing,
translating, and integrating different types of knowledge are the most commonly
found governance challenges within the literature, while the need for science—policy
integration and context fit are the most commonly cited elements of effective
governance.

Currently, few papers treat governance of agroforestry systems—as transformative
adaptations to climate change—as theory (that is, a set of propositions and hypotheses
to be empirically tested), and there is no unique or distinct definition of governance in
this context. This points to a need to develop a richer conceptual framework of
governance that accounts for the direct social and ecological linkages and feedbacks
between restructured livelihood activities and multi-scale environmental and socio-
economic realms. Ongoing conceptual development in the areas of institutional
adaptation, agroforestry governance networks, and social-ecological fit may be
sources of innovation to foster meaningful and beneficial governance in this context.

This article has shown that the imperative to catalyse more effective and adaptive
forms of governance is increasingly evident. Governance is an important component
of our ability to navigate transformative adaptation to rapid social and environmental
change, and developing a more in depth and appropriate understanding of govern-
ance of agroforestry systems is crucial to promoting sustainability as we negotiate
current and future change.
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