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Executive Summary
It is generally accepted that agriculture is a major driver of climate change as well as being acutely challenged to adapt to 
its effects. Agroecological approaches involve the application of integrated ecological, economic and social principles to 
the transition of smallholder farming systems, towards greater resilience.  This involves adapting 13 generic agroecological 
principles to local circumstances.  The principles include: diversification, recycling, and better connecting producers and 
consumers. Adaptation is done by scientists working closely with farmers and other stakeholders to co-create concrete, 
demand-led solutions to pressing problems as they are experienced locally rather than through imposing externally 
prefabricated solutions that may not be locally appropriate.

Agroecology comprises transdisciplinary science; sustainable agricultural practices; and, social movements that are 
precipitating widespread behaviour change. Agroecological principles map closely to principles of adaptation with the notable 
exception that while they often exhibit resilience benefits, these are incidental rather than representing an explicit response to 
climate signals. Current market failures (for example not costing pollution nor valuing the maintenance of soil organic carbon); 
and, perverse policy incentives (for example subsidizing use of artificial fertilizers and pesticides) combine to mitigate against 
decisions for farmers and other food system actors to adopt agroecological approaches despite their benefits for climate 
resilience. 

Agroecology manifests at field, farm and landscape scales, for which different metrics of agricultural performance are relevant 
in order for agroecological practices to be fairly judged against alternatives. Operationalising new and holistic performance 
metrics for agriculture will require innovation in both public and private (value chain) sector governance.

There is extensive experience of agroecological practices contributing to addressing specific climate change effects, such as: 
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principles to agriculture to ensure a regenerative use of 
natural resources and ecosystem services.  Agroecology 
also embraces social and cultural aspects in developing 
equitable food systems within which all people can 
exercise choice over what they eat, and how and where it 
is produced. To this end, agroecology combines science, 
practice, and social movements that complement each 
other, although it is not inevitable that they remain in step 
with one another. 

Environmental and societal drivers have led to an 
increasing moralization of debates around food. On the 
one hand, this creates an imperative for policy makers 
to act and, on the other hand, makes it more difficult for 
policy to be based on evidence, as opposed to evaluation 
of competing convictions. Agroecological principles that 
underpin food system transitions include both normative 
elements (e.g., they should be equitable) and causative 
elements (e.g., more diverse farming systems are more 
resilient). It is necessary to clarify, on the one hand, the 
normative assertions that should underpin the transition 
to more resilient farming and, on the other, the causative 
mechanisms that can bring it about.

This background paper explores these issues, highlighting 
scalable practices that enhance adaptive capacity of farms 
and the methods required for their successful scaling. 

1. Introduction 
This background paper focuses on the role that 
agroecological approaches can play in making food systems 
more agile in adapting to climate change as planetary 
boundaries are reached and exceeded, with a focus on the 
field and the farm scales, but recognizing key interactions 
with the landscape and food system scales. It highlights how 
agroecological practices on farms can enable adaptation, 
and what is required to scale these up to levels capable of 
reconciling the UN Sustainable Development Goal 2 (SDG 2), 
to end hunger, with SDG 15, to do so while enhancing rather 
than further depleting natural capital.

It is now widely recognized that a major transformation of 
food systems is needed to achieve food and nutrition security 
globally in the context of a changing climate, and that this 
will profoundly affect what people eat, as well as how it is 
produced, processed, transported, and sold. Bringing about 
such transitions to more sustainable and democratic 
agricultural systems that reconcile human and environmental 
health with social justice and, hence, are resilient, will not 
happen without major shifts in public policies and private 
sector contributions to the governance of value chains at 
international, national, and local levels, as well as the active 
encouragement of innovation across these scales. 

Agroecology is increasingly seen as being able to contribute 
to transforming food systems by applying ecological 

contour hedgerows to reduce soil erosion caused by more intensive rainfall; shade trees to mitigate higher temperatures for 
crops as diverse as coffee, wheat and rice; and, encouraging optimum landscape level tree cover to realise nutritional benefits 
through increasing diversity of the diets of women and children and groundwater recharge. But, the largest contribution that 
agroecology makes to adaptation is often through better management of interactions at livelihood scales, conferring income 
and food security benefits. Robust evidence of the cost-effectiveness of agroecological practices vis-à-vis alternatives is 
lacking and collecting it is of urgent importance.

Despite an uneven playing field, there are examples of agroecology being adopted at scale. These include: farmer managed 
natural regeneration that is precipitating the regreening of parts of the Sahel in Africa, agroecological response to the newly 
arrived fall army worm epidemic in Africa, state level sponsorship of agroecology in Andhra Pradesh in India and policy change 
in Peru, France and Switzerland to support land restoration and biodiversity conservation.

Agroecological approaches have proven ability to simultaneously address specific climate hazards, enhance the resilience of 
farming systems to climate change and to improve the flow of a range of ecosystem services. They will only be widely adopted 
if actions are taken to level the playing field in respect of enabling policies, the collection of evidence and consumer choice. 
These actions need to be coupled with moving away from simplifying landscapes to embracing complexity, addressing option 
by context interactions and enabling integration both vertically (across scales) and horizontally (across sectors) to deliver a 
conducive environment within which agroecological approaches can co-exist alongside alternatives.
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2. What is Agroecology?
Agroecology, at its most basic, is the application of 
ecological principles in agriculture. This is a complex 
concept, however, because both agriculture and ecology 
are dynamic fields, undergoing rapid change in response 
to mounting evidence that the global food system 
is unsustainable because agriculture, as currently 
practiced, is a major driver of climate change1 and the 
breaching of other planetary boundaries.2  Ecology refers 
both to a scientific discipline3  and to political movements 
concerned with protection of the environment.4 

Agriculture is a subject focus rather than a scientific 
discipline, encompassing the set of practices through 
which people produce food to which various scientific 
disciplines are applied.5  Agroecology encompasses all of 
this complexity.

Although ecological science began as a subdivision 
within biology, it has more recently emerged as an 
interdisciplinary field with many different branches, 
including political ecology,6  many of which link biological, 
physical, and social sciences. Agriculture is also evolving, 
with an increasing realization that it is often not useful 
to separate production of food from other aspects of 
whole agri-food systems7  that embrace the production 
and consumption of food and all that is involved between 
these two events along food chains.8 This includes 
considering the multifunctionality of agriculture with 
respect to the full range of ecosystem services, such 
as water yield and quality, pollination, and biodiversity 
conservation, as well as food production, that are derived 
from agroecosystems.9 

These trends in ecology and agriculture come together 
in an emerging transdisciplinary focus on understanding 
and managing coupled social-ecological systems.10 A key 
reason agroecology is gaining traction in the discourse 
on adaptation is that it is perceived to bridge ecological 
and social dimensions associated with development of 
resilient food systems in the face of climate and other 
global change.11  Today, agroecology embraces science, 
a set of practices, and a social movement,12 as well as 
the integration of these three elements to design and 
implement more sustainable food systems. In practice, 
the three elements may not always be in step with one 
another, and tensions between science, on the one hand, 
and agroecological practice and social movements on 

the other, reveal a need for particular attention to be paid 
to the axiomatic agroecological principle of co-creation of 
knowledge (Box 2 and Figure 1).

2.1 Agroecological Science
The term “agroecology” first appeared early in the twentieth 
century to designate the application of ecological 
methods and principles in agricultural sciences.13 In the 
1950s and 1960s, Tischler published several articles on 
agroecological research, analyzing plants, animals, soils, 
climate, and their interactions, as well as the impact 
of human management on them.14 The concept of 
“agroecosystem,” considered as a domesticated, human-
managed ecosystem, was introduced by Odum in 1969.15 
Agroecology began to move beyond the field and farm 
scales to embrace whole agroecosystems two decades 
later,16  with important contributions emphasizing 
intercultural processes for constructing agroecological 
knowledge that included local knowledge.17 

Building on these developments, Altieri defined 
agroecology as “the application of ecological concepts 
and principles to the design and management of 
sustainable agroecosystems,”18 also reflected by the 
Food and Agriculture Organization (FAO) in stating that: 
“Agroecological innovations apply ecological principles 
– such as recycling, resource use efficiency, reducing 
external inputs, diversification, integration, soil health and 
synergies, for the design of farming systems that strengthen 
the interactions between plants, animals, humans and the 
environment for food security and nutrition.”19

The focus of agroecology was further broadened to include 
a food systems focus a few years later,20 encompassing 
alternative and local food networks, consumer-producer 
relationships, social agricultural networks, agri-food 
systems, food markets, and food procurement, leading 
to “an integrated discipline that includes elements 
from agronomy, ecology, sociology and economics.”21 
Agroecology has since gone beyond an interdisciplinary 
approach22 to embrace a transdisciplinary focus, seeking 
transformative solutions to real-world problems in the 
development of sustainable food systems, while striving 
towards inclusive engagement of all stakeholders in 
knowledge generation.23  
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BOX 1 Transdisciplinary Science

The High Level Panel of Experts on Food Security and Nutrition (HLPE)24 describes transdisciplinary science (after 
Russel et al. 2008)25 as having:   

•  A problem focus (research originates from and is contextualized in “real-world” problems); 

• An evolving methodology (the research involves iterative, reflective processes that are responsive to the particular 
questions, settings, and research groupings involved); and 

• Collaboration, including among transdisciplinary researchers, disciplinary researchers, and external actors with 
interests in the research. 

pest control, improvement of soil structure and health, 
biological nitrogen fixation, and the recycling of 
nutrients, energy, and “waste” as inputs to the production 
process.30 Some of these practices have already been 
applied to varying extents in different parts of the world 
for decades, while others have been more recently 
developed with limited adoption to date.31  

2.3 Social Movements
Agroecosystems, by definition, include the human 
communities that shape them, hence social and 
political dynamics are inevitably a central concern in 
agroecology.32   Agroecological approaches have often 
arisen in response to agrarian crises, and in concert 
with broader efforts of social movements to initiate 
widespread change.33 Agroecology has become the 
political framework under which many social movements 
and peasant organizations around the world defend 
their collective rights, and advocate for a diversity of 
agriculture and food systems practiced by small-scale 
food producers in different places.34 

These social movements advocate for a strong 
connection to be made between agroecology, the right 
to food, food sovereignty, and environmental integrity. 
Food sovereignty is a broad concept focused on people’s 
right to control who produces food and how, and what 
kind of food is produced. In February 2015, diverse 

2.2 Agroecological Practice
Partly in response to concerns about the effect 
agriculture was having on wildlife and the environment 
generated by Rachel Carson’s book Silent Spring,26 
a set of agroecological practices emerged, aiming 
to move away from an “industrial agriculture model,” 
dominated by large-scale specialized farms, relying 
heavily on fossil fuel and external artificial inputs, 
toward more environmentally friendly and sustainable 
agricultural systems, optimizing the use of biological 
processes and ecosystem functions.27  The approach 
was summarized by Altieri, as designing complex and 
resilient agroecosystems that, by “assembling crops, 
animals, trees, soils and other factors in spatially and 
temporally diversified schemes, favor natural processes 
and biological interactions that optimize synergies so 
that diversified farms are able to sponsor their own soil 
fertility, crop protection and productivity.”28  

There is no definitive set of practices prescribed as 
agroecological.29  It is easier to discuss practices as 
being more or less agroecological, depending on the 
extent to which they make use of ecological processes 
as opposed to external inputs; they are equitable, 
environmentally friendly, locally adapted and owned; 
and they are integrated within a systems approach, 
rather than focusing on single measures. Agroecological 
farming emphasizes diversification, mixed cultivation, 
intercropping, cultivar mixtures, habitat management 
techniques for crop-associated biodiversity, biological 
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social movements and organizations, representing 
small-scale food producers, gathered in Nyéléni, Mali, for 
an International Forum on Agroecology.35 In their final 
declaration, they consider “agroecology as a key element 
in the construction of food sovereignty.” For them, 
agroecology is not only “a narrow set of technologies” 
but, above all, a political struggle, requiring people to 
“challenge and transform structures of power in society,” 
addressing power imbalances and conflicts of interest, 
in order to “generate local knowledge, promote social 
justice, nurture identity and culture, and strengthen the 
economic viability of rural areas.” 

Social movements are equally important with respect 
to climate change, both regarding calling for action to 
address the current climate crisis, such as Extinction 
Rebellion,36  and in protesting against the impacts of 
mitigation measures on people’s immediate livelihoods, 
such as the Gilet Jaunes phenomenon.37 

2.4 Principles of Agroecology
Many publications have articulated agroecological 
principles in different ways and these have been 
summarized by Nicholls et al. (2016) and more recently 
by the FAO and by the Coopération pour le Développment 
et la Solidarité (CIDSE).38  These principles cover 
agricultural and ecological management of agri-food 
systems, as well as some wider ranging socio-economic, 
cultural and political principles that have emerged 
recently from the activity of social movements. HLPE, in 
consolidating these multiple sources, defined principles 
as “statements that form a basis for a system of belief 
or reasoning that guide decisions and behavior,” and 
distinguished normative principles that assert values 
(e.g., food systems should be equitable) from causative 
principles that explain relationships (e.g., more equitable 
food systems are likely to be more sustainable).39 In 
either case, to be useful, they need to be fully explicit 
rather than retaining any ambiguity. 

On this basis, a consolidated set of thirteen key 
agroecological principles were proposed (Box 2) 
that relate quite closely to the FAO’s 10 elements of 
agroecology,40 but are finer grained to conform with the 
requirement of being explicit. 

Clearly there are linkages among these principles. For 
example, the greater functional biodiversity there is 
(Principle 5), the more scope there is for both enhancing 
positive ecological interactions through synergy 
(Principle 6) and promoting economic diversification 
(Principle 7), as shown in Figure 1 below, and explored 
in more detail in the next section on how agroecology 
generates adaptation benefits. 

Co-creation of knowledge is a central principle that 
underpins all the others, because it defines the legitimacy 
of agroecology developing in different ways in different 
localities as a result of local knowledge and experiential 
learning, in line with cultural and ecological specificities 
associated with different people and places. It is a 
notion that recent shifts in global scientific thinking are 
also trying to grapple with, through adopting an options 
by context paradigm in agricultural research that aims to 
achieve development outcomes.42   

This explains the absence of a prescriptive set of 
agroecological practices, with agroecology instead 
being defined by a generic set of principles that may 
be applied variously in different locations by different 
people, resulting in a rich variety of locally adapted 
practices (as illustrated in Table 1). This flexibility of 
approach enhances the ability of agroecology to build 
climate resilience.43  

Adapting generic principles to local context through 
co-learning, rather than promoting prescribed practices 
or technology, results in concrete practices suited to 
local circumstances and enables a demand-driven 
development agenda. The difference is analogous to 
that between manufacturing concrete items centrally 
and then distributing the same items to many people 
and places, as opposed to disseminating cement that is 
then mixed locally to manufacture concrete items that 
suit the people at each location. 

The latter is more efficient where the suitability of 
items is heavily context-dependent, as for agricultural 
practices.44  Where there are no practices that are suitable 
for particular contexts (people and places) a demand 
is created for innovation to address specific needs, 
generating a demand-driven development agenda. 45 
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13 PRINCIPLES OF AGROECOLOGY

Preferentially use local 
renewable resources and 
close, as far as possible, 
resource cycles of 
nutrients and biomass.

RECYCLING 1

 INPUT REDUCTION

Reduce or eliminate 
dependency on 
external inputs.

Secure and enhance soil 
health and functioning 
for improved plant 
growth, particularly by 
managing organic matter 
and by enhancing soil 
biological activity.

SOIL HEALTH 3

Ensure animal health 
and welfare.

ANIMAL HEALTH 4

BIODIVERSITY

Maintain and enhance 
diversity of species, 
functional diversity and 
genetic resources and 
maintain biodiversity in the 
agroecosystem over time 
and space at field, farm, 
and landscape scales.

SYNERGY

Enhance positive 
ecological interaction, 
synergy, integration, and 
complementarity among 
the elements of 
agroecosystems (plants, 
animals, trees, soil, water).

6

ECONOMIC DIVERSIFICATION

Diversify on-farm 
incomes by ensuring 
small-scale farmers have 
greater financial 
independence and value 
addition opportunities 
while enabling them to 
respond to demand from 
consumers.

7

CO-CREATION OF KNOWLEDGE

Enhance co-creation 
and horizontal sharing 
of knowledge, including 
local and scientific 
innovation, especially 
through farmer-to-farmer 
exchange.

8

SOCIAL VALUES AND DIETS

Build food systems 
based on the culture, 
identity, tradition, social 
and gender equity of local 
communities that provide 
healthy, diversified, 
seasonally, and culturally 
appropriate diets.

9

FAIRNESS

Support dignified and 
robust livelihoods for all 
actors engaged in food 
systems, especially 
small-scale food producers, 
based on fair trade, fair 
employment, and fair 
treatment of intellectual 
property rights.

10

CONNECTIVITY

Ensure proximity and 
confidence between 
producers and consumers 
through promotion of fair 
and short distribution 
networks and by 
re-embedding food systems 
into local economies.

11

LAND AND NATURAL 
RESOURCE GOVERNANCE

Recognize and support  
the needs and interests   
of family farmers, 
smallholders, and peasant 
food producers as 
sustainable managers  
and guardians of natural 
and genetic resources.

PARTICIPATION

Encourage social 
organization and greater 
participation in 
decision-making by food 
producers and consumers 
to support decentralized 
governance and local 
adaptive management of 
agricultural and food 
systems.

2

5

12

13

BOX 2 Principles of Agroecology 

Source: Based on the three principal contemporary sources in the HLPE 2019 and synthesized for the purposes of this report.41 
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SYNERGY

LEVEL 5

Build a new global food 
system based on 
participation, localness, 
fairness, and justice

LEVEL 4

Reconnect consumers and 
producers through the 
development of alternative 
food networks 

LEVEL 2

Substitute conventional 
inputs and practices with 
agroecological alternatives

LEVEL 1

Increase efficiency of input 
use and reduce use of costly, 
scarce or environmentally 
damaging inputs

LEVEL 3

Redesign agroecosystems

CO-CREATION 
OF KNOWLEDGE

PARTICIPATION
SOCIAL VALUES 
AND DIETS

ECONOMIC 
DIVERSIFICATION

LAND AND 
NATURAL 
RESOURCE 
GOVERNANCE

INPUT 
REDUCTION

SOIL 
HEALTH

CONNECTIVITY

ANIMAL 
HEALTH

FAIRNESS

RECYCLINGBIODIVERSITY

FIGURE 1  Five Levels of Transition to Agroecological Function at Agroecosystem and Food System Scales

Source: Adapted from Gliessman 2016 and HLPE 2019.47  

Notes: Five levels of transition (1–2 incremental; 3–5 transformational) to agroecological function at agroecosystem (levels 1–3) and food system 
scales (levels 4–5), after Gliessman (2016) with the agroecological principles involved (see Box 2) adapted from HLPE (2019).48  Arrows show 
major linkages among principles. Co-creation of knowledge underpins all other principles. 

2.5 Transitions to More Sustainable  
Food Systems 
A key consequence of defining agroecology in terms of the 
application of principles, rather than as a set of practices, is 
that this implies that their application will result in changes to 
the agricultural and food systems to which they are applied. 
This is in line with the emerging consensus that there is an 
urgent imperative to transform current food systems (in 
terms of what people eat and how it is produced, stored, 

transported, processed, and sold) to bring food production 
in line with demand and the capacity of the planet to produce 
and absorb pollution and waste. This leads to a recognition 
that as different agroecological principles are applied, different 
levels of transition will occur,46   involving either incremental or 
transformational change, depending on which principles are 
involved and at what scale they operate (Figure 1). 
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• Adaptation is the process of adjustment to actual or expected climate and its effects. In human systems, 
adaptation seeks to moderate or avoid harm, or exploit beneficial opportunities.

• Resilience is the capacity of social-ecological systems to cope with a hazardous event, trend, or disturbance, 
responding or reorganizing in ways that maintain the systems’ essential function, identity, and structure while 
also maintaining the capacity for adaptation, learning, and transformation. 

BOX 3 Definitions of Adaptation and Resilience

3. How Does Agroecology Contribute to Climate Change Adaptation?
Adopting Intergovernmental Panel on Climate Change (IPCC)49  definitions of the related concepts of adaptation and 
resilience   (Box 3), three key dimensions of adaptation can be drawn out. These are:

• Resilience, the ability to withstand climate impacts (shocks caused by extreme events) with more resilient        
agricultural systems clearly being better adapted;

• The process of adaptation (adjusting in response to a changing environment); and 

• The state of “being adapted”, the extent to which an agricultural system is well suited to current conditions,              
including the current uncertainty, which tends to increase as climate variability increases.

Source: Adapted from the IPCC 2014.50 

In implementing policies and actions to achieve adaptation, these three dimensions become entangled with other societal 
values, such as a desire for equity, also evident in the principles of agroecology (Figure 2). In the same way that agroecological 
principles overlap to some extent, but also differ from those of alternative approaches to agricultural improvement, the 15 
generic adaptation principles in Figure 2 represent one approach,51   and should therefore be seen as illustrative rather than 
definitive. Both the agroecological and climate adaptation principles are also related to the seven conclusions of a policy 
brief on agriculture and climate change prepared to inform the United Nations Framework Convention on Climate Change 
(UNFCCC).52  

The relationships evident in the diagram illustrate that most of the agroecological principles contribute to adaptation and 
that most adaptation principles are reflected in the agroecological principles. There are two key exceptions to this. Firstly, the 
agroecological principles do not explicitly encompass consideration of projected climate change. This is consistent   with 
agroecological approaches often leading to unplanned climate adaptation benefits, while suggesting that incorporating more 
explicit consideration of climate change in the design of agroecological practices might enhance adaptation outcomes. Secondly, 
there is a potential antagonism between agroecological principle 11, related to better connecting producers and consumers 
and shortening supply chains, and conclusion 7 of the policy brief, which points to the use of trade to smooth out food 
distribution. There is need for careful consideration of the relative importance accorded to these alternative approaches and 
the contexts in which they are, and are not, relevant. 



The Contribution of Agroecological Approaches to Realizing Climate-Resilient Agriculture      9

Use systems thinking.

Match the scope of 
planning to the 

magnitude of projected 
change.

Decide with, not for.

Consider projected 
climate conditions.

Aim for robust 
decisions and policies.

Create opportunities to 
revise and change 

course.

Ensure that the costs 
of responding to 

climate change and the 
benefits of 

resilient-building are 
equitably shared.

Minimize harm and 
maximize options.

Equip and empower 
local experts.

Maximize transparency, 
accountability, and 

follow-through.

Weed out 
maladaptation, both 

existing and proposed.

Consider the 
costs of inaction.

Work to protect what 
people cherish.

Reflect a long-term vision.

Appreciate limits to adaptation 
and push mitigation.

RECYCLING 1

 INPUT REDUCTION 2

SOIL HEALTH 3

ANIMAL HEALTH 4

BIODIVERSITY 5

SYNERGY 6

ECONOMIC 
DIVERSIFICATION

7

CO-CREATION OF 
KNOWLEDGE

8

SOCIAL 
VALUES AND 

DIETS

9

FAIRNESS 10

CONNECTIVITY 11

LAND AND 
NATURAL RESOURCE 

GOVERNANCE

12

PARTICIPATION 13

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Transformation of agriculture to meet 
growing demand for food provides 
opportunities to build synergies and 
manage trade-offs across the multiple 
objectives of food security and climate 
change adaptation and mitigation.

1

Lower emissions options that do not 
compromise development and food 
security goals are possible.

2

Integrated approaches will help 
consolidate multiple goals within 
broader efforts to manage land.

3

Strengthening exisiting agricultural 
monitoring and evaluation systems is 
essential to implementing effective 
climate response measures and for 
performance and benefit 
measurements.

4

Early action can build confidence,
capacity and knowledge.5

Finance, technology, and capacity 
building are essential to motivate large- 
scale adaption efforts and emissions 
reductions from the agricultural sector.

6

From a food accessibility and 
availability perspective, agricultural 
trade offers the potential to balance 
productivity losses and offset shifts in 
production patterns.

7

FIGURE KEY 

Solid lines and arrows represent 
direct connections.

Dotted lines and arrows represent 
partial correspondence.

Solid lines and arrow with an ‘x’ 
represents antagonistic relationships 
among items.

CONCLUSIONS FROM UNFCCC PRINCIPLES OF AGROECOLOGY PRINCIPLES OF ADAPTATION 

FIGURE 2 Correspondence between Principles of Agroecology and Climate Adaptation

Source: Developed by the authors. 

Notes: Linkages among 13 principles of agroecology (from Box 1) on the left-hand side, 15 general principles of adaptation in the center,53 and seven 
conclusions of a policy brief on agriculture and climate change prepared to inform UNFCCC on the right hand side.54   
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Typical climate change adaptation options in        
agriculture include:55 

• Use of different varieties or species; 

• New cropping practices, (e.g., different timing of 
planting); 

• Greater use of water conservation and management 
technologies; 

• Diversification of on-farm activities; 

• Enhancement of agrobiodiversity; 

• Adapted livestock and pasture management; 

• Improved management of pests, diseases, and weeds; 
and 

• Better use of short-term and seasonal climate 
forecasting to reduce production risks.

All but the last of these are encompassed by agroecological 
practices (see Table 1 below), and forecasting could equally 
well be applied to enhance agroecological or other types of 
farming. 

With respect to the use of different crop species and 
varieties, there are differences in emphasis between 
agroecological approaches and the use of modern 
breeding and biotechnologies, such as genetic engineering. 
Concerns among proponents of agroecology about the 
use of modern biotechnologies center more on how the 
technologies are used and controlled than on the nature 
of the technologies themselves.56 The present power 
asymmetry in the agricultural and food sectors among 
large corporations and smallholder farmers results in the 
application of biotechnologies often being incompatible with 
agroecological principles. Many modern varieties resulting 
from conventional breeding are adapted to monoculture. 

Participatory varietal selection, and breeding for 
performance in more diverse cropping contexts, may yield 
varieties better adapted for use in agroecological practices 
than those that do well in monoculture. For example, maize 
yield was increased by 30 percent in the mid-hills of Nepal 
through participatory varietal selection.57 There, the maize 
was relay-cropped with millet on terraces with fodder trees 
on crop terrace risers. These fodder trees compete with the 
crop but are essential for feeding animals in the dry winter, 

hence ensuring provision of dung to fertilize crops. The 
better performing variety in this context had longer roots 
than the varieties it came to replace.58 

Clearly, where crop breeding is directed at aims compatible 
with agroecology, including performance in diverse niches, 
and with respect to pest and disease resistance, as well 
as tolerance of drought and waterlogging, and where it is 
participatory, it can be an important aspect of agroecological 
improvement. In some cases, reverting to traditional varieties 
better adapted to climate variability59 confers advantages or 
represents a more appropriate starting point for breeding 
and selection than do modern varieties.   

There has often been recognition that adaptation benefits 
from agroecology may arise either directly from practices 
that improve the performance of agriculture in relation to 
particular hazards arising from climate change, or through 
less direct effects of system integration, resulting in more 
resilient landscapes and livelihoods.60 This dichotomy, 
however, is problematic for two reasons. Firstly, by referring 
to direct and indirect benefits, there is a suggestion that the 
direct benefits may be more important, tangible, or of larger 
magnitude than indirect ones, although the converse is often 
the case: synergistic effects at system level are often more 
significant than those of individual practices. Secondly, it 
obscures the change in nature of adaptation benefits at 
different scales (field, farm, landscape, and food system), all 
of which involve integration at a specific scale. 

To avoid such a dichotomy, adaptation benefits of 
agroecology are categorized in this background paper as 
those occurring at four scales. Each scale of integration 
can be associated with performance metrics and related 
to public and private sector governance mechanisms 
and behavior that can influence outcomes (Figure 3). 
Agroecological practices are currently undervalued 
because the externalities associated with alternatives (e.g., 
pollution, land degradation, and reduction in pollinators) 
are generally not taken into account by the performance 
measures used for agricultural systems. A key requirement 
for agroecological practices to be fairly evaluated against 
alternatives is the adoption of comprehensive performance 
metrics that take all of the impacts of agriculture into 
account (i.e., environmental, social, and economic). 
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LEGISLATION, TAXES, INCENTIVES, REGULATION
POLICIES AND INSTITUTIONS (PUBLIC SECTOR GOVERNANCE)

CURRENT AND 
FUTURE CLIMATE 
VARIABILITY AND 

UNDERLYING 
CLIMATE CHANGE

FOOD AND 
NUTRITION 
SECURITY AND 
WELLBEING

Agroecological 
practices (some 

targeting 
particular climate 

hazards) with 
performance 

measures related 
to purpose 

evaluated across 
contexts 

Farm scale 
integration
(total factor 

productivity and 
resilience of 
livelihoods)

Landscape scale 
integration 

(provision of 
multiple 

ecosystem 
services – land 
equivalent ratio 

multifunctionality 
metric)

1

2
3

SOCIAL-ECOLOGICAL SYSTEMS AT NESTED SCALES

VALUE CHAIN DEVELOPMENT (PRIVATE SECTOR GOVERNANCE)
VALUE CHAIN UPGRADING, CERTIFICATION, IMPACT INVESTMENT

CIVIL SOCIETY

Food system 
scale integration 
(from production 

through to 
consumption – 

ecological 
footprint)

4

FIGURE 3 Framework for Understanding Agroecological Adaptation to Climate Change across Scales and How 
It Is Influenced by Public and Private Sector Governance

The four scales of integration that interact with one another 
are as follows:

• At field scale, specific agroecological practices that may 
improve agricultural performance with respect to climate 
change include shade trees buffering rising temperatures 
to stabilize yield of crops like coffee,61 and increasing 
the yield of food staples through lowering daytime 
temperatures and reducing heat stress;62 diversity, 
increasing resilience of crops to climate-induced pest 
and disease pressures;63 or increased soil carbon and 
mulch associated with increased water infiltration and 
holding capacity and reduced evaporation, improving 
resilience of crops to drought.64 

• At farm (or livelihood) scale, the integration of 
agroecological practices within farms may improve 
the Total Factor Productivity (TFP) and resilience of 
livelihoods. TFP has often been applied at national level 
as the ratio of aggregate output, for example, Gross 
Domestic Product (GDP) to aggregate inputs (of labor 

and capital), with the growth in output not explained by 
increased input, representing an increase in economic 
efficiency.65 Applied to livelihoods, with appropriate 
measures of aggregate output and input, change in 
TFP measures whether livelihoods are improving or not 
across all dimensions.                   

This often involves management of interactions among 
system components. For example, increased tree 
cover on farms in Ethiopia allows farmers to produce 
firewood on their farms to burn as fuel instead of dung, 
which can then be returned to fields to fertilize crops. 
The dung increases  yield while, at the same time, the 
labor required to collect firewood is reduced,  which can 
then be re-directed to other opportunities to improve 
livelihood resilience (Figure 4 and Table 2).   

• At landscape (or community) scale, integration of 
agroecological practices across landscapes enables 
management of the provision of a range of Ecosystem 
Services (ES) that confer resilience, as measured by 

Source: Developed by the authors.                                                                                                                                                                                               
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the plot to landscape scale metric for multifunctional 
land use, the Land Equivalent Ratio Metric (LERM).66  
A key bottleneck is that there are often neither policy 
instruments nor social capital present at the local 
landscape scales at which key ES, such as water yield 
and quality or habitat provision, first manifest and so can 
be managed.67 Where landscape level management for a 
range of ES is implemented, there are clear implications 
for field and farm level agricultural practice and strong 
interactions across farm and landscape scales. 
These interactions are two-way, both in terms of how 

PLOT-TO-LANDSCAPE SCALE METRIC FOR MULTIFUNCTIONAL LAND USE (LERMS)

Societal weighting 
of provisioning (P) 

services

Societal weighting 
of regulating (R) 

services

Societal weighting 
of cultural (C) 

services

Current vs reference 
services per unit 

land

Current vs reference 
services per unit 

land

Current vs reference 
services per unit 

land

BOX 4 Landscape Scale Metric for Multifunctional Land Use

Source: van Noordwijk et al. 2018.72 

 
The first two of these scales (field and farm) are further elaborated below, while integration at landscape and food system 
scales are the subject of complementary background papers.

farmers view and influence landscape scale measures, 
such as the exclosure of land to foster restoration,68 

and conversely, how actions to manage ES, such as 
hedgerows or buffer strips to regulate water flow and 
provide flood protection,69 may have differential value 
across landscapes,  and hence for different farmers.70 

• At food system scale, agroecological approaches 
connect production and consumption to deliver 
sustainable, climate-adapted whole food systems, as 
measured by their ecological footprint.71 
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3.1 Field Level Practices 
A  compelling illustration of how adoption of individual 
agroecological practices can operate to improve farm-
level adaptation to climate change is a recent inventory of 
agroecological practices for Africa and their contribution to 
climate adaptation.73 Global warming is expected to proceed   
more rapidly on the African continent than elsewhere, with 
changes more pronounced for arid regions in the North and 
South than in humid central Africa.74 The key combined 
effects of rising temperatures, increasingly variable and 
unpredictable rainfall, and higher frequency of extreme 
weather events, such  as droughts and floods that farmers 
are already having to adapt to, include: 

• Reduced access to water; 

• Shorter growing seasons; 

• Longer water deficit periods during crop growth 
(increased number of days without rain combined with 
higher potential evapotranspiration); 

• Reduced availability and nutritional quality of animal 
fodder at key times; and

• Accelerating land degradation (because of higher 
temperatures) and changes in the distribution of insects 
and pathogens.75 

Debray et al. (2019) focused on agropastoral land use in 
semiarid Africa and mixed-crop-livestock production in 
subhumid areas.76  They used a combination of interviews 
with experts in African and French non-governmental 
agricultural organizations, and extensive literature review, 
to evaluate the contribution to climate adaptation of 
agroecological practices in use by farmers. These were 
mainly concerned with soil and water management, but 
also included diversification of production, pest and disease 
control, and livestock management (Table 1). They identified 
seven categories of agroecological practices contributing to 
adaptation that were related to:

• Preventing land degradation; 

• Improving soil health; 

• Better water management;  

• Diversifying production;  

• Adaptive crop management; 

• Pest and disease control; and 

• Managing livestock. 

Key findings were that practices, even if not specifically 
implemented in response to climate change impacts, 
nevertheless contributed to adapting to either reduced or 
more variable rainfall, and to increased temperature. 

The variety of agroecological practices evident in Table1, 
used in different combinations by different farmers 
according to their social, economic, and ecological context, 
illustrates how agroecological practices represent locally 
adapted innovation by farmers themselves, often based as 
much on their local knowledge as upon agricultural science.77  
Co-creation of knowledge is a fundamental principle applied 
when taking an agroecological approach (Figure 1), ensuring 
both the local relevance of the practices developed and 
the effectiveness of their spread horizontally from farmer 
to farmer, because farmers often put greater trust in the 
experience of other farmers than in the information from 
extension workers or researchers.78  

Many of the agroecological practices inventoried by Debray 
et al. (2019), in addition to providing adaptation benefits, 
also enhance carbon sequestration.79 In many cases, the 
adoption of multiple practices simultaneously was required 
to provide adaptation benefits, brought about by addressing 
several individual climate impacts at the same time, with 
many farmers using combinations of different practices. 
For example, in addressing soil fertility challenges, some 
farmers in Burkina Faso combine a number of individual 
practices that collect and use available water, improve 
soil fertility, and prevent land degradation (Figure 4). This 
involves them: 

• Collecting water individually from roofs and catchment 
areas, and collectively from water reservoirs, mini dams, 
and wells, to improve their water supply; 

• Using seed coating to reduce risks associated with 
dry sowing, droughts, consumption of seeds by ants, 
termites, and birds; and 

• Introducing new, off-season vegetable production using 
water collected in wells and mini dams.
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Table 1 - Key 
         Field
         Farm
         Interviews
         Publications
         Semiarid (SA)
         Subhumid (SH)
         n/a

SEED COATING

AGROFORESTRY
ANTI-EROSION 
INSTALLATIONS

COMPOSTED 
SLURRY

ENRICHED COMPOST IN 
PLANTING BASINS

COLLECTIVE AND 
INDIVIDUAL WATER 
HARVESTING

OFF-SEASON 
VEGETABLE 
PRODUCTION

Pest control

Organic 
fertilisation

Input use 
efficiency

Erosion control
Water retention

Soil structure

Water supply

Reducing risk 
of crop failure

Product 
diversification

FIGURE 4 Typical Combinations of Soil and Water Management Practices that Ameliorate Impacts of 
Increasing Frequency and Severity of Drought in Burkina Faso

Source: Debray et al. 2019.80 

TABLE 1 Key
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Agroecological 
Practice

Scale of 
Integration

Climate Adaptation 
Benefits

Constraints Zone Countries Evidencea

Category i)  Prevention of land degradation

Rehabilitation and 
conservation of 
vegetation

• Soil fertility 
maintenance

• Increased vegetation 
cover

• Forage production

 • Improved water 
retention

• Local biodiversity 
conservation 

• Crop protection 
against extreme 
climate events

• Additional 
production

• Risk of animal 
browsing

• Competition for 
water and nutrients

• Potential pests’ 
habitat

• Cropped area 
reduction

• Fire risk

Mali, Burkina Faso, 
Togo, Senegal, 
Malawi, Tanzania, 
Zambia

     3 
ACF, AVSF, GRET.

     9 
Aune 2011; Basquin et al. 2014; Bilgo et al. 2013; 
CILSS 2009; de Witte 2013; Dorlöchter and Nill 2012; 
Leroy 2015; Scholle 2015; Wezel and Rath 2002.81 

Hedges

Agroforestry

Conservation of local 
tree species

Direct sowing of local 
tree species

Assisted natural 
regeneration

Erosion control • Soil fertility 
improvement

• Rehabilitation of 
degraded (crop) land 

• Increased vegetation 
cover

• Improved water 
retention and 
infiltration 

• Decreased risk 
of crop loss during 
temporary drought in 
cropping season 

• Possible off-season 
production

• High labor demand

• Training requirement 

• Flooding risk in very 
rainy years due to 
dam or weir damage

• Collective 
organization

Burkina Faso, 
Togo, Niger, Chad, 
Mali, Kenya, 
Ethiopia, Tanzania, 
Uganda, Senegal, 
Cameroon, Cape 
Verde, Zambia

     1 
AVSF.

     9  
Berton et al. 2013; Bilgo et al. 2013; de Witte 2013; 
Diguingue 2010; Dorlöchter and Nill 2012; Leroy 2015; 
Mwanyoka 2015; Scholle 2015; Tumbo et al. 2010.82 

Zai holes

Half moons

Nardi trenches

Stone bunds

Fanya Juu terraces

Bench terracing

Contour bunding

Agricultural and 
silvopastoral benches

Filtering 
embankments

Grass strips between 
crop lines

TABLE 1 Contribution to Climate Change Adaptation of Agroecological Practices in Semiarid and Subhumid 
Zones of Africa 
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Agroecological 
Practice

Scale of 
Integration

Climate Adaptation 
Benefits

Constraints Zone Countries Evidencea

Category ii)  Improving soil health

Use of organic 
fertilizers and material

• Soil fertility 
improvement

• Improved water 
retention

• Renewable energy 
production

• GHG emissions 
reduction (only 
bio-digester)

• Weed control

• Erosion control 

• Investment cost 
(bio-digester)

• Competition for the 
use of crop residues

• Seed availability

• Workload 

Mali, Democratic 
Republic of 
Congo, Tanzania, 
Cameroon 

     2  
AVSF, GRET.

     3  
Dorlöchter and Nill 2012; Roesch and Chapon 2014; 
Scholle 2015.83  

Crop residues 
compost

Liquid compost

Biogas slurry

Cover crops

Green manure

Mulching (e.g., with 
Acacia tumida)

Introduction of soil-
improving woody 
plants as windbreak 
and/or hedgerow

• Soil fertility 
improvement

• Legumes for 
nitrogen fixation

• Improved water 
retention

• Wind and water 
erosion control

• Increased 
permanent vegetation 
cover

• Additional 
productions

• Cropped area 
reduction

• Risk of animal 
browsing

• Potential pests’ 
habitat

Madagascar      2
GRET, AVSF. 

     2
Aune 2011; Lheriteau and Rakontondramanana 
Ratrimo 2014.84 

Category iii) Better water management

Water collection 
devices

• Improved water 
retention 

• Water storage

• Increased vegetation 
cover

• Possible off-season 
production 

• Groundwater tables 
filling 

• Water supply 
improvement

• Technical 
knowledge 
requirement

• Implementation 
costs

• Risk of disease 
development

• Finding consensus

Togo, Burkina 
Faso, Mauritania, 
Niger, Chad

     9
Bachar 2011; Bender 2009; BERCEF 2007; de Witte 
2013; Dorlöchter and Nill 2012; Orlhac 2013; URD 
2009; Stroesser 2015; Cornu 2011.85 

Permeable stone dam Mali, Tanzania

Sand dam

Mini dam

Weir

Pond

Water reservoir

Collective water mgmt.

TABLE 1 Continued



The Contribution of Agroecological Approaches to Realizing Climate-Resilient Agriculture      17

Agroecological 
Practice

Scale of 
Integration

Climate Adaptation 
Benefits

Constraints Zone Countries Evidencea

Category iv)  Diversifying production

Introduction of new 
crops

• Risk reduction for 
overall agricultural 
production

• Local diets 
improvement

• Additional income

• Resistance to 
drought (castor oil)

• Lack of knowledge 
about new crops

Niger, Nigeria, 
Madagascar, 
Tanzania

     2
AVSF, CARE.

     2
Aune 2011; Tumbo et al. 2010; Mbilinyi and 
Rwehumbiza 2010.86 

Yam

Vegetables

Cassava

Castor oil plant

Moringa

Combination of crops • Soil fertility 
improvement

• Weed, pest and 
disease control 

• Increased crop 
diversity 

• Biodiversity 
enhancement

• Risk reduction for 
overall agricultural 
production

• Input costs, 
availability and quality

• Dry season 
production needs 
irrigation

• Possible vegetation 
damage by goats

Democratic 
Republic of Congo, 
Mali, Senegal

     4 
ACF; Agrisud, AVSF, Terre et humanisme.

     1
Aune 2011.87 

Wet and dry seasons 
crop rotation

Diversified crop 
rotation

Mix of cultivars

Cereal/cowpea 
intercropping

Introduction of 
animals

• Diversification with 
animals; 

• Risk and reduction 
for overall agricultural 
production

Senegal, Chad, 
Madagascar

     3 
AVSF, Salvaterra, URD

Small ruminants

Poultry

Beekeeping

Category v)  Adapting crop management

Sowing adaptation • Early germination 

• Crop failure risk 
reduction

• Seed protection 
against drought

• Uncertain crop 
germination and 
establishment 

• Equipment cost 

• Weed pressure

Tanzania, Senegal, 
Burkina Faso, Mali, 
Sudan, Ethiopia

     1 
AVSF.

     3 
Aune 2011; AVSF 2011; Liwenga et al. 2012.88 

Early preparation and 
sowing

Seed coating and dry 
sowing

TABLE 1 Continued
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TABLE 1 Continued

Agroecological 
Practice

Scale of 
Integration

Climate Adaptation 
Benefits

Constraints Zone Countries Evidencea

Seed soaking

Species and cultivar 
choice

• Crop failure risk 
reduction

• Higher resistance to 
pests and diseases 

• Additional income 
for local seed 
producers

• Agrobiodiversity 
conservation

Tanzania, Senegal, 
Niger, Cote 
d’Ivoire, Ethiopia, 
Burkina Faso, Mali, 
Madagascar

     3
AVSF, CCFD, GRET.

     5
Basquin et al. 2014; Bouziane et al. 2013; Comoé and 
Siegrist 2015; GRET 2011; Liwenga et al. 2012.89 

Drought-tolerant crops

Shorter-term crop 
cultivars

Farmer local seed 
selection and 
dissemination

Soil working 
adaptation

• Soil fertility 
improvement 

• Improved water 
retention 

• Early crop maturity

Sub-Saharan 
Africa

     1
 Stroesser 2015.90 

Minimum Tillage

Category vi) Pest and disease control

• Environmentally 
friendly pest and 
disease control

• Pest attacks 
reduction

• Cryptogamic 
diseases control

Mali, Burkina Faso, 
Madagascar

     3 
ACF, AVSF, RHK.

Compost enriched 
with Trichodermia

Neem oil-based 
insecticide

Category vii) Managing livestock

Feed improvement • Feed ration and feed 
quality improvement 

• Residues 
valorization

• Supplementary 
forage sources, 
especially during dry 
periods

• Additional wood 
production

• Availability of 
supplementation 

• Technical knowledge 
requirement

• Additional work

Sudan, Burkina 
Faso, Mali, 
Niger, Malawi, 
Tanzania, Zambia, 
Cameroon, 
Senegal, Chad

     3
AVSF, GRET, Salvaterra.

     5 
Aune 2011; Franzel et al. 2014; Leroy 2015; Scholle 
2015; Stroesser 2015.91 

Crop residues as 
forage

Fodder trees (e.g., 
Faidherbia albida)

Urea treatment of hay

Mineral supplements 
for dairy animals

Millet bran suppl.
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Agroecological 
Practice

Scale of 
Integration

Climate Adaptation 
Benefits

Constraints Zone Countries Evidencea

Hay production

Rotational grazing • Overgrazing 
limitation

• Soil fertility 
improvement

• Increased vegetation 
cover

• Biodiversity 
enhancement

• Higher number of 
animals fed on the 
same surface

• Planning 
requirement

• Equipment cost 
(fences/ surveillance)

Burkina Faso, Mali, 
Niger, Cameroon, 
Senegal, Chad

     1
Stroesser 2015.92 

Regulation of animal 
movement

• Increased vegetation 
cover

• Conservation of 
vegetation cover

• Reduction of 
stocking rate 

• Rationalization of 
itineraries

• Improved 
management of 
forage resources

• Collective 
organization 
requirement

 • Increasing land 
pressure of protected 
areas

• Fences’ absence

Tanzania, 
Zimbabwe, 
Burkina Faso

     3 
AVSF, CCFD, and Salvaterra.
     1
Liwenga et al. 2012.93 

Exclosures

Reduced herd size

Collective grazing on 
village territory

Collective organization 
of transhumance

Selection of drought-
adapted cattle breeds

Animals’ resistance to 
droughts

Lower productivity in 
favorable environment

     1 
AVSF.

TABLE 1 Continued

Source: Adapted from Debray et al. 2019.107 

Notes: SA: semiarid; SH: subhumid; DRC: Democratic Republic of the Congo; ACF: Action Contre la Fam; CARE: Cooperative for Relief and Assistance 
Everywhere; AVSF: Agronomes et Vétérinaires Sans Frontiers; GRET: Groupe de Recherches et d’Echanges Technologiques; URD: Urgence 
Réhabilitation Développement; CCFD: Comité Catholique Contre la Faim et pour le Développement; RHK: Réseau des Horticulteurs de Kayes; GHG: 
Greenhouse Gas.

a Based on literature review and structured interviews with 24 experts from 17 NGOs active in agricultural development in Africa.

While the inventory points to widespread use of agroecological practices in Africa that confer adaptation benefits, there are sparse 
quantitative data on the economic performance of the practices that would allow evaluation of trade-offs inherent in their adoption 
by farmers, or of adoption rates (although some adoption data are summarized for agroforestry in Table 2 below). Many agronomic 
innovations, even if impressive in terms of yield improvement, do not represent transformative options for smallholder farmers because 
their aggregate impact, with only a small land area, may not be sufficient to make a significant difference to the farm household or 
compensate for the extra investment and risk involved in adopting a new practice.94   

Recent research on adoption of ecological intensification options in South Africa emphasized that the knowledge-intensive nature of 
the options made participatory interaction with farmers important for adoption, which was determined by farmers evaluating trade-
offs among what they expected in terms of performance of innovations, the effort required to implement them, and social influences.95  
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Key constraints to adoption were lack of awareness, germplasm, 
and technical support. Despite this, a recent global assessment 
estimated that 163 million farmers (29 percent of those 
wordwide) were practicing forms of sustainable intensification on 
453 M ha of agricultural land (9 percent of the wordwide total), but 
conflated agroecological practices and other forms of sustainable 
intensification.96 

3.2 Farm or Livelihood Level Integration
Above and beyond the combination of practices at field level, 
many adaptation benefits of agroecological practices derive from 
system diversification at a livelihood scale, with greater functional 
diversity of components (particularly integration of trees and 
livestock with cropping), resulting in gains from managing 
interactions among components. Thereby both productivity and 
resilience gains are realized. 

Agroforestry practices provide a good illustration of this, where 
much of the contribution that trees make to agricultural production 
systems is through system intensification, involving interactions 
with other livelihood components (Figure 5 and Table 2). Farmers 
are concerned about the total factor productivity of their whole 
livelihood, not only the contributions from crop and livestock 
productivity, and this is influenced by how their labor is used. This 
needs to be taken into consideration for agricultural innovations 
to be adopted and viable within the livelihood context that they 
are intended for.97 For example, on-farm tree fodder production 
can increase livestock productivity while reducing labor required 
to collect fodder, hence freeing labor and time for other additional 
paths to intensification.98  In some contexts, food security is 
constrained by lack or shortages of fuel to cook, or dung is used 
as fuel. On-farm firewood production alleviates the fuel constraint, 
and dung can therefore be used as fertilizer, which thereby 
increases soil fertility and crop yield, and frees up labor.99  

Trees can also play a key role in restoring and maintaining soil 
health, because they are associated with higher abundance and 
activity of beneficial soil organisms, as well as contributing to soil 
fertility through tightening nutrient and water cycling, consequently 
improving nutrient and water use efficiency, and thereby closing 
yield gaps of staple food crops.100 

3.3 Mitigation Co-Benefits
The adoption of agroecological practices generally leads to higher 
carbon storage in both soil,101 and, especially where perennial 
plants are part of the species mix, in vegetation.102  There has 
been a lively debate on the relative importance of increasing soil 

organic carbon for adaptation and mitigation, with greater 
consensus about its role in improving the resilience of soils 
to future climate change than in mitigating emissions.103 In 
contrast, the carbon storage potential of trees on farms is 
globally significant, with an estimated carbon stock of more 
than 34 Gt and net global sequestration of 0.75 Gt yr-1 due to 
the global increase of tree cover on agricultural land, which 
is not taken into account in greenhouse gas accounting of the 
Intergovernmental Panel on Climate Change (IPCC).104 The 
global total masks differences regionally, with Brazil, Indonesia, 
China, and India having the largest increases, while Argentina, 
Myanmar, and Sierra Leone had large decreases. 

Agroecological practices vary in their carbon sequestration and 
storage potential, with measured complex multistrata agroforests 
having a mean C stock of 77.9 Mg C ha-1 (range 12–228) and 
mean sequestration of 3.12 Mg C ha-1 yr-1 (1.0–6.7); compared 
to Sahelian parklands 33.4 Mg C ha-1 (5.7–70.8) and 0.5 Mg 
C ha-1 yr-1 (0.2–0.8); and rotational woodlots 18.5 Mg C ha-1 
(11.6–25.5) and 3.9 Mg C ha-1 yr-1 (2.2–5.8).105 Local farming 
practices affect tree cover on farms and the attendant carbon 
storage. Agroecological practices also use fewer fossil fuel 
derived inputs than alternatives, and strive to recycle biomass and 
nutrients. This often results in agricultural production with a lower 
carbon footprint, although the role of ruminant livestock in some 
agroecological practices complicates this. 

It is important to draw a distinction here between climate-
smart agriculture and agroecology. While many agroecological 
practices are classified as climate-smart because they contribute 
to adaptation and mitigation, not all climate-smart practices 
follow agroecological principles. For example, no or minimum 
tillage practices, combined with the use of herbicides rather than 
mechanical options to destroy weeds, may be considered climate-
smart but not agroecological.106 
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PRODUCTS 
(INCL. FOOD)

SOIL HEALTH SOIL 
FERTILITY

WATER SHADE FODDER FUEL

 productivity per unit  
of land and water labor  

productivity

OFF-FARM (INCLUDING FOREST, WILD 
RESOURCES AND COMMUNAL LAND)

GRAZING

TRACTION
AND LIVESTOCK 
PRODUCTS

ON-FARM

AGROECOLOGICAL PRACTICES ON SMALLHOLDER FARMS

INCOME NUTRITION COOKING AND 
HEATING

OTHER LIVELIHOOD 
OPPORTUNITIESFOOD

livestock 
productivity

INCREASED USE OF AGRO-BIODIVERSITY AND NICHES 
FOR CONSERVATION OF NATURAL BIODIVERSITY

FIGURE 5 Agroecological Practices Have Adaptation Benefits for Smallholder Livelihoods through              
System Integration

Source: Developed by the authors. 

Notes: See quantification of interactive effects for agroforestry practices in Table 2. 
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Resilience Benefits Related 
to Elements in Figure 5

Nature and Magnitude of Effect Sources

1. Soil fertility/ Erosion 
control

It is well established that trees in crop fields can:

• Fix nitrogen (typically 50 to 320 kg ha-1 yr-1 but around 150 kg ha-1 yr-1 for the fertilizer tree systems 
widely adopted by smallholder farmers (see 8 below); 

• Capture nutrients leached below the crop rooting zone and return them to surface soil via litter and 
root turnover (e.g., 42 kg N ha-1 recycled by deep-rooting trees intercropped with fertilized maize, and 
about half this for shallower rooting species such as Gliricidia sepium, favored by farmers because 
of their easy establishment, fast growth and nitrogen fixation), increasing nutrient use efficiency (e.g., 
N use efficiency of fertilizer tree systems with maize ranging from 49–59% compared to 10–22% for 
use of only inorganic fertilizer on maize monoculture); and 

• Control soil erosion, especially using contour hedgerows on sloping land with high rainfall intensity 
(e.g., reducing soil loss by 80% on gradients of up to 25o representing retention of between 1.8 to 12.7 
t ha-1 of soil and the nutrients contained therein).

Glover et al. 2012; Schroth and 
Sinclair 2003; van Noordwijk et 
al. 2004; Sileshi et al. 2014; Ng 
2008.108 

2. Soil health Soil health refers to maintaining long-term soil fertility indicated by Soil Organic Carbon (SOC) and 
the ecosystem structure of soil biota. It has been established across a range of site conditions 
that beneficial soil organisms are (1.1–5.6 times) more abundant and generally more active in crop 
fields with trees than those without and closer to, rather than further away from, trees in crop fields. 
SOC varies across contexts but can be maintained at up to 300 Mg C ha-1 even in cultivated fields 
through agroforestry practices. Research now focuses on which mixtures of tree species will deliver 
improvement and maintenance of soil health in different contexts.

Barrios et al. 2012; Orgiazzi et 
al. 2016.109 

3. Water Trees impact water balances in several ways, but the most important trade-off in agricultural terms is that of 
increased infiltration and lower bare soil evaporation versus the amount of water transpired by trees (which 
can be controlled by manipulating the amount and phenology of leaf area through tree species choice, 
spacing, and pruning). This results in groundwater recharge in the seasonally dry tropics being maximized 
with an intermediate level of tree cover across agricultural landscapes. Evaporation is typically 30–60% of 
rainfall in semiarid environments, and trees in crop fields reduce it, such as by 35% when intercropped with 
food crops in Kenya (21% of rainfall) and by 41% with shade trees in coffee. Much higher infiltration (up to 
60 times higher in intensively grazed silvopasture than pasture without trees) reduces flood risk as well as 
controlling erosion and contributing to groundwater recharge.

Ilstedt et al. 2016; Bayala and 
Wallace 2015; Carrol et al. 
2004.110 

4. Shade Shade in silvopastoral systems reduces heat stress in animals (particularly cattle) estimated to cost 
US$1.2 billion yr-1 in lost production in the U.S. dairy industry alone, to be higher in the tropics, and likely 
to increase as a result of climate change. Shade is increasingly important as a means of ameliorating 
climate change effects in crops, with tree shade buffering high temperatures to prolong grain filling 
in cereals and bean yield (and quality) in coffee. For example, wheat yields in Ethiopia were 26– 86% 
higher (0.5 to 0.7 t ha-1 yr-1) under Faidherbia albida trees than in monoculture, with proportionally 
larger effects in low yielding (drier) years. The area suitable for growing coffee globally is predicted to 
reduce by 19% overall, with differential regional effects depending on altitude and latitude. Shade trees 
can reduce temperatures of coffee by up to 2oC, corresponding to the rise in mean global temperature 
expected by 2050, but require concomitant management to control competition. 

Bayala et al. 2015; Ovalle-
Rivera et al. 2015; Key et al. 
2014; Sida et al 2018.111 

5. Fodder/Livestock 
productivity

The value of increased milk production through using tree fodder in Kenya was measured at between 
US$62 and 122 per annum for a household with one cow, contributing from 17–33% of what is 
required for a household to exit poverty. This does not include benefits from firewood, soil fertility 
improvement, soil erosion control, fencing, stakes, and sale of seedlings also derived from the same 
trees. More than 305,000 farmers have adopted fodder trees directly through the East African Dairy 
Development Project (EADD) in Kenya, Rwanda, Tanzania, and Uganda, with a vibrant market for fodder 
tree seedlings emerging in Kenya, indicating considerable spontaneous (but as yet unquantified) 
diffusion beyond direct project beneficiaries. New markets for green fodder are developing (e.g., in India 
demand exceeded supply by an estimated deficit of 696 M t yr-1 in 2015, creating opportunities that are 
particularly promising for women to exploit).

Franzel et al. 2014; Mishra 
and Pathak 2015; Place et al. 
2009.112 

TABLE 2 Evidence of How Trees as Components of Agroecological Practices Increase Functional Biodiversity 
and Economic Diversification, Contributing to Productivity and Resilience of Smallholder Livelihoods 
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Resilience Benefits Related 
to Elements in Figure 5

Nature and Magnitude of Effect Sources

6. Fuel/Cooking/Heating Woodfuel meets around a tenth of the world’s energy demand, most significantly in Africa, where around 
760 million people rely on firewood and charcoal as their primary source of energy for cooking. The annual 
value of local trade in charcoal in Africa is over US$8 billion, employing 7 million people. A systems analysis 
of firewood and fodder usage in the highlands of Ethiopia revealed a mean household firewood deficit (of 
articulated demand over actual supply) of 5.95 t yr-1 and mean use of 3.2 t yr-1 with burning of 0.47 to 0.97 
t dung hh-1 yr-1 depending on access to state forest resources. The nutrients in the burned dung represent 
potential cereal yield of 143 kg or 94% of per capita annual cereal demand (18% of mean aggregate 
household demand). National statistics indicate 34% of rural households taking more than one hour and 
36% requiring more than two hours per day to collect firewood.

Dawson et al. 2013; Duguma et 
al. 2013; Mosa et al. 2016.113 

7. Income Trees produce a number of globally and locally traded high value products important for smallholder 
income. Fodder and charcoal are covered already in rows 5 and 6 above. Fruit trees can produce high 
annual income per unit land for smallholders, while providing other ecosystem services. For example, 
the Forests, Trees and Agroforestry (FTA) AFLi project reported a mean of US$2,240 ha-1 yr-1 for son tra 
(Docynia indica) and US$3,563  ha-1 yr-1 for longan (Dimocarpus longan) when intercropped with maize 
on sloping land in Northern Vietnam.114 Additional value over a maize monoculture with a 15-year time 
frame and 10% discount rate was US$8,250 to 14,530, with breakeven after 5–8 years. 

Planting fodder grasses to bridge the lag between investment and return was doubly effective, 
providing immediate income and, in enabling stall feeding of animals, reducing risk of livestock 
damage to establishing trees. While the Net Present Value (NPV) of silvicultural improvements for 
timber production alone from the FTA Kanoppi project in Indonesia were not attractive for farmers or 
investors at US$1,241 ha-1 on a 20-year cycle and 8% discount rate, combining with Non-Timber Forest 
Products (NTFPs) increased the NPV to US$4,951  ha-1, intercropping to US$6,678 ha-1 and sustainable 
intensification with all three combined to US$11,627 ha-1.115  

Much less intensive management required for Farmer-Managed Natural Regeneration (FMNR) of trees 
in the Sahel (Mali, Burkina Faso, Niger, and Senegal) resulted in extra income from tree products of 
US$73 to 200 per household, despite selling only 15–25% of harvested product. In contrast, coffee and 
cocoa are predominantly internationally traded (with an annual export value of US$10 and 11 billion 
respectively), although mainly produced by smallholders (over 80% of production involving 15 and 6.5 
million smallholders, respectively) with yields well below potential (550 kg ha-1 and 370 to 670 kg ha-1 
respectively) and declining as plantations age, pests and diseases build up, and soil fertility declines. 
Sustainable intensification through agroforestry tackles these multiple challenges, including a degree 
of climate change adaptation and livelihood diversification. 

Binam et al. 2015; Vaast and 
Somarriba 2014; Angelsen et 
al. 2014; Dawson et al. 2013.116 

8. Food (security)/Land 
productivity

Meta-analysis across sub-Saharan Africa showed that fertilizer trees produced a mean maize yield 
increase of 1.3 and 1.6 t ha-1 for non-coppiced and coppiced fertilizer tree systems, respectively, over 
unfertilized sole maize (farmer default practice). Over half a million farmers have adopted fertilizer tree 
systems in Southern Africa (Zambia and Malawi), in the absence of supportive policy frameworks. 
(On the contrary, incentives, such as fertilizer subsidy, often favor use of inorganic fertilizer.) This 
has resulted in between 57 and 114 extra person days of maize consumption per household per 
year, affecting the food security of over 2.5 million people. Subsequent analysis of maize yield in four 
different agroforestry practices nationally across Malawi revealed large variation in performance 
among farms (5–8 fold, with the top 20% of farmers achieving yield increases of over 2 t ha-1 yr-1), 
indicating the scope for increasing both food yield and adoption through improved matching of 
practices to context and developing a supportive enabling environment.

Sileshi et al. 2008; Ajayi et al. 
2011; Garrity et al. 2010; Coe et 
al. 2019; Bai et al. 2008; Lal et 
al. 2012; Stavi and Lal 2015.117 

TABLE 2 Continued
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Resilience Benefits Related 
to Elements in Figure 5

Nature and Magnitude of Effect Sources

9. Nutrition There is a significant positive relationship between some indicators of dietary quality of children 
under five and landscape-scale tree cover in Africa, with a statistically significant positive relationship 
between tree cover and dietary diversity, while fruit and vegetable consumption increases with tree 
cover up to a peak of 45% tree cover after which it declines.  Wild fruits, fungi, and vegetables from 
forests are a crucial source of micronutrients in many rural and smallholder communities, and 
often provide a major contribution to cash income at the household level. Bushmeat and fuelwood 
for subsistence and income generation contribute both directly and indirectly to food security and 
nutrition in sub-Saharan Africa, South-East Asia and Latin America. Dietary diversity was found to be 
12–14% higher in households practicing FMNR than those who had access to fewer trees across four 
countries in the Sahel. Recent research has shown that it is possible to exploit differences in phenology 
of fruit tree species to provide critical nutritional supplements (particularly of Vitamins A, C and B6) 
and maintain dietary diversity throughout the year. This is the case even in dry environments, where 
extensive tree root systems and water storage in succulent roots allow trees to be productive at those 
times in the year when herbaceous vegetation cannot supply this nutritional diversity without irrigation. 
In Machakos in Kenya, an average household can achieve year round dietary diversity with 20 trees of 
10 species, either dispersed throughout their farm (on borders, around the home, and in fields) or in an 
8 m x 18 m (0.015 ha) fruit orchard.

Binam et al. 2015; Dawson 
et al. 2013; Kehlenbeck and 
McMullin 2015; Ickowitz et al. 
2014; Sunderland et al. 2013.118 

,

TABLE 2 Continued

4. Examples of Agroecological 
Approaches Enhancing the 
Resilience of Farming Systems
This section looks at several instances where agroecological 
practices are being applied at scale, both to demonstrate 
that this is possible, and to draw lessons about what 
leads to success. It includes a scheme in India to promote 
agroecological farming methods across the entire state of 
Andhra Pradesh, innovative agroecological approaches to 
control the recent Fall Army Worm (FAW) epidemic across 
Africa, regreening of the Sahel, and national policies in Peru 
and Europe.  

4.1 Scaling up Climate Resilient Zero 
Budget Natural Farming in Andhra 
Pradesh
Climate Resilient Zero Budget Natural Farming (CRZBNF) 
aims to build resilience to increasingly frequent drought, 
floods and cyclones experienced in Andhra Pradesh as a 
result of climate change, while accumulating carbon in soil 
and perennial vegetation as well as making more efficient 
use of water to reverse an alarming lowering of the water 
table. The practice of Zero Budget Natural Farming (ZBNF) 
began in the southern Indian state of Karnataka, where is it 
estimated that 100,000 farm families use the methods, while, 

at the national level, it is estimated that millions of farmers 
use ZBNF, most prominently in the southern Indian states 
of Andhra Pradesh, Kerala, and Tamil Nadu.119  In 2015, the 
government of Andhra Pradesh announced a policy aimed 
at reaching 500,000 farmers with ZBNF by 2020 (about 8 
percent of farmers in the state), and now targets transitioning 
the whole state to this approach, embracing six million 
farming households. The prominence of the approach at 
state and national level has led to a polarized debate about 
the evidence base underpinning investment in ZBNF,120 and 
the relationship between the particular set of practices 
promoted under ZBNF and other agroecological, organic 
farming, and sustainable intensification approaches.121 

Interest in ZBNF methods arose, in part, from the high rates 
of farmer debt, originating from the cost of fertilizer, seed, 
mechanized agriculture, and irrigation, which has been linked 
to high suicide rates. More than a quarter of a million farmers 
have committed suicide in India in the last two decades. “Zero 
Budget,” which means not relying on credit, and not buying inputs, 
promises to put an end to heavy debt by drastically reducing 
production costs. “Natural farming” means farming with nature 
and without purchased chemical inputs. ZBNF methods include 
mulching, intercropping, controlled irrigation, contour bunds, local 
earthworm species, and the use of fermented microbial culture 
and seed treatment, which combines cow dung, sugar, pulse 
flour, urine, and soil. At the local level, ZBNF operates mainly 
through volunteers, who come from farmer organizations 
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Sources: Kumar 2018; La Via Campesina n.d.; Khadse et al. 2018.123 

TABLE 3 Elements of Successful Strategies for Implementing ZBNF in India.Strategic Element Zero Budget Natural Farming Application

Charismatic leadership A highly charismatic teacher, Subhash Palekar, has played a key role in motivating and promoting Zero Budget Natural 
Farming (ZBNF) methods through books, training, and other public venues.

Horizontal pedagogical practices While Palekar teaches in a more vertical manner, most of the teaching is done through farmer-to-farmer exchanges 
and mentoring.

Favorable public policy Training is provided at the state level in several Indian states. The state of Andhra Pradesh pledges to support 500,000 
farmers to be trained in ZBNF by 2020.

Local and favorable markets At least eight shops exclusively retail ZBNF produce in cities such as Bangalore and Mysore but marketing remains                
a challenge.

Social organization State organized training camps and informal networks support training and ongoing support for ZBNF with links to 
allied organizations.

Effective farming practices Farmers report improved yields, food quality, income, and reduced farm expenses and credit.

Cultural legitimacy ZBNF is framed in socially and culturally significant ways, addressing the credit and debt concerns of farmers, and linking 
practices to spiritual and socially relevant concepts.

TABLE 3 Elements of Successful Strategies for Implementing Zero Budget Natural Farming in India

and community leaders, motivated by the founder of the movement, Subhash Palekar, an agricultural scientist who has 
written many publications on the methods. At the state level, intensive five-day training camps are held, with support from 
volunteers and allied organizations. A survey of 97 ZBNF farmers reported increased yield, seed diversity, produce quality, household 
food autonomy, income, and health, alongside reduced farm expenses and credit needs.122  The successful implementation of 
agroecological approaches by farmers in India has relied on several key strategies (Table 3).

There is some disagreement about the scientific basis and sustainability of some of the agroecological practices promoted 
by the social movement, which has led to a constructive dialogue among ZBNF practitioners, promoters of the approach, and 
scientists interested in understanding how and why the practices are spreading rapidly among farmers. This has resulted in 
clarifying the mechanisms that different stakeholders think are at play in translating practices, such as seed treatment, regular 
application of inoculum, and maintaining ground cover (with live or dead mulch), into higher and more resilient yields (Figure 
6). These are now the subject of systematic experimentation, involving the social movement working together with scientists 
to measure the magnitude of the different proposed relationships. Ownership of the research process by the social movement, rather 
than by scientists working separately from proponents of the approach, is thought to be essential for widespread acceptance of results.
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The causal diagram depicted in Figure 6 was the result of structured stakeholder engagement,124  and embraces all mechanisms 
that any of the stakeholders considered important. Discussion among stakeholders established that the initial four wheels of 
ZBNF did not all correspond to practices; the fourth wheel was, in fact, a consequence of the other practices (and so its location 
was adjusted), and land preparation practices had initially been omitted and so were added as wheel zero. The importance of the 
diagram is that it demonstrates that knowledge from both scientists and ZBNF proponents in the social movement are comparable, 
and can be represented and discussed using a common framework.

FIGURE 6 Proposed Mechanisms by Which Zero Budget Natural Farming Agroecological Practices (the wheels on the left) 
Impact Soil Health and Hence Crop Yield, Resilience to Climate Extremes, and Carbon Accumulation 

Wheel Zero 
LAND PREPARATION 

Shallow or no tillage  
and initial application of 

inoculum

0

Wheel one
BIJAMRITA

Seed treatment 1

Wheel two
JIWAMRITA 
No fertilizers

No Pesticides
Use of inoculum

2

Wheel three
MULCHING
in situ live or 

residues, biomass 
transfer, +/- 

incorporation

3

ANIMAL BREED
ROOT EXUDATES

CARBON AND 
NUTRIENT DYNAMICS

NUTRIENT USE 
EFFICIENCY AND 

BUDGET

WATER USE 
EFFICIENCY

N-FIXATION

WATER HOLDING 
CAPACITY

AERATION

ATMOSPHERIC 
WATER 

ABSORPTION

CROP DIVERSITY

MICROBIAL DIVERSITY

MACROFAUNA

SOIL STRUCTURE

CROP YIELD

CARBON
ACCUMULATION

RESILIENCE TO 
DROUGHT, FLOOD 

& CYCLONE

ZBNF AGROECOLOGICAL PRACTICES AGROECOLOGICAL MECHANISMS

4Wheel four
WAAPHASA
Soil moisture

Source: Brainstorming workshop on the science underpinning ZBNF soil effects, Vijayawada, 30–31 August, 2018. 
Notes: Each arrow represents a mechanism; ZBNF: Zero Budget Natural Farming.
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4.2 Agroecological Responses to 
Control FAW
A key issue in climate change adaptation is coping with 
changes in pest and disease incidence and spread. 
Agroecological approaches to pest and disease control 
avoid farmers and states becoming dependent on 
chemical control that undermines natural enemies; they 
adopt practices that, on the contrary, actively encourage 
natural enemies, healthier crops, and soils better able to 
withstand attack and incorporate barriers to transmission. 
A contemporary example of the agroecological control of 
the recent FAW outbreak in Africa illustrates this.125 FAW, 
a voracious agricultural pest native from North and South 
America, was first detected on the African continent in 
2016.126 Since then it has spread across sub-Saharan Africa, 
affecting thousands of hectares of cropland, causing up to 
US$13 billion per annum in crop losses,127 and  threatening 
the livelihoods of millions of farmers. In their haste to respond 
to FAW, governments have sometimes promoted imprudent 
use of chemical pesticides, which, aside from human 
health and environmental risks, are likely to undermine pest 
management strategies that depend on natural enemies.128 
Agroecological approaches offer context-specific, culturally 
appropriate, low-cost, biologicial pest control options 
that can be integrated into existing efforts to improve farm 
incomes and resilience (see Table 3). 

Options for which there is sufficient scientific evidence to 
warrant immediate promotion include:

• Sustainable soil and land management, which improves 
crop health and resilience to pest attack;129  

• Intercropping, which can reduce egg laying by pests 
through volatile chemical deterrence,130 increase pest 
mortality when they must disperse among plants,131  
and provide habitat for natural enemies within the 
field;132 and 

• Diversifying the farm environment through crop rotation, 
agroforestry, and management of (semi-) natural 
habitats at multiple spatial scales, which provides 
habitat for a variety of natural enemies.133 

Application of push-pull pest control, where “push” plants are 
used to repel pests, and “trap” plants to attract them away 
from crops (already established as effective for maize stem 
borer) was also found effective for FAW, leading to a 2.8 fold 

increase in yield with low net costs of implementation, since 
the intercrops used were a useful fodder for cattle.134  These 
agroecological approaches are now being advocated as a 
core component of integrated pest management programs 
for FAW in sub-Saharan Africa, in combination with crop 
breeding, classical biological control, and selective use 
of chemical pesticides.135 There are a variety of specific 
practices, so that farmers can choose those that suit their 
circumstances, and field trials embedded within scaling 
up programs for FAW control are being used to tailor 
recommendations to local circumstances.136 

4.3 Regreening the Sahel 
Vegetation cover in the Sahel is affected both by changes 
in climate and how people use the landscape, resulting in 
complex shifts, driven over the last few decades by increases 
in both rainfall and population over large areas, resulting in 
higher vegetation cover but declining tree species diversity.137  
Traditional land use involves the maintenance of parklands, 
where crops are grown under scattered trees, which may 
also provide important products for subsistence and sale.138  
Extensive and detailed local knowledge underpinning 
management of trees in parklands has been documented.139  
The recent regreening observed in the Sahel, following a 
period of prolonged drought and degradation, has created 
a lot of interest in Farmer-Managed Natural Regeneration 
(FMNR) of trees, where farmers actively protect and manage 
tree seedlings in their fields. This occurs across the Sahel 
and is associated with increased tree cover on over 5 million 
hectares in Niger alone.140 

Recent research involving 300 parkland fields in four 
countries (Burkina Faso, Mali, Niger, and Senegal) found 
that soil fertility, as indicated by soil total carbon and 
exchangeable bases, was enhanced by trees.141  Trees 
increased the total carbon content of the top 10 cm of soil 
by a factor of between 1.04 –1.47  in soils with >70 percent 
sand content.  This pattern was observed both in fields 
with a high density of young trees (resulting from changes 
in the way farmers are managing natural regeneration), as 
well as in fields with a few old trees. Soil carbon increases 
were more pronounced in sandier soils. Meta-analysis of 
effects of agroecological practices on cereal crop yield 
across the Sahel, involving 63 studies, revealed that while 
parkland trees, green manure, mulching, crop rotation, and 
intercropping all increased cereal yields (maize, millet, and 
sorghum), when appropriate tree species were used (on 
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average by between 0.24 to 0.76 t ha-1 across sites, where 
mean control yields varied from 0.51 to 2.00 t ha-1), notwith- 
standing huge variation in performance of practices across 
contexts.142 Hence, matching options with the contexts in 
which they perform well is of paramount importance for 
promoting their more widespread adoption.143  

Since not all farmers are actively managing regeneration, 
economic research across the same range of sites as the soils 
research in parkland fields across four countries, comparing 
farmers who were actively managing natural regeneration 
with those who were not, revealed significant livelihood 
benefits to the practice.144  These included increased crop 
production (15–30 percent depending on the crop, tree 
species, and parkland density), as well as a 34–38 percent 
increase in the products harvested from trees, leading to a 
mean increase in annual household income of US$200, even 
though only 10–25 percent of harvested tree products were 
sold. Tree products were more important for women than 
men, although women often had little say about regreening 
decisions, leading to research now focused on determining 
whether regreening outcomes can be influenced by gender 
transformative action.145  

There is some debate around the extent to which the recent 
resurgence in active farmer management of tree regeneration 
has been spontaneously driven by farmers,146 stimulated 
by the action of non-governmental organizations147 or 
enabled by policy change.148 In practice, it appears that all 
three interact strongly. In Niger, for example, in response 
to a perceived lack of enforcement of restrictive forestry 
regulations (Code forestier) that had limited farmers’ ability 
to benefit from timber and fuelwood sales from trees in their 
fields, farmers began more active management. This led 
the government of Niger to revise forest legislation in 2004 
to formalize this, while development projects have actively 
encouraged farmers and supported them in managing 
regeneration since the mid-1980s.149 

FMNR across the Sahel is already a widespread 
agroecological practice that is helping farmers adapt to 
climate change through improving their livelihood resilience. 
There is clearly potential for increasing its areal extent and 
intensity. However, for livelihood gains to be sustainable, 
considerations likely to be important, and hence requiring 
attention, are to build on, rather than supplant, local 
knowledge; maintain tree species diversity, which may 
require enrichment planting; combine FMNR with other 

agroecological practices that improve soil and water 
conservation; and to develop markets for tree products. Given 
that many tree products are most important for women, but 
current gender norms and relations often restrict their role in 
management decisions, addressing gender equity could be 
expected to have a profound impact on the tree species that 
are regenerated and how the benefits from them are used to 
improve livelihood resilience. 

4.4 Policies that Promote     
Agroecology at Scale
In many parts of the world, land and tree tenure are 
contentious and can be a constraint to adoption of 
climate smart agricultural practices that represent a 
long-term investment in the land.150 In order to encourage 
more climate resilient land use at the agricultural frontier 
in the Peruvian Amazon, the government constituted 
an innovative legal provision in 2011, referred to as 
agroforestry concessions.151 This grants formal land title 
(in the form of a 40-year renewable lease) to farmers who 
had encroached on forest land before the law was passed, 
provided that they commit to conserve forest remnants; 
maintain, or establish agroforestry on 20 percent or more 
of the land; and to implement soil and water conservation 
measures. The provision has significance with respect 
to the Peruvian national commitment to restore a land 
area  of 3.5 M ha under the 20 x 20 initiative.152 The form 
of implementation of the national policy is ultimately 
determined by guidelines whose implementation is the 
responsibility of devolved regional governments. 

In supporting the development of these guidelines, Robiglio 
and Reyes (2016) identified a mix of possible interventions 
that are consistent both with existing farmer livelihoods, 
and with land and tree conservation strategies, including 
restoration of forest cover through planting, promotion 
of succession in fallows, agroforestry, and enrichment of 
fallows in areas maintained for crop production.153 Their 
analysis suggested that the provision had potential to 
offer tens of thousands of farmers a route to acquiring 
land rights, dependent on implementation of restorative 
practices. However, this was only likely to be realized if the 
implementation of guidelines accommodated livelihood 
aspirations of farmers by: 

• Incorporating the concept of temporal interactions 
in the definition of agroforestry so that fallows are 



The Contribution of Agroecological Approaches to Realizing Climate-Resilient Agriculture      29

allowed to revert to agricultural use; 

• Applying the provision to whole farms (that may consist 
of multiple land parcels), rather than individual fields, 
allowing farmers flexibility to manage a shifting mosaic 
of land use practices across their farm; and 

• Taking account of the heterogeneity of farmers’ social, 
economic, and ecological contexts that make different 
restorative options relevant for different farmers.  

Climate change is exacerbating biodiversity losses have 
accelerated in Europe (as evidenced by rapid declines in 
pollinators, habitat, insects, and birds) linked also to industrial 
methods of agriculture.154 Maintaining and increasing 
biodiversity is a key strategy for climate adaptation. Two key 
policy initiatives at national level provide examples of how to 
address biodiversity as a public good through agroecological 
approaches as detailed by HLPE (2019).155 

In Switzerland, the government undertook a participatory 
consultation of its agricultural subsidy program, which 
involved farmers’ unions, non-profit organizations, and 
environmental and business groups. They also carried out 
an impact assessment, which took into account economic, 
environmental, and social dimensions of the subsidy 
program. As a result, a new Agricultural Policy (2014–17) 
was implemented, which increased budgetary payments 
for the agricultural sector, and provided direct payments to 
producers who included biodiversity-friendly practices in 
their farming system. Economic projections suggest that 
both incomes and productivity will be higher as a result of 
these reforms.156  

In France, a new law to transition to agroecology nationally 
was initiated by the former French agriculture minister, 
proposing a transformation of agriculture to meet 
economic, environmental, and social performance goals.157  
This initiative included many stakeholders (public service, 
academia, NGOs, farmers, and educational institutions), 
and included efforts to reduce use of pesticides, antibiotics, 
and energy, and to increase organic agriculture. By 2018, 
€10 million had been invested, about 7,500 farms or 9,000 
farmers were engaged in agroecological initiatives, and organic 
production had increased through collaborations called the 
economic and environmental interest groupings. These 
are collectives of farmers (with other stakeholder partners) 
recognized by the government, who engage in a multi-year 
project of modification or consolidation of their agroecological 

practice. While there has not been a significant impact to date 
on biodiversity, there has been an increased mobilization and 
awareness about agroecology as a viable approach to change 
agricultural production modes and transform the agrifood 
system in the French context.158 

These two examples point to the potential for agroecology 
to be used as a policy approach for both large and small 
farms in Europe to halt biodiversity losses, with critical 
support needed from civil society, governments, business 
groups, social movements, and researchers to address 
remaining barriers to widespread adoption of agroecological 
practices.159 

5. Challenges and Opportunities 
in Scaling up Adoption of 
Agroecological Practices
In the previous section, several examples of how 
agroecological practices are being adopted at scale to build 
climate resilience were explored. Drawing lessons from 
these examples and the preceding analysis of agroecological 
principles and how they are applied, this section focuses 
on the barriers to adoption of agroecological approaches 
at scale. It focuses on how they can be overcome through 
actions of public and private sector governance following 
the framework set out in Figure 2, and by focusing on the 
field and farm scales of integration. The key constraints are 
grouped into three broad categories relating to: 

1. Creating a level playing field upon which 
agroecological approaches can be judged and 
decisions made to invest in them;

2. Embracing the complexity required for generic 
agroecological principles to be locally adapted to suit 
highly variable contexts; and

3. Enabling integration across sectors and scales 
necessary to foster holistic, rather than fragmented, 
implementation of policy.  

5.1 Creating a Level Playing Field
At the present time agroecological approaches are at a 
serious disadvantage relative to alternatives because of 
market failures that undervalue them, perverse policies 
that are antagonistic to them, and low investment in 
research about them and for their implementation.
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Addressing market failures 
Decisions about investing in agroecology by farmers and 
other public and private sector actors are distorted because 
many impacts of agricultural systems do not have market 
prices, and so are not factored into decisions; these are 
referred to as externalities. This has been increasingly 
recognized over the last quarter of a century through 
attempts to value ecosystem services and develop payment, 
or other reward mechanisms, for farmers who adopt 
practices that either reduce negative, or enhance positive 
externalities.160  The following three key ways to address this 
deserve continued attention:

• Consumer choices                                                                      
A key principle of agroecological approaches is to more 
closely connect producers and consumers (Box 2, Figure 
1). There is an increasing interest by food consumers 
in where and how the food that they eat is produced, 
processed, stored, transported, and sold, driven by 
concerns about human and planetary health.161 In addition 
to driving private and public sector market interventions 
(often via civil society), consumers can directly influence 
the profitability of adopting agroecological practices at 
farm level through their purchasing decisions. These, in 
turn, affect the market access and price of agroecological 
products relative to alternatives. 

This is only possible where it is known where and how 
food is produced, it is labeled accordingly, and the 
labeling is trusted by consumers, requiring development 
of both tracking mechanisms and bridging social capital 
among producers and consumers. Both the public and 
private sectors invest in trying to influence consumer 
choice through shaping choice architecture; that is, the 
ways in which choices are presented to consumers 
and the use of personalized nudges towards particular 
purchasing decisions.162 

Advances in Information and Communication Technology 
(ICT) and the emergence of big data, on the one hand, 
hold a promise of increasing the agency of consumers to 
participate in more democratically controlled food systems; 
by better connecting consumers with producers in ways 
that would be likely to favor agroecologically produced 
food.163 On the other hand, they present a danger of an 
increasingly concentrated corporate food retail sector 
nudging consumer choices toward what is profitable 
for the industry in the short term, rather than what is 

healthy for people and the planet in the long term.164 Who 
controls ICT and big data and how it is used are likely to 
be critical for the future development of agroecological 
practices.

• Public and private sector market interventions               
Public sector investment affects markets directly 
(through the purchasing decisions of public sector 
institutions) and indirectly (through regulation and 
provision of incentives to use particular inputs by 
subsidizing their use or the price paid for products). Civil 
society, in some contexts, is exerting pressure for public 
procurement of food for institutions, such as schools 
and hospitals, to deliberately favor agroecologically 
produced food.165  

Current incentives in many contexts, such as 
fertilizer subsidies, distort markets against adoption 
of agroecological practices. However, true cost 
accounting,166 coupled with ecological compensation,167 
are policy levers that are gaining increasing attention as a 
means to factor externalities into the cost of production. 
This creates a level playing field for investments in 
agroecological practices vis à vis alternatives. These 
positive incentives for socially and ecologically 
sustainable production are coupled with regulations that 
penalize negative externalities.

Private sector actors are also increasingly active in 
the governance of value chains through value chain 
upgrading that enables consumer choices, and through 
impact investment and sustainable finance mechanisms 
(often nurtured by public policy) that may support 
adoption of agroecological practice. However, reliable 
sustainability indicators (discussed under performance 
metrics below) need to be operationalized. Moves within 
the private sector to upgrade agricultural value chains,168  
and participate in certification schemes that guarantee 
sustainability and social justice along food chains, can 
contribute to enabling consumer choices (discussed 
above) that favor agroecological practice.169  

Small-scale producers, however, often have difficulties 
in accessing centralized certification schemes,170  which 
has led to the development of Participatory Guarantee 
Systems (PGS). This is an innovation in standards in 
which the oversight system for certification is created 
through a democratic process involving producers, 
experts, and consumers who ensure that standards 
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are acceptable to all.171 Key bottlenecks in harnessing 
private finance to support adoption of agroecological 
practices are the need to aggregate the activity of small-
scale producers for them to be able to access finance, 
and the predominance of slow variables (such as the 
accumulation of organic carbon in soils) in determining 
the sustainability of agroecological practices. This 
often results in a lag between investment and visible 
returns, requiring patient capital. Essentially, adopting 
agroecological practices, particularly with perennial plant 
components, represents an investment in ecological 
infrastructure that enhances ecosystem performance, 
conferring climate resilience in the long term. 

• Performance metrics                                                                   
A key to unlocking both public and private investment in 
agroecological practices is the development and adoption 
of comprehensive performance metrics for agricultural 
systems that take into account all social, economic, 
and ecological impacts, so effective comparisons can 
be made among alternative investments and, where 
finance is conditional on sustainability, this can be 
reliably assessed. Until recently, performance has been 
assessed largely in terms of yield per unit area and 
economic returns, which (as explained above) do not 
incorporate many key social and environmental impacts. 
Appropriate metrics vary with the scale of integration 
(Figure 3). For field level performance they vary with the 
purpose of the practice, and generally involve several 
complementary metrics, such as crop yield, income, 
water use efficiency, and carbon sequestration for 
FMNR, but would include impacts on natural enemy 
populations for control practices for FAW and, in many 
cases, pollinator populations, as for coffee agroforestry 
practices. At farm (or livelihood) level, the key metric 
for adaptation in smallholder systems relates to the 
resilience of livelihoods, which is indicated by TFP and 
how it is constituted. A key to understanding farmer 
decisions to adopt field level practices is their impact 
on TFP at livelihood level, with more broadly based 
livelihoods (related to the biodiversity and economic 
diversification principles of agroecology, Box 2 and 
Figure 1) conferring greater resilience.  

It is important to note strong feedbacks from landscape 
scale (such as plot to landscape scale multifunctionality) 
and food system scale (such as ecological footprint) 
metrics to decisions made at farm level to adopt 

agroecological practices. The landscape metric is 
calibrated to societal value based on where the landscape 
is located, and the food system metric depends on the 
cultural specificity of diet and consumption patterns, as 
well as production methods, processing, and transport. 
This highlights the context-specific nature of appropriate 
metrics. While compressing multifunctionality into 
single indices has value, it also involves, often implicit, 
trade-offs among non-substitutable elements, and so 
should be used in conjunction with explicit recognition 
and evaluation of trade-offs and synergies.

Reforming policies with perverse outcomes                       
As described above for the Sahel, agricultural and forest 
policies, even if well intended, may be barriers to the adoption 
of agroecological practices. Forest policy limits farmers’ 
ability to benefit from trees on their land, as does insecure 
or skewed distribution of land tenure and fertilizer subsidies 
(that may constrain investment in agroecological practices 
discussed above). In addition, many other policies and 
institutional arrangements, at a range of scales, may affect 
performance of agroecological practices and, therefore, 
decisions to adopt at field and farm level. Free movement 
of animals at landscape scale, for example, may make it 
very difficult to establish trees through FMNR at field level, a 
problem that may be overcome either by enclosing land or 
instituting regulations to control animal movement at village 
level (social fencing)172  or at regional scales, depending 
on the scale of movement involved. The key requirement 
is to review policies regarding negative consequences 
for adoption of agroecological practices and reform as 
necessary, coupled with positive development of policies 
that encourage adoption of agroecological practices (as 
discussed below with respect to integration across sectors 
and scales).

Improving the evidence base                                           
Despite their potential for providing both adaptation and 
mitigation benefits, there has been much lower investment 
in research about, and support for, implementation 
of agroecological approaches when compared with 
alternatives. For example, research and development 
spending in the U.S. related to diversified systems rather 
than monoculture  makes up <2 percent of public agricultural 
research funding,173  the FAO estimates that only 8 percent 
of their 2018–19 work contributes to agroecological 
transitions,174  and the UK aid for agroecological projects is 
<5 percent of agricultural aid and <0.5 percent of the total 
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aid budget since 2010.175  Not surprisingly, there is much 
less evidence relating to the performance of agroecological 
practices compared to alternatives, making it inherently 
more risky to embark upon new ventures. Increased 
public and private investment in research and promotion 
of agroecological practices are required to raise the level 
of knowledge about agroecological practices to that of 
competing alternative approaches. 

5.2 Embracing Complexity
As discussed in Section 2.4, agroecological practices occur 
where farmers apply agroecological principles to their local 
circumstances, rather than there being a prescribed set of 
agroecological practices. This generates a vast array of 
locally adapted agroecological practices, based as much 
on local knowledge as on science. It also challenges linear 
scaling models that assume discovery of new technology 
happens in research projects led by scientists, followed 
by pilots that test and refine the technologies across 
representative sites or farmers or both, before being 
widely disseminated through scaling up and out.176  In 
addition, it challenges the de facto prioritization of scientific 
knowledge over that of farmers, extension staff, private 
sector actors, or proponents of agroecological practices in 
social movements. Agroecological approaches, therefore, 
fit with recent understanding of agricultural innovation 
systems in which a diverse range of actors shape innovation 
processes,177  conditioned by the historical, political, social, 
and cultural context of a given place.178  This indicates a need 
for a fundamental reconfiguration of international, national, 
and local research and extension systems so that they are 
fit for the purpose of supporting local innovation, rather than 
geared towards transfer of externally generated technology. 
There are three key dimensions to this configuration that 
merit attention.

Options by context                                                                        
It is clear that rather than promoting one or two silver bullet 
technologies, agroecological practices need to be a locally 
adapted application of generic principles. Farmers’ social, 
economic, and ecological contexts all vary at fine scale, so 
that practices need to be developed and tested across a 
prodigious range of contexts to generate knowledge about 
what is likely to work where and for whom.179  Methods for 
doing this by embedding planned comparisons within the 
scaling up activities of development initiatives, working 
through farmer networks, and utilizing citizen science have 

been developed and successfully applied at scale. They 
now need to be mainstreamed to support agroecological 
innovation more widely.180 Stakeholder engagement, structured 
on the basis of local knowledge, has been found effective 
for generating diverse and inclusive agroecological options 
suited to variable local contexts.181  

Co-learning and horizontal knowledge sharing                      
It is well established that farmers have detailed and 
explanatory local knowledge about agroecological 
practices, how to manage them, and what determines their 
performance.182  It is also well established that the knowledge 
of extension staff is often a rich, untapped knowledge 
repository about suitability of options across contexts.183  
Shifting from a technology-transfer paradigm to embrace 
the co-creation of knowledge principle of agroecology 
(No. 8 in Box 2 and central in Figure 1) requires working 
through some form of multistakeholder  innovation platform 
that brings actors together in a participatory forum (Principle 
13 in Box 2) where knowledge can be shared, collaboratively 
generated, and collectively owned. This requires the science 
supporting the development and spread of agroecological 
practices to become transdisciplinary (see Section 2.1). It 
needs to go beyond integrating disciplines around solving 
real-world problems to also embrace the knowledge of all 
stakeholders and the development of methods based on 
iterative reflection on progress. Supporting local innovation 
also involves encouraging farmer-to-farmer dissemination 
of successful practices, rather than the use of hierarchical 
technology transfer modalities.

Social movements and science                                              
As seen in the case of ZBNF in India in Section 4.1, it is often 
social movements, rather than scientists or conventional 
extension approaches, that are critical for achieving rapid 
spread of agroecological practices among large numbers of 
farmers. This may be partly because messages are delivered 
in culturally relevant ways that foster behavior change, rather 
than as objective and dispassionate science. Differences in 
outlook and ways of working can lead to tensions between 
social movements and science, which can undermine 
progress in developing and scaling out agroecological 
practices. This makes efforts to bridge between knowledge 
cultures in social movements and among scientists a vital 
component of successful implementation of agroecological 
approaches at scale, combining scientific rigor with practical 
and cultural relevance.
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5.3 Enabling Integration
The final barrier to achieving adoption of agroecological practices 
at scale is the fragmentation of actors in policy formation 
and implementation across sectors, and missing links in the 
implementation of policy over layers of governance at different 
scales when moving from national commitments to local action. 
Addressing these two issues requires developing means to 
achieve integration horizontally (across sectors) and vertically 
(across scales).

Integration across sectors                                  
Agroecological practices often involve integration of 
components that, in many countries, are the responsibility of 
different ministries. This may be the case for the integration 
of agriculture and environment, as well as for trees and 
agriculture, livestock, water, and energy. This means that 
it may be necessary to develop instruments that enable 
inter-ministerial cooperation to develop and implement 
appropriate policies to support widespread adoption 
of agroecological practice. Horizontal integration may 
involve different mechanisms, such as discussion of Prime 
Ministerial Orders to implement a national agroforestry 
strategy and action plan in Rwanda. This is in contrast 
to the establishment of a delivery unit in the ministry of 
agriculture, but linking to other ministries, to deliver a 
national agroforestry scaling strategy in Ethiopia.184  

Despite difficulties in reconciling overlapping responsibilities 
with inter-ministerial cooperation, several countries now 
have national agroforestry strategies, or policy processes, 
or provisions, including India, Nepal, Peru, Ethiopia, and 
Rwanda. There are ongoing processes to develop national 
instruments in Uganda, Vietnam (where there already are 
incentives for farmers to adopt agroforestry at a provincial 
level), and Indonesia. Agroforestry is now explicit in the EU 
common agricultural policy.185  These examples illustrate 
how it is possible to develop innovative cross-sector 
policy processes where there is sufficient inclination to do 
so. As intimated in Section 3.3, agroecological practices, 
particularly agroforestry, have been identified within many 
Nationally Determined Contributions (NDCs) of the Paris 
Agreement on climate change.

Integration across scales                                                       
While there are prodigious national and regional 
commitments to restoration that invoke agroecological 
practices responding to the Bonn Challenge, AFR100 in 
Africa and the 20 x 20 initiative in Latin America (already 
referred to in Section 4.4), translating these to actions 
on the ground is more challenging. A key bottleneck in 
implementing policy to manage trade-offs among impacts 
of adopting changes in land use practice on ES provision 
is the lack of policy structures, instruments, processes, or 
social capital at the local landscape scale (10–1000 km2), 
at which many ES first manifest and so can be managed.186  
Developing policy implementation arrangements at local 
landscape scales is critical for creating incentives for more 
environmentally friendly and sustainable land use practices 
that include agroecological practices.

6. Outlook for the Widespread 
Use of Agroecological Practices 
to Enhance Adaptation
Locally appropriate agroecological practices clearly have 
potential to increase the resilience of livelihoods and 
enhance adaptation to climate change at field and farm 
levels across a wide range of contexts, often with significant 
mitigation co-benefits that might help to finance their 
establishment. Their potential will only be realized, however, 
if action is taken across hierarchical levels to remove 
barriers to their adoption (Figure 7). These need to address 
market failures and reform policies that create perverse 
incentives, at the same time as adopting comprehensive 
performance metrics for agricultural systems that factor in 
social and environmental externalities. A reconfiguration 
of the relationship between formal science and local 
knowledge, including bridging differences in outlook and 
emphasis between social movements and the scientific 
establishment, is required to foster co-learning among the 
diverse range of stakeholders involved in development and 
promotion of agroecological practice. Finally, integration of 
policy processes across sectors and scales is required to 
create an enabling environment that encourages adoption 
of agroecological practices. 
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FIGURE 7 Key Actions Required to Enable Adoption of Agroecological Practices at Scale to Build Resilience of 
Farming and Food Systems

While these are far-reaching requirements that demand joined up thinking and action, the recent change in outlook that is 
shifting public perception toward recognition of a climate emergency might create the pressure required to nudge decision-
makers in the public and private sectors, scientists, consumers, and farmers to take the necessary actions required to put 
agroecological practices on a par with alternatives, which is a prerequisite for their more widespread adoption. 

Source: Developed by the authors.
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