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Foreword
This year’s Global Food Policy Report on food systems transformation and climate change echoes the somber warning issued by recent IPCC reports: as we continue to degrade the environment and push beyond our
planetary boundaries, we are entering a “Code Red for Humanity.” Food systems are inseparably linked to this
unprecedented crisis, which threatens the food security, nutrition, and health of billions of people. Our food systems are not only severely impacted by climate change, requiring an urgent focus on adaption, but also play a role
in causing about one-third of global greenhouse gas emissions, with two-thirds of that resulting from agriculture,
forestry, and other land use. Investing in food systems transformation is a key piece of the climate change puzzle,
yet it is vastly underfunded, with only a small part of climate finance directed toward this goal.
In 2021, as the COVID-19 pandemic continued to trigger health and economic crises around the world, the
international community came together to recognize the centrality of food systems for meeting development
and sustainability goals. The first-ever United Nations Food Systems Summit advanced food systems to the top
of the global policy agenda, and the UNFCCC COP26 commenced plans to truly incorporate agriculture into
COP27 in 2022. But these developments fall far short of what is urgently needed: a wide range of investments in
climate-positive research, development, policies, and programs rooted in food systems.
The 2022 Global Food Policy Report highlights a range of evidence-based policies and innovations that should
be prioritized and implemented now to tackle adaptation and mitigation in our food systems. Drawing on research
from IFPRI and other CGIAR centers, it offers lessons that can help us better achieve food security, nutrition, and
sustainability through climate-positive financing, innovation, and governance.
Going forward, research on transforming food systems to deal with climate change will remain at the heart of the
2030 CGIAR Research and Innovation Strategy. This strategy guides science and innovation initiatives at IFPRI and
One CGIAR to advance the transformation of food systems, as well as land and water systems, in a climate crisis. The
COVID-19 pandemic as well as the current upheaval of global food markets, caused by a series of conflicts around
the world, have made this research strategy even more essential and urgent.
We hope that the 2022 Global Food Policy Report will support transformation by contributing to global policy
discussions and to the many national and local policy discussions and reforms that will be essential to food systems
transformation. We look forward to engaging and working together with many partners around the world to contribute to this transformation and thus to a better future.

JOHAN SWINNEN
Director General, IFPRI
Global Director, Systems Transformation, CGIAR
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CHAPTER 1

Climate Change and Food Systems
Transforming Food Systems for
Adaptation, Mitigation, and Resilience
JOHAN SWINNEN, CHANNING ARNDT, AND ROB VOS
Johan Swinnen is director general, International Food Policy Research Institute (IFPRI), and
global director, CGIAR Systems Transformation Group, Washington, DC. Channing Arndt is
division director, Environment and Production Technology Division, IFPRI, Washington, DC.
Rob Vos is division director, Markets, Trade, and Institutions Division, IFPRI, Washington, DC.

KEY MESSAGES
■

■

Climate change is a growing threat to our food systems,
with impacts becoming increasingly evident. Rising
temperatures, changing precipitation patterns, and
extreme weather events, among other effects, are
already reducing agricultural yields and disrupting food
supply chains. By 2050, climate change is expected to
put millions of people at risk of hunger, malnutrition,
and poverty.
Aspirations for food systems are extremely high.
Global summits in 2021 highlighted the central role of
food systems transformation in the world’s response
to climate change as well as meeting multiple other
development goals. Action to address climate change
is underway but must be hastened by accelerating
innovation, reforming policies, resetting market
incentives, and increasing financing.

■

Adaptation is urgent, but feasible for food systems.
Food production, distribution, and consumption
practices must all be adapted to climate change to
better support rural livelihoods and provide healthy
diets for all, even as population and income growth
increase the demand for food.

■

Food systems contribute substantially to greenhouse
gas emissions and must play a role in mitigation through
changes in agricultural practices and land use, more
efficient value chains, and reduced food loss and waste.

■

Many promising innovations and policy approaches
show potential to address climate change in food
systems while also increasing productivity, improving
diets, and advancing inclusion of vulnerable groups.
These range from new crop varieties, clean energy
sources, and digital technologies to trade reforms,
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landscape governance, and social
protection programs. All of these
will require substantial increases in
funding for R&D and other investments
in sustainable food systems
transformation.
■

Food systems policies that create better
market incentives, strengthen regulation
and institutions, and fund R&D for
climate-resilient technologies and
practices are needed to catalyze and
accelerate climate action.

Climate change is a growing threat to our food systems, with grim implications for food and nutrition
security, livelihoods, and overall well-being, especially
for poor and vulnerable people around the world. The
imperative for urgent action on climate change — both
to achieve the major emissions reductions needed to
limit global warming and to increase adaptive capacity and resilience of food systems — is drawing global
attention.
The impacts of global warming are becoming
increasingly evident. Higher temperatures, changing
precipitation patterns, sea level rise, and growing frequency and intensity of extreme weather events such
as droughts, floods, extreme heat, and cyclones are
already reducing agricultural productivity, disrupting
food supply chains, and displacing communities.1 At
the same time, food systems are estimated to contribute more than a third of the global greenhouse gas
(GHG) emissions responsible for climate change,2 placing food production at the center of attention as both
a contributor to global warming and a critical sector
for mounting an adaptive response to climate change.
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Looking forward, modeling scenarios, created by researchers at the International Food Policy
Research Institute (IFPRI) together with other CGIAR
colleagues, indicate that rising temperatures will negatively impact agricultural yields, driving up prices and
resulting in increased hunger, especially in Africa (see
IMPACT data in this report for details).3 The goal of
ending hunger will remain elusive even by 2050, especially considering the additonal impacts of extreme
weather events, local shocks, and global crises, such
as COVID-19 and the current war in Ukraine, that will
push many more people into poverty and hunger.
Thus, beyond its direct impacts on production, climate
change will create cascading effects on livelihoods
and sustainability through interconnections among
economic, environmental, social, and political spheres.

Even in the absence of climate change, food systems face enormous challenges and demands. Hunger
and malnutrition are rising, and over 3 billion people
currently cannot afford a healthy diet.4 Food systems are the world’s largest “employer,” but for many,
particularly women, youth, and other vulnerable
groups, agriculture-based livelihoods are precarious.
In addition, food systems are major contributors to
environmental degradation beyond GHG emissions,
including deterioration of water resources and loss of
habitat and biodiversity, which compromise environmental services that support food production.
Yet global aspirations for food systems are
extremely high. As was made clear at the 2021 UN
Food Systems Summit (UNFSS), food systems must
play a central role in achieving multiple, pressing sustainable development and climate goals, from the

Box 1 INTERNATIONAL SPOTLIGHT ON FOOD SYSTEMS AND CLIMATE ACTION
Key international events over the past year have cemented the centrality of food systems transformation in the climate change
and Sustainable Development Goals (SDG) agendas. Global calls for “building back better” after COVID-19 include a push for more
sustainable, healthy, and equitable food systems. The chorus of voices for change suggests that now may be the moment.
The United Nations convened its first-ever Food Systems Summit (UNFSS) in September 2021, marking an important shift
from prior World Food events (1992, 1996, 2002). By moving to a food systems view that encompasses the production, processing,
transport, and consumption of food, the UNFSS highlighted the role of global food systems in achieving the SDGs by 2030. The
close links among food security and nutrition goals, climate goals, and many of the other SDGs point to the “the need to confront
the realities of balancing food production with climate action, affordable food with healthy diets, and stable food supplies with fair
and open trade.”a Likewise, the December 2021 Tokyo Nutrition for Growth Summit highlighted the links between food systems and
nutrition and climate change.b At the close of the UNFSS, the UN Secretary General outlined the need for concrete follow-up at the
national level, as countries prepare pathways to transform food systems and achieve their climate commitments.c
The UNFCCC COP26 held in November 2021 stressed that much more action is required to meet commitments to net zero
emissions, and countries were asked to strengthen current targets. In the realm of agriculture and land use (AFOLU), 137 countries
pledged to halt and reverse forest and land degradation by 2030, and over 100 countries pledged to reduce methane emissions,
including those from the agriculture sector.d The Koronivia Joint Work on Agriculture, an important workstream of the UNFCCC,
highlighted the key role of soil and nutrient management practices and livestock management systems, and signaled that a draft
decision on agriculture will be released in 2022. While such promises are encouraging, previous commitments have not been met.
The 2009 pledge to provide US$100 billion per year from 2020 through 2025 for climate change adaptation in developing countries,
for example, has been postponed for several years.
The 2021 commitments will require concrete follow-up by national governments to ensure real change. Significant shifts in public
and private investment will be essential, an issue that was discussed at both UNFCCC and UNFSS (see Chapter 5, Box 1). The 2022
UN Conference on Biodiversity and the World Trade Organization ministerial conference, also planned for 2022, will provide further
opportunities to advance global climate and food systems action.
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local to the global level. This message was strongly
reinforced at last year’s UNFCCC COP26 in Glasgow
(Box 1). These aspirations envision food systems that
are far more nature-positive, deliver improved and
more resilient livelihoods, empower disadvantaged
groups, and produce a healthy mix of foods at affordable prices. Food systems are called on to accomplish
all these goals in the context of a rapidly changing climate and while making a substantial contribution to
achieving net zero GHG emissions by 2050.
Action to address climate change has begun, but
it urgently needs to be hastened by accelerating innovation, reforming policies, resetting market incentives,
and increasing financing for sustainable food systems
transformation. This year’s Global Food Policy Report
sets out a broad range of opportunities for accelerated action that should be considered by international
and domestic forums for policy and investment
decision-making.
This first chapter has two purposes. First, we
ground this report in current realities related to the
climate change adaptation and mitigation demands
upon food systems. These issues have been highlighted and explored in recent global forums and
publications such as the UNFSS, COP26, and the Sixth
Assessment Report of the IPCC, so we discuss them
only briefly here. The second half of this chapter summarizes the major findings and recommendations
presented in this report.

ADAPTATION AND MITIGATION
IN FOOD SYSTEMS
ADAPTATION IS URGENT, BUT FEASIBLE
FOR FOOD SYSTEMS
The world remains far from achieving the emissions
reductions needed to constrain warming to 1.5°C
above pre-industrial levels. While this goal remains
feasible, the longer we wait, the more difficult achieving it will become. For each tenth of a degree that
the global average temperature rises above 1.5°C,
human and environmental costs are expected to escalate at increasing rates. For the foreseeable future,
climate change will continue to disrupt food systems
with greater frequency and severity, unless action is
taken now.

Food production, distribution, and consumption practices must be adapted to climate change in
order to support rural livelihoods and provide healthy
diets for all, even as population and income growth
increase the demand for food. At the farm level, adaptation must address changing growing conditions,
water scarcity, droughts and floods, increased risks
of destructive weather events, and related risks of
disease and pests. Along value chains, storage and
logistics will also be affected by climate change, and
price volatility will increase, with implications for processors, traders, and consumers as well as farmers.
Climate change will put increasing pressure on scarce
resources, which can increase the risk of conflicts.
Such conflicts can affect entire value chains and are a
major driver of increases in global food insecurity and
hunger.5 Recent experience with the COVID-19 pandemic has shown us how disruptions in one part of a
value chain can have wide-reaching impacts. But it has
also shown us how food systems, including public and
private sector actors, can respond and adapt quickly
to severe shocks.
A number of promising innovations show potential to support adaptation and build resilience while
also increasing productivity. New crop varieties can
better withstand climate shocks as well as improve
yields. Solar energy can be used to improve product
storage as weather conditions worsen, and also contribute to mitigation. Digital technology can expand
access to knowledge and services in rural areas, allowing producers to adapt practices to local conditions
and improve market access. Many climate-smart innovations, such as no-till farming, agroforestry, and
landscape management, will also support mitigation by sequestering carbon or reducing emissions.
However, technical innovations will never reach their
full potential without the right enabling environments, including policy incentives and governance
approaches that promote climate-positive change and
inclusion of all food systems actors. Policies and institutions at the local, national, and international levels
need to incentivize the development and adoption of
new technologies and practices and ensure adequate
finance. They must recognize potential trade-offs — in
terms of yields and efficiency — between sustainable
systems and existing or other modern farming practices and between sectors, such as water and energy.
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Policies must also facilitate coordinated action across
stakeholders and ensure equitable systemic transformation for all.

Figure 1 Greenhouse gas emissions from
food systems, 1990 and 2018
20,000

FOOD SYSTEMS HAVE A VITAL ROLE TO PLAY IN MITIGATION

10

15,000
mt CO2 per year

Despite international commitments to reduce GHG
emissions, total net anthropogenic GHG emissions
continue to rise. Stepped-up efforts to reduce GHG
emissions are required of developed economies,
and progress by developing and emerging economies is also necessary, but it is important to bear in
mind that the least developed countries accounted
for only 3.3 percent of global GHG emissions in 2019.6
Absolute emissions from fossil fuels in some developed countries (Western Europe, North America,
Australia, and New Zealand) have been trending
downward, largely as a result of policy support and
technological advances, including development of
clean energy sources.7 For now, developed countries
are leading the way in these innovations, but as these
and other technologies mature, they must be swiftly
adopted in developing country markets.8
Food systems account for as much as 34 percent
of total greenhouse gas (GHG) emissions stemming
from agriculture and land use, storage, transport,
packaging, processing, retail, and consumption.9
Continued technological progress in the energy and
transport sectors can reduce fossil-fuel use and emissions throughout food systems, including in irrigation,
processing, transport, cold storage, and waste recycling, where emissions are currently increasing. But
two-thirds of food system GHG emissions — or about
21 percent of total emissions from all sources — are
from agriculture, forestry, and other land use (AFOLU)
(Figure 1).10
AFOLU can deliver substantial emissions reductions
and carbon sequestration.11 It is the only economic
sector with serious potential to become a net emissions sink — pulling more GHGs out of the atmosphere
than it emits — through creation and protection of carbon sinks such as forests.12 Given that some sectors
(energy, industry, transport, buildings) will not reach
net zero emissions by 2050, AFOLU must reach negative emissions to achieve the topline goal of COP26:
Secure global net zero emissions by mid-century.
Viewed in this way, AFOLU must achieve significantly
larger total emissions reductions than other sectors.

10,000
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0

Developing
Developed
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Farm gate

Developing
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Pre- and post-production

Land use charge

Source: Constructed using data from F.N. Tubiello, K. Karl, A. Flammini,
et al., “Pre- and Post-production Processes along Supply Chains
Increasingly Dominate GHG Emissions from Agri-food Systems Globally
and in Most Countries,” Earth Systems Science Data Discussion [preprint
2021].

Yet realizing this potential requires addressing substantial barriers, such as insufficient institutional and
financial support, uncertainty regarding long-term
increases in sequestration, risks of carbon sequestration reversal, and our ability to measure and verify
sequestration.13
Globally, land use change and management
accounts for almost half of total CO2 emissions from
AFOLU (Figure 2).14 Net agricultural land expansion is
concentrated in the developing world,15 and between
2003 and 2019, cropland expanded by about 9 percent
globally, principally due to agricultural expansion
in Africa and South America. Conversely, land use
change in the United States is providing a net sink, offsetting about 12 percent of total US emissions (and
more than all US emissions from agriculture).16 For
developed countries, the top priority should be measures that will turn their landscapes into larger net
sinks for emissions. For developing countries, the priority should be fostering agricultural practices that
both raise productivity and turn the tide on AFOLU
emissions.
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Figure 2 Global AFOLU emissions shares by source
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to 2018,” Environmental Research Letters 16, 7 (2021): 073005.
Note: AFOLU = agriculture, forestry, and other land use.

Significant GHG mitigation can also be achieved in
AFOLU by reducing nitrous oxide emissions from fertilizers and methane emissions from paddy rice and
enteric fermentation (from cattle and other ruminant
digestion) as well as decreasing emissions intensity
within sustainable production systems and reducing
food loss and waste. From the demand side, shifting food consumption toward healthy diets has also
been found to have substantial potential for emissions
reduction.17 Combined, these efforts could move the
world toward net zero emissions.

POLICY RECOMMENDATIONS
Promising policy responses for adaptation, mitigation,
and resilience to climate change are explored in this
Global Food Policy Report. Eleven thematic chapters
and a regional section, covering six major developing regions, examine policy options and opportunities
for change. These are arranged in three broad groupings: 1) Global frameworks for policies and incentives
(Chapters 2–5), 2) Inclusion and diversity, livelihoods,
and resilience (Chapters 6–8), and 3) Sustainable production and consumption (Chapters 9–12). Here we
review broad findings and recommendations from
these chapters that can support climate change

responses in the short term and build resilience and
capacity for the future.
R&D for climate-resilient, resource-efficient,
and sustainable innovations in food systems. A
promising portfolio of technology innovations could
accelerate sustainable food systems transformation.
Many of these innovations have proven potential to
both raise productivity and reduce GHG emissions
intensity in agrifood production. Irrigation technologies, such as drip irrigation and solar power pumps,
can both improve yields and reduce emissions
(Chapter 9). New genome-editing technologies, such
as CRISPR, have proven capable of rapidly developing crop and animal varieties suited for climate change
adaptation and mitigation (Chapter 10). Improved
cold chain technologies, powered by solar energy,
and new drying methods are increasing food quality
and availability and reducing food loss and waste, particularly for perishable nutritious foods (Chapter 11).
Digital innovations are revolutionizing production,
markets, and delivery throughout food systems, with
great potential for improving productivity and quality and reducing natural resource use and food loss
and waste. This broad array of innovations in data use
stretches from precision agriculture, improved weather
forecasting, and use of robotics to blockchain-based
product quality and sustainability traceability and to
e-logistics and e-commerce for enhanced value chain
efficiency (Chapters 11 and 12).
Development and adoption of such “disruptive”
innovations requires investment in R&D. A review
of evidence on the benefits of past investments in
R&D for innovation in agrifood systems finds that the
benefit-cost ratio of such investments can be at least
10 to 1, contributing much more to reducing poverty and hunger than other development investments
(Chapter 4).18 Looking forward, an investment in R&D
equivalent to just 1 percent of agricultural output
could produce a sustained increase of 30 percent in
food production (Chapter 2).19 In addition, investment
in development and adaptation of such “green” innovations for use in low- and middle-income countries
(LMICs) could help reduce AFOLU emissions by some
40 to 50 percent.20 Despite these substantial benefits,
food systems R&D is notably underfunded, especially in LMICs (Chapter 4), with only a tiny fraction of
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Appropriate design of policies, institutions and governance
systems at all scales can contribute to land-related
adaptation and mitigation while facilitating the pursuit of
climate-adaptive development pathways (high confidence)
— International Panel on Climate Change 2019

agricultural innovation investment targeting environmental outcomes. Based on this evidence, this report
recommends that:
■

Public investments in R&D for productivityincreasing and emissions-reducing innovations
should be doubled from current levels, with at least
$15 billion of the increase for innovations benefiting
food systems in LMICs.

■

R&D investment should focus on innovations for
sustainable intensification in LMICs, both on and
beyond the farm.

■

Global and regional mechanisms for knowledge
sharing, such as the CGIAR system, should be
enhanced and strengthened to facilitate technology diffusion that benefits countries with limited
domestic research capacity (Chapter 4).

■

Governments should create stronger enabling
environments to attract private sector investment
for agrifood innovations and to spur adoption of
improved technologies and practices, including
resetting distortionary market incentives created by agricultural support and trade regulations
(Chapter 2, 3, 5) and improving regulation for safe
adoption and market acceptance of new technologies (Chapter 10).

Holistic, inclusive governance and management
of water, land, forests, and energy resources.
Improved efficiency of natural resource use will be
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essential to increasing productivity while reducing environmental degradation and GHG emissions.
The close links among water, energy, land use, and
food systems require integrated policy responses
to climate change in order to prevent undesirable
trade-offs among development goals. Use of modern energy technologies, for example, is essential for
raising productivity — including for pumping of irrigation water and storage, transport, and processing
of food products — but fossil-fuel use contributes to
GHG emissions. Expanding access to “clean” energy
sources, including solar power, in the agrifood sector is therefore critical, but brings its own risks of
increased exploitation of water and other farm inputs
(Chapter 9).
Governance through integrated landscape
approaches has potential to achieve sustainable
use of land, water, forest, and energy resources
(Chapter 7), including long-term productivity and
greater sequestration of CO2. However, integrated
landscape management is complex; it requires effective stakeholder engagement, inclusive governance,
adequate coordination among local, regional, and
cross-border natural resource management, and compromise among diverging economic and political
interests (Chapter 7). To promote integrated landscape
approaches and sustainable resource use, this report
recommends that:
■

Agricultural, food, and climate change policies
should explicitly consider landscape dimensions
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and provide incentives for integrated landscape
management through local governance, including development of multistakeholder platforms
that can build support for collective action on climate change.
■

■

■

Land tenure and access rights to other natural
resources for farmers, rural households, and communities should be strengthened to motivate
investments in sustainability and participation in
landscape governance (Chapter 7).
Governments should promote adoption of clean
energy sources in agrifood systems through an
enabling environment and appropriate financial
incentives for the use of wind and solar power and
decentralized electricity grids (Chapter 9)
Identification of productive-use locations that could
jointly support energy, water, and food security can
be used to attract investments that increase productivity and sustainability (Chapter 9).

Promoting healthy diets and increased sustainability of food production. Globally,
undernourishment and micronutrient deficiency continue to rise even as overweight and obesity are
becoming more prevalent. Both forms of malnutrition
now affect about a quarter of the world’s population,
with some people suffering from both, and poor diets
are among the largest global health risks. 21 Making
healthy diets affordable and influencing consumers
to make healthier choices is key to overcoming these
global nutrition challenges and can be well aligned
with addressing climate change (Chapter 8). The ecological footprint of healthy diets — those without
excessive consumption of highly processed foods and
red meats — has been found to be much lower than
that of prevailing diets across the world, but especially
those in advanced countries.22 Changing dietary habits is not easy, however. Key policy directions include
the following:
■

All countries should adopt national food-based
dietary guidelines. These can be a key policy instrument to translate global evidence on healthy and
sustainable diets into practical, culturally appropriate, and context- and population-specific dietary
recommendations (Chapter 8).

■

Innovation policies should prioritize R&D for
nutrient-rich foods (including fruits and vegetables)
to make healthy diets more affordable (Chapter 2).
Targeted consumer subsidies and removal of
taxes on healthy foods will also help to lower the
costs of healthy diets for low-income households
(Chapter 8).

■

Consumers can be encouraged to make healthy,
sustainable food choices through changes in the
food environment, including use of food standards,
labeling, and certifications that warn of unhealthy
foods and signal the nutritional value and environmental footprint of foods (Chapter 8).

Improving value chain efficiency, facilitating
trade, and reducing food loss. Climate change
impacts — including shifts in crop production, rising
temperatures, changing humidity levels, and more
frequent extreme weather — will affect whole value
chains through which agricultural products are traded,
aggregated, processed, and sold to consumers.
Incentives for producers and other value chain actors
will be altered as climate change reduces the effectiveness of some inputs, increases risks, and impacts
transaction costs. International trade can play a key
role in softening these impacts — by reducing price
volatility and providing access to food for countries
that have suffered a drop in production. Trade and
investments in climate-smart practices all along value
chains can support adaptation through increased efficiency of resource use and reductions in food loss.
Climate-smart practices in value chains can also support mitigation. A large share of agrifood sector
GHG emissions (35 percent) is generated beyond the
farmgate, largely by energy use in long supply chains
and food waste and loss (Figure 1).23 Policy priorities include:
■

While efforts to reduce transport-related GHGs
should be continued, free and open trade should
be an integral part of climate-smart agricultural
and food policies. Trade allows countries to obtain
nutritious foods at the lowest cost and can be a key
tool for adaptation in the face of weather-related
shocks. Globally, trade can also promote more
efficient use of natural resources and thus help
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reduce GHG emissions from agrifood production
(Chapter 3).
■

■

Investments along value chains for efficient and
safe storage and transport of food crops and
products, including low-emissions cold chains for
perishable products and other measures to prevent
spoilage and safety hazards, can improve access
to healthy diets and reduce food waste and loss
(Chapter 11).
Increasing consumer demand for sustainably produced foods, for example through certification
programs, can create incentives for changing practices along entire value chains (Chapter 11).

Inclusion and social protection. Poor rural populations who depend on agrifood systems for food
and livelihoods are among the most vulnerable to
the impacts of climate change. These groups remain
underserved in many ways, including access to markets, finance, and knowledge, as well as infrastructure,
energy, and natural resources, and hence have limited
capacity to benefit from innovations in food systems.
The precariousness of their livelihoods leaves them
likely to lose income, experience hunger and malnutrition, and suffer long-term impacts on well-being when
climate-related shocks occur. Policy reforms must
both improve access to services, markets, and financial tools, particularly for women and other vulnerable
groups, and ensure a secure safety net for all vulnerable populations. Social protection systems now cover
about 2 billion people around the world, and while
their potentially important role in addressing climate
change challenges has been recognized for more than
a decade, they now need to be expanded to do so
more effectively. Increased resilience, empowerment,
and agency among the disadvantaged can support
multiple social, economic, and environmental benefits.
■
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Climate-positive food systems transformation
will require development of context-appropriate
institutions and in “soft” infrastructure inclusive
of rural and urban food system actors, including
equal access to digital climate services, innovative
insurance tools, advisory services and actionable information, and financial services to support

increased productivity and sustainability (Chapters
9 to 12).
■

Women’s participation, along with that of other vulnerable groups, should be strengthened across
resource governance, including in clean energy
systems, water systems, landscapes, crop development, and digital innovations (Chapters 7, 9, 10).

■

Social protection programs can provide a safety net
for vulnerable groups and support sustainable food
systems transformation, including the transition to
more climate-resilient crops and to off-farm and
urban employment (Chapter 6).

■

Expanding “adaptive” social protection programs
that comprise traditional social assistance, humanitarian responses, and disaster relief, and that are
integrated with complementary climate investments targeted to the poor, can immediately
reduce the impact of shocks and support inclusion
in food systems transformation (Chapter 6).

■

Improved real-time monitoring of food crisis risks
is needed to take early and preventative action to
protect vulnerable populations in contexts affected
by conflict, natural resource scarcity, and exposure
to climate shocks (Chapter 6).

Reorienting financial flows and attracting
new finance. The future of food systems depends on
access to sufficient funding to facilitate a shift to sustainable production and consumption and to better
livelihoods. Current financial flows — including agricultural support, international development funds,
and private investment — are at best insufficient and
at worst counterproductive to climate-resilient development. They often support unsustainable and
unhealthy production while undervaluing environmental impacts. As much as $350 billion per year will be
needed to meet climate-related goals in food systems
(Chapter 5), much of which could be “reoriented” from
existing sources. In addition, many smallholders and
small and medium enterprises lack access to finance
needed to transform their production practices and to
weather climate shocks. Moving forward, investment
for environmental, social, economic, and nutrition
goals could be increased in several ways.
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■

Reform of existing counterproductive incentives
created by current agricultural, trade, and investment policies can mobilize both public and private
finance for climate-positive food systems transformation and reorient funds toward climate finance
(Chapters 2, 3, and 5).

■

Public support to agriculture, totaling an estimated $620 billion per year worldwide, should
be repurposed toward R&D for green innovations
and incentives to producers to adopt and invest
in climate-smart technologies and practices. Such
innovations should focus on increasing productivity, reducing emissions, and enhancing resilience in
food production (Chapter 2).

■

International development funds should be clearly
targeted to meeting climate and sustainability
goals, and used to leverage or crowd-in private
funds from global capital markets (Chapter 5).

■

Reorientation of consumer demand — through
better information, food environments, and
fiscal tools — will also create incentives for producers to adopt and invest in sustainable and
climate-resilient practices (Chapters 5 and 11).

■

Innovative mechanisms for tapping additional resources, such as publicly guaranteed
“green bonds” or climate-change transparency

requirements for banks and investors, should be
explored to ensure climate finance needs will be
met (Chapter 5).
Achieving these reforms and ensuring widespread
adoption of innovations will be politically challenging. Policy solutions, including incentives, institutions,
and financing, will need to be tailored to a wide range
of contexts and to balance environmental, nutritional, economic, and social goals. Regions, countries,
and local landscapes will need to establish their own
priorities, address potential trade-offs, build constituencies for reform, and ensure that reforms generate
widespread benefits. The Regional Developments section of this report discusses the varied context of the
large global regions, and points to some promising
opportunities.
Investing in policies and innovations to support
sustainable food systems will contribute significantly
to global economic prosperity, poverty reduction,
food security, and healthy diets as well as to planetary
health.24 Reaching the ambitious goals set for food
systems will require inclusive, holistic approaches that
consider all components of our food systems, from
local to global and from farmer to consumer. Charting
optimal pathways for sustainable food systems transformation will be challenging, but we must step up our
efforts now to ensure our global future.
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CHAPTER 2

Repurposing Agricultural Support
Creating Food Systems Incentives
to Address Climate Change
ROB VOS, WILL MARTIN, AND DANIELLE RESNICK
Rob Vos is division director and Will Martin is a senior research fellow, Markets, Trade, and
Institutions Division, International Food Policy Research Institute (IFPRI), Washington, DC.
Danielle Resnick is a nonresident fellow, IFPRI, and a fellow with the Brookings Institution,
Washington, DC.

KEY MESSAGES
■

Agricultural support policies transfer around
US$620 billion per year to the farm sector worldwide.

■

Support policies based on subsidies and trade barriers
are highly distortive to markets and are also regressive,
as most support is provided to larger farmers. On
balance, the incentives this support creates appear to
increase greenhouse gas emissions that contribute to
climate change.

■

Support provided to the farm sector in the form of
subsidies involves budget allocations that can be
reallocated. Better outcomes could be achieved if
even a small portion of agricultural subsidies were
repurposed into investments in R&D dedicated to
productivity-enhancing and emissions-reducing

technologies. Repurposing would create
multiple wins — mitigating global climate change,
reducing poverty, increasing food security, and
improving nutrition.
■

Because current support policies are often politically
popular and serve well-organized interests, reform will
be difficult, especially since repurposing would need
to be internationally coordinated for greatest effect.

■

Successful reform will require detailed analysis of
winners and losers and thoughtful strategies. Creating
constituencies for reform at the national level and in
international forums will be essential to build political
consensus for concerted global action.
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Agricultural support policies provide enormous transfers of resources to farmers — about US$620 billion
per year worldwide in 2018–2020 — and enjoy strong
political support in both developed and developing
countries. Some agricultural support policies, such as
input subsidies, have boosted global food production,
particularly of staple crops, thereby reducing hunger
and poverty. Yet, there are serious concerns about
their impacts on achieving sustainable, healthy, and
inclusive food systems. Redirecting, or “repurposing,”
agricultural subsidies toward investments that support
both increased production and greater sustainability — such as agricultural research and development
(R&D) and rural infrastructure — has the potential for
win-win-win gains for people, planet, and prosperity.

CURRENT IMPACTS OF AGRICULTURAL
SUPPORT AND OPTIONS FOR REFORM
Current agricultural support goes largely to agricultural producers, primarily in forms that affect market
prices and distort incentives for producers and consumers (Box 1). Support coupled to output or input

use increases output, thus increasing greenhouse gas
(GHG) emissions from agricultural production and
land conversion for agriculture. Support provided
through trade barriers, however, may reduce global
emissions by reducing demand for output. The strong
focus of many agricultural support policies on promoting staple crops has improved access to basic calories
but has done much less to improve dietary diversity.
Moreover, impacts of the support are often regressive — benefiting wealthier commercial farmers, while
denying poorer farmers access to markets — and, when
provided through trade protection, raise the cost of
food and harm poor consumers.
Government support to agriculture is often justified
by perceived needs to protect farm incomes, ensure
food availability, and promote agricultural productivity. Of the $620 billion total, individual producers
received about $540 billion in “positive” support1 per
year (2018–2020) through market price support and
subsidies. However, its efficiency in delivering benefits to farmers is low, estimated at 35 percent,2 with the
remainder either shared with consumers or dissipated
as economic waste. Many interventions create trade
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Box 1 CURRENT AGRICULTURAL SUPPORT
Current agricultural support (provided by 54 countries for which comparable data are available) amounts to US$616 billion per year,
net of taxes on agriculture (2018–2020).a Of this, positive direct support to farmers amounts to $540 billion per year, but some farm
activities (often exports) are also taxed, at $104 billion globally per year. Thus, net direct farm support averaged $446 billion per year
in 2018–2020 (Figure A).

Box Figure A Agricultural producer support by main types of support, 2018–2020 (billions of US$ per year)
Direct producer support US$446 bn (=US$540 bn – US$104 bn)

Total support US$616 bn (=US$720 bn – US$104 bn)
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Source: OECD, Agricultural Policy Monitoring and Evaluation 2021 (Paris: 2021).

The “positive” direct support to farmers includes trade measures and market price support, valued at $272 billion per year in total.
This support generally does not entail use of government budget resources. Rather, it involves implicit transfers from consumers to
producers by creating a price gap between domestic market prices and border prices for specific agricultural commodities. Border
measures can take the form of import licenses, tariffs, tariff rate quotas, or export bans that raise domestic prices, benefiting the farm
sector. Some emerging and developing countries, including Argentina, India, Indonesia, Kazakhstan, Russia, and Viet Nam, implicitly
tax producers of certain agricultural commodities through export taxes or export restrictions, which depresses the domestic price of
these products. This “negative” market price support amounted to $104 billion per year, as mentioned above.
Support measures requiring fiscal expenditures amounted to $448 billion per year. These include direct transfers to producers
and consumers such as farm output or input subsidies, consumer food subsidies, and spending on public goods in support of
agricultural development. Three-quarters of this support ($268 billion) goes directly to farmers: $66 billion in the form of subsidies
directly coupled to levels of production and/or to input use and $202 billion in less directly coupled payments to farmers, such as
payments to land. Only a limited portion of budgetary support is for R&D and agricultural innovation systems, infrastructure, and
other general services for the sector, with only 4 percent of total support allocated specifically to R&D. In 2018–2020, direct support to
consumers in the form of food subsidies amounted to 11 percent of total positive support (or $78 billion per year globally).

conflicts between countries and very few help reduce
greenhouse gas (GHG) emissions, despite the threat
of devastating climate change impacts on agriculture,
especially in tropical zones. Only a small share of total
support is invested in public goods, including R&D
and rural infrastructure, although both the private and
social returns of such investments are estimated to be
very high (see Chapter 4).
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The need for reforms is now well recognized,3 and
the urgency of reducing GHG emissions and adapting
to climate change has added impetus to the calls for
reform. However, recent studies — discussed below —
have shown that simply eliminating all existing support
would not greatly reduce emissions, but would
depress farm incomes, increase poverty, and raise the
cost of healthy diets.4 Public discourse thus has shifted
to how existing support might be repurposed to create
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better incentives for producers and consumers. The
2021 United Nations Food Systems Summit (UNFSS)
called for such repurposing as part of a just rural transition to sustainable food systems.5

GLOBAL SCENARIO ANALYSIS: REMOVING ALL SUPPORT
In a series of recent studies, IFPRI estimated the
impact of a complete withdrawal of current agricultural support on GHG emissions, farm output, poverty,
food security, and diets using its global model,
MIRAGRODEP.6 A first, perhaps surprising, result is
that current measures have only a small influence on
the overall (global) volume of agricultural production
(Figure 1), although they do have important impacts in

individual countries. Second, at the global level, withdrawals of domestic subsidies and border measures
have offsetting impacts on production and emissions.
Removing subsidies reduces both global food output
and emissions, but removing border protection, which
acts as a tax on demand, slightly increases global
output and emissions in protecting countries. The
combination of removing both subsidies and border
support slightly reduces global output and GHG emissions from agriculture (Figure 1), lowers farm output,
and raises the cost of healthy diets. Thus, simply abolishing all support would not be a game-changer and
would involve trade-offs between environmental, economic, and social objectives.

Figure 1 Global implications of repurposing domestic support
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Source: M. Gautam, D. Laborde, A. Mamun, W. Martin, V. Piñeiro, and R. Vos, Repurposing Agricultural Policies and Support: Options to Transform
Agriculture and Food Systems for Better Health of People, Economies and the Planet, Technical Report (Washington, DC: World Bank and IFPRI, 2022).
Note: Green bars indicate movement toward societal goals; orange/red bars indicate movement away from societal goals.
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The impacts of removing all agricultural subsidies
differ substantially between rich and poor countries
(Table 1). The drop in farm income per worker would
be four times larger in developed countries than
in developing countries. Farm employment would
decline in developed countries but increase in developing countries, where higher world prices would
induce a supply and employment response. However,
poverty in developing countries would increase, as
higher food prices push more people below the poverty line. GHG emissions would fall by over 6 percent
in developed countries, but worldwide they would fall

GLOBAL SCENARIO ANALYSIS OF REPURPOSING SUPPORT

Table 1 Impacts of abolishing all agricultural
subsidies by country group (percent change)
World

Developed

Developing

0.05

0.05

0.04

Real farm income per worker

-4.51

-11.36

-2.70

World prices

2.93

2.93

2.93

Production volume – crops

-1.31

-2.56

-1.02

Production volume – livestock

-0.49

-1.10

-0.07

Macroeconomic
National real income
Farm Sector

Social
Farm employment

-0.53

0.25

-0.60

2040 poverty at PPP $3.20

0.05

-0.01

0.06

Dairy consumption per capita

-0.42

-0.49

-0.37

Veg & fruit consumption per
capita

-0.48

-0.54

-0.45

Healthy diet food prices

1.70

2.17

1.44

Emissions from production,
% of ALU

-0.59

-1.52

-0.38

Emissions from land-use
change, % of ALU

-0.89

-4.52

-0.07

Total emissions, % of ALU

-1.48

-6.04

-0.44

-0.06

-0.15

-0.01

Nutrition/Diets

Climate

Nature
Agricultural land

by only 1.5 percent because agricultural production
would shift to developing countries.
Clearly, agricultural policy reform must be carefully
thought through to achieve the drastic reductions in
GHG emissions that are needed to avert disastrous climate change impacts. Given the multiple goals that
food systems are now called upon to address, how can
the substantial resources that support agriculture be
repurposed in ways that simultaneously provide strong
incentives to reduce GHG emissions, improve food
system efficiency and farm productivity, and help combat poverty, hunger, and malnutrition?

Source: M. Gautam, D. Laborde, A. Mamun, W. Martin, V. Piñeiro, and R.
Vos, Repurposing Agricultural Policies and Support: Options to Transform
Agriculture and Food Systems for Better Health of People, Economies
and the Planet, Technical Report (Washington, DC: World Bank and IFPRI,
2022).

Existing subsidies can be repurposed in ways that
would make significant progress toward achieving both global climate and food security goals.
Additional model-based analysis conducted by IFPRI
and the World Bank7 indicates that investing an additional 1 percent of agricultural output value in R&D
for technologies that both increase the efficiency of
production and reduce emission intensities — such as
modified diets for ruminants and alternate wetting
and drying for rice — complemented by incentives to
farmers for the adoption of those technologies could
achieve greater gains with fewer trade-offs than simply
eliminating subsidies.
This scenario assumes an internationally concerted strategy in which all countries shift resources
from current market-distorting subsidies toward
more spending on R&D that reduces emissions and,
by raising productivity, creates incentives for farmers to adopt the improved technologies. The scenario
results are promising: global welfare and food output increase; food prices fall, making food and healthy
diets more affordable for many people; and poverty
rates fall worldwide (Figure 1). Global GHG emissions
from agriculture and land use change would drop by
about 40 percent, both because of the direct reduction in emissions from crop production and because
higher productivity reduces the need for agricultural
land. Farm incomes would fall with the removal of subsidies, although returns to farm labor would rise if
policy reform were combined with rural development
policies to facilitate a benign movement of labor out of
agriculture.

Note: ALU = agriculture and land use.
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The reduction in GHG emissions could be
increased further through complementary policies
not considered in this scenario analysis. These could
include measures — such as nutrition education, food
standards, and taxation — that influence food demand
and dietary choices to reduce excess consumption of
unhealthy or emissions-intensive food products (see
Chapter 8).

POLITICAL CONSTRAINTS
TO POLICY REFORM
Reallocation of agricultural support to R&D focused
on productivity-enhancing and emissions-reducing
technologies could produce better outcomes for food
security and nutrition and for the natural environment,
especially if carried out in an internationally coordinated manner. However, even the best reform agenda
will inevitably face considerable political hurdles.
Political economy studies typically focus on three
factors that shape policy outcomes: interests, institutions, and ideas.8 Interests matter because different
groups have different goals and different abilities to
organize to promote those goals. Institutions, such as
electoral processes, land tenure systems, and international organizations, matter because they filter whose
interests prevail in policy processes and shape the
scope of potential decisions. Ideas matter because
they influence both the goals of stakeholders and
the policies used to achieve them. Four case studies
of agricultural support policies presented here provide insight into the interplay among interests, ideas,
and institutions in generating support for particular
interventions and in achieving reforms in the face of
often-formidable obstacles (Boxes 2–5).
The power of interests and ideas. In recent years,
agricultural policy in India has pushed domestic food
prices below world levels, helping consumers but
hurting many farmers (Box 2).9 This is consistent with
a common global pattern: despite large agricultural
labor forces, many lower-income countries tax agriculture, while rich countries with few farmers generously
subsidize the sector.10 In wealthier countries, smaller
numbers of farmers tend to be more effective in lobbying for their interests than urban consumers, who
spend less of their incomes on food than consumers

in poorer countries. In addition to pressures from
special interest groups, policymakers often design
policies based on broad perceptions of what is considered best for agriculture and food security. Indian
policymakers have designed policies based on the
“idea-driven” goal of national self-sufficiency in staple
foods, seeing self-sufficiency as synonymous with food
security. In this regard, India’s input subsidy schemes
(especially for fertilizer and electricity) and its active
R&D program have helped maintain the supply of staple foods, and hence self-sufficiency, despite relatively
low farm prices. Input subsidies garner strong political
support from both farmers and input providers, interest groups who are perhaps less aware of the losses
they suffer from the low food prices (see South Asia in
the regional section). Where goals are in confict, the
interest in the self-sufficiency goal seems to be strong
enough to override the goal of relatively low food
prices — with India’s protection on import-competing
commodities generally positive, and that for exportables generally negative.11
Another important goal of India’s agricultural policy is price stabilization for key staple crops. The
country’s government has pursued this through a
combination of trade measures and public stockholding.12 Purchases for price stabilization and subsidized
food distribution to the poor are influenced by minimum support prices. When the Indian government
attempted to reform agricultural marketing arrangements in 2020, it encountered intense resistance from
different interest groups, including farmers, commission agents, and state governments, and eventually
dropped the reforms.13
Institutional commitments. The evolution of agricultural policies in China highlights a combination of
shifting social interests, institutional factors, and ideas
(Box 3). During the 1980s, the government taxed agriculture to provide low-cost food for urban consumers.
In the 2000s, government policies shifted dramatically
toward support for agriculture. This policy change
was, in part, a response to the widening urban–rural
income gap associated with rapid economic growth
and constraints on outmigration from rural areas. In
addition, China’s commitments at the World Trade
Organization (WTO) had an important institutional
influence by limiting the growth of agricultural trade
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Box 2 FARM SUPPORT AND OBSTACLES TO REFORM IN INDIA
Bharat Ramaswami
Professor of Economics, Ashoka University, Haryana, India
India’s agricultural policies support farmers through input subsidies (fertilizer, electricity, and hence groundwater) and consumers
through low food prices. Key staples, namely rice and wheat, receive substantial price support, and subsidized food distribution
schemes rely on public procurement that likewise benefits farmers. Electorally driven credit subsidies (created by forgiving formal
sector loans) are also sizable. However, agriculture does not provide a viable livelihood for most Indian farmers, with 86 percent of
farms working less than 2 hectares and mostly growing staple foods.a
Expansion of India’s farm support is a perennial election theme. Its enormous political traction persists despite the fact that price
subsidies have perpetuated the bias toward staple crops and hampered structural transformation and growth. At the same time,
interventionist agricultural trade policies generally protect consumers and implicitly tax producers.
Subsidies have also contributed to environmental degradation and greenhouse gas (GHG) emissions; most notably, methane
emissions from rice cultivation are sustained through rice price supports and electricity subsidies. Depletion of valuable water
resources is also aggravated by support policies, both directly (through electricity subsidies that promote groundwater withdrawal)
and indirectly (through output subsidies that promote overproduction of water-intensive rice). However, the policy debate on
environmental damage stemming from agriculture has focused on air pollution, as crop-residue burning is a major contributor to
poor air quality in northern India. Crop-residue burning is a common practice in the paddy-wheat crop rotation sustained by support
prices.b Reduction of GHG emissions has yet to receive similar attention.
Resolving trade-offs between supporting livelihoods and food security, on the one hand, and environmental sustainability on
the other, is a challenge in India. Current agricultural subsidies amount to about 2 percent of GDP, but account for about 20 percent of
farm income.c Any repurposing of support, including toward R&D and promotion of climate-smart policies, could thus cause hardship
for poor farmers.
In the past decade, successive Indian governments have experimented with reforms. Historically, open-ended procurement of
rice and wheat has been the primary mechanism to provide price support to farmers. The system is logistically demanding, however,
and leaves the government with unwanted stocks. For other crops, policymakers have favored price deficiency payments, which are
easier to administer despite being expensive and reproducing some of the market distortions of the procurement system. Policymakers
increasingly see direct (uncoupled) transfers as an alternative to these distortionary subsidies. Progress has been made in financial
systems to facilitate such payments, but gaps remain in reaching all farmers, in part because of poor land records and insufficient digital
connectivity.
Agricultural policy reform would serve India’s national interests and potentially make an important global contribution to climate
change mitigation, but it lacks political ownership. In addition, the country’s federal structure gives state governments considerable
influence over agricultural policies. Ignoring these constitutional constraints on federal authority has proved costly. In 2020, the central
government pushed through reforms to liberalize agricultural markets, but was forced to reverse course when it encountered strong
opposition from state governments, commission agents, and farmers, culminating in a year of demonstrations involving more than 5,000
protests.d These political interests would be less constraining in an economy that offered plentiful jobs in the nonfarm sector; as things
stand, reforms may have to be designed through consensus and then carried out incrementally to gain the necessary political support.

protection, leading policymakers to support farm
incomes through lump-sum payments to farmers.
More recently, China has also increased public investments in R&D and innovations in technologies and
practices that raise agricultural productivity, reduce
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GHG emissions, and enhance carbon sequestration —
a combination of approaches that helps both achieve
self-sufficiency goals and meet commitments under
international agreements on climate change (including the Paris Climate Accord). This exemplifies how
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Box 3 CHINA’S EFFORTS TO REFORM AND “GREEN” AGRICULTURE
Jikun Huang
Professor of Agricultural Economics, China Center for Agricultural Policy, Peking University, Beijing
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China’s agricultural performance has been impressive, averaging 4.5 percent annual sectoral growth and 7 percent annual growth in farm incomes
since the 1980s, while substantially diversifying production. Yet, many challenges remain.a The rural–urban income gap has widened, and
agricultural expansion has come at the cost of natural resource degradation and high greenhouse gas (GHG) emissions.
Achieving self-sufficiency in staple foods and stability of domestic food prices are policy priorities in China. The Chinese government implicitly
taxed agriculture until the early 1990s by keeping urban food prices low. This policy was reversed in the mid-1990s as concerns grew about the
expanding rural–urban income gap and urban consumers became less concerned about food prices. The government allowed domestic prices to
rise above world market prices and began providing direct payments to farmers — thus shifting from taxation of producers to protection of domestic
production. As a result, the nominal rate of protection (NRP) in agriculture increased from –50 percent in 1981 to around +13 percent in recent years,
with direct payments adding 5 percentage points (as reflected in the nominal rate of assistance, NRA; see Figure B).
The reversal in China’s agricultural policies might have been even greater if it had not been limited by the country’s commitment to multilateral
trading rules. For instance, protection of domestic rice production would likely have been higher if not for China’s commitment to a tariff binding
(cap) of 65 percent at the World Trade Organization (WTO). While the country’s policymakers remain committed to ensuring grain self-sufficiency,
they managed to do so without raising protection for rice, unlike other high-growth economies in the region.
To further support farm incomes, in 2004, the Chinese government introduced a direct payment scheme largely decoupled from agricultural
production and increased support through crop procurement schemes. Despite the huge fiscal cost, these reforms had only a modest effect on
average farm incomes, and benefits from procurement were unequally shared. As a result, the government phased out public procurement of all
commodities, except for rice, wheat, and cotton, and converted all farm subsidies to lump-sum income transfers to farmers in 2015.
Environmental concerns and international commitments to reducing GHG emissions led the Chinese government to enhance its Store Grains
(Food) in Land (SGiL) and Store Grains (Food) in Technology (SGiT) programs to raise productivity, enhance food security, and promote sustainable
production. The program enlargement, introduced
in 2015, included large-scale investments in “highBox Figure B China’s support to agriculture, 1981–2017
standard farmland,” defined as land with a high degree of
resilience to impacts of droughts and floods, water-saving
30%
production practices, high yields, and soil improvement.
20%
Through the SGiT, public expenditure on agricultural
10%
R&D was raised to RMB 26 billion (about US$4.1 billion),
0%
overtaking US spending and making China the world’s
-10%
largest public investor in agricultural R&D.b The additional
-20%
R&D is primarily focused on biotechnology and digital
-30%
technology.
-40%
In 2016, the Chinese government also introduced a
-50%
special project to reduce fertilizer and pesticide use and a
-60%
subsidy program to promote the use of organic fertilizers.
In 2018, Technical Guidelines on Green Agricultural
NRA
NRP
Development were issued, promoting low-carbon and
Source: Data compiled from J.K. Huang and G.L. Yang, “Understanding Recent Challenges and New Food Polcircular-economy technologies to raise productivity,
icy in China,” Global Food Security 12 (2017): 119–126, and OECD, Agricultural Policy Monitoring and Evaluation
reduce GHG emissions, and enhance carbon sequestration.
2021 (Paris: 2021).
This strategy is part of China’s effort to comply with its
Note: Nominal rate of protection (NRP) is calculated as support from border protection divided by the value
commitments under the Paris Accord to reduce GHG
of agricultural production at world prices. The nominal rate of assistance (NRA) is calculated as support from all
sources divided by value of agricultural production at world prices.
emissions by 2030 and achieve carbon neutrality by 2060.
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institutions (international agreements, in this case) can
drive national policy reform.
Shifting interests. European policy reforms between
the 1980s and the early 2000s illustrate how even

policies that are rooted in long-held ideas, like food
self-sufficiency, and heavily supported by powerful
interest groups can be fundamentally changed (Box 4).
Europe’s original Common Agricultural Policy (CAP)
maintained high support prices for farmers. But in the

Box 4 THE POLITICAL ECONOMY OF EU AGRICULTURAL POLICY REFORM
Johan Swinnen
Global Director, CGIAR Systems Transformation Science Group, and Director General, International Food Policy Research Institute,
Washington, DC
When the European Union (EU)’s Common Agricultural Policy (CAP) was designed in the 1960s, it featured administratively determined
market price support, with an important role for import barriers. Farm organizations had lobbied strongly for this system to protect
them against internal and external competition. The policy found support in widely felt concerns about food security — typically
identified with food self-sufficiency — given the challenges of accessing food in many parts of Europe during and after World War II.
High support prices ignited a strong supply response and turned the EU into a major commodity exporter by the 1980s. The farm
support required export subsidies, provoking the ire of other agricultural exporters, particularly the United States, which responded
with its own program of export subsidies. As world agricultural prices fell to unprecedented lows during the mid-1980s, pressures
from other countries increased as did budgetary pressures, with rising costs of export subsidies and storage. The unsold stocks
accumulated in embarrassing “butter mountains” and “wine lakes.”
Agricultural exporters pushed hard for reform of global agricultural trade during the Uruguay Round of global trade negotiations
(1986–1993). Given European desire to contribute to the Uruguay Round and the internal problems with the price support system,
important CAP reforms were introduced in 1963.a Reforms reduced support prices and replaced them with direct payments to farmers.
The prospect of accession of 10 Eastern European countries with large agriculture sectors to the EU in the 2000s caused much
concern. Expectations were that, unless the CAP was further reformed, their accession would lead to exploding budgets, a massive
inflow of cheaper Eastern agricultural products, and a conflict with WTO agreements. Food safety and animal welfare crises in the
1990s compounded the pressure for reform. In addition, reform was made easier by institutional changes, as decisions no longer
required unanimous agreement of EU member states, removing the veto power of those most opposed. This resulted in the 2003
reform that decoupled farm subsidies from production decisions, while maintaining the overall level of farm support and allowing the
gradual integration of the Eastern European countries in the CAP.b
Environmental goals have been gradually integrated into Europe’s agricultural policies. Subsequent incremental reforms over
the past 30 years have introduced environmental policies and shifted more of the budget to such measures.c However, the global
food price spikes in 2008–2011 provided arguments for those lobbying against environmental measures that restricted input use and
production — weakening pro-environment reforms.d
Current reforms aim to build a Farm-to-Fork strategy as part of an EU-wide Green Deal that is designed to make Europe the first
climate-neutral continent by 2030.e The reforms include payments to farmers conditional on reduced use of pesticides and fertilizers,
a shift to organic farming practices, and adoption of new technologies that reduce GHG emissions from agriculture. Development
and adoption of new, lower-emission technologies will reduce emissions from both production and land use change. A trade-off is
that the reduction in fertilizer use and shift to organic farming practices could reduce productivity and thus create pressure to expand
agricultural land, be it in the EU or elsewhere, potentially leading to increased global GHG emissions from land use change or a shift
to regions with higher emission intensities.f As a decade earlier, high food prices in global markets in 2022 trigger the same political
economy reactions, reinforcing lobbying pressure from farmers and agribusiness against environmental policies that would reduce
productivity and thus the EU’s potential to produce food.
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face of rising budget costs for farm and export subsidies and pressures from trading partners to reduce
export subsidies, the European Commission initiated
a major overhaul of the CAP in the 1990s. During the
2000s, new ideas — namely, growing environmental concerns — drove further reforms to European
agricultural policies. Incremental changes to reduce
agriculture’s environmental footprint were introduced from 2003, and more extensive reforms are
underway as part of Europe’s effort to become the
first climate-neutral continent.14 The reform proposals include payments to farmers conditional on their
adoption of more sustainable practices.
Coordinating trade-offs across goals. The
United States’ biofuel program targets three goals —
energy self-sufficiency, farm income support, and
emission reductions (Box 5). Combining these goals
helped build political support over the years for the
biofuel program from farmers, investors in biofuel production, and environmental advocates. Much of the
support is provided by mandates, which face less budget scrutiny because they have no direct fiscal cost,
and which may result in continued production even
when it is uneconomic. However, to allay concerns that
the use of food grains for biofuel would reduce food
availability, the program set targets for expanding
biofuel production from nonfood feedstocks. The efficiency of the technology using such inputs for biofuel
production is still unproven, explaining in part why the
targets have not even remotely been achieved. This
failure sends a cautionary note about setting environmental targets without allocating R&D resources to
help achieve them.
Collective action challenges. While these four
experiences provide lessons for policy reform, they
do not address all the types of policy challenges facing national policymakers. For example, collective
action problems associated with management of land
and water resources require strong institutions, such
as water user groups (see Chapter 7). The weakness of
such institutions in many parts of sub-Saharan Africa
appears to explain the poor coverage and performance of surface irrigation schemes in the region.15
Collective action problems also contribute to
underinvestment in agricultural R&D globally. Poor

countries often underinvest in R&D because constituents cannot see tangible benefits from these
investments in the short term.16 Small countries have
less incentive to invest in R&D because they receive
only a small share of the benefits from research findings of broad applicability, and hope to benefit from
spillovers from other countries’ investments and innovations (see Chapter 4).17 The CGIAR international
research system was developed to address these collective action problems. However, an international
system also requires strong national agricultural
research systems that can adapt improved technologies and practices to local conditions and can promote
their adoption. Creating incentives for developing
country governments to allocate more resources to
national R&D systems remains a challenge. An interesting funding model is the collective agreement among
producer organizations in Côte d’Ivoire to provide
funding for reinvestment in the Inter-Professional Fund
for Agricultural Research and Extension for services to
all agricultural sectors.18

A GLOBAL REPURPOSING AGENDA
Repurposing agricultural support clearly holds great
promise for generating more sustainable, resilient,
inclusive, and equitable food systems. Existing government agricultural support budgets offer a potential
source of public finance for innovations and incentives
to producers and consumers. Currently, only an eighth
of total government support to agriculture is invested
in R&D, inspection and control systems, and rural infrastructure — all areas where the private sector tends to
under-provide — while three-quarters is allocated to
individual producing firms, many of which are commercial and large-scale operations, thus reinforcing
inequality. Hence, a strategy to mobilize both public
and private finance for food systems transformation
should include repurposing of the agricultural support
that contributes to solving serious environmental, food
security, and equity problems.
Current beneficiaries will undoubtedly resist
policy reforms, while those who might gain from
reforms are likely to be uncertain about the benefits or insufficiently organized to mobilize for change.
Consequently, most policy reforms emerge from
development of policy instruments that improve the
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Box 5 THE POLITICAL ECONOMY OF BIOFUEL POLICIES IN THE UNITED STATES
Biofuel policies in the United States are an energy and agricultural strategy with important environmental dimensions. Biofuel
policies were first introduced in the 1970s, with the goal of replacing expensive petroleum-based fuels and lead-based additives then
used to improve engine performance. They were also supported by interest groups — first farmers and then ethanol producers. As
concerns about global greenhouse gas (GHG) emissions increased, biofuels were increasingly justified on environmental grounds.a
Support for biofuels was initially provided by a subsidy in the form of a tax credit.b Production of ethanol tripled between 2000
and 2007, thanks to the combination of a fixed subsidy and a sharp rise in the price of oil. Reforms in 2005 and 2007 introduced
a mandate for the use of biofuels, with targets rising from 13 billion gallons in 2010 to 36 billion gallons in 2022. This policy was
enormously popular with ethanol distillers and blenders, who otherwise would face substantial uncertainty about profitability and
throughput; however, the mandate makes the demand for feedstock unresponsive to price changes, hence likely increasing the
volatility of grain prices.
Because of concerns that transferring large shares of grain output to production of biofuels would raise food prices,c the mandate
required only a 25 percent increase in conventional biofuels and targeted a twentyfold increase in advanced biofuels, mainly from
vegetation unsuitable for human consumption. However, at the time, there was no established technology to achieve this increase,
nor have substantial advances been made yet, with the result that advanced biofuel output has increased only sixfold.d
Another drawback to promoting ethanol for environmental purposes is that while bioethanol use may decrease fossil-fuel
emissions, its production increases emissions through the land use change required to grow bioenergy crops.e Considering only the
land use change entailed within the United States, recent estimates suggest that US ethanol has a higher GHG intensity than oil-based
gasoline.f
Several lessons can be drawn from this experience. One is that environmental goals, and particularly mitigation of climate
change, may provide important pressure for change. A second is that it may be helpful to build coalitions, including among interests
with different but potentially compatible goals — such as energy self-sufficiency and farm income support — to achieve rapid, widely
supported reform. However, no single instrument such as biofuel policy can hope to achieve multiple goals, so additional policy
instruments are needed.g Finally, simply mandating a goal, such as a major expansion of output using new technologies, is unlikely
to be successful unless it is backed by investments in targeted R&D.

balance between gains and losses — such as the EU’s
provision of financial support to farmers who engage
in forest conservation and organic practices — or identifying windows of opportunity for change.19 Windows
of opportunity for national reforms may come from
international agreements, including the WTO and Paris
Climate Accord. Such agreements could also provide
an opportunity for developing an internationally concerted repurposing agenda.
The case for such an agenda is easily made. Climate
change is an existential threat to food systems globally and the repurposing scenarios analyzed in this
chapter clearly show that international cooperation
for repurposing achieves superior outcomes on all
environmental, economic, and social dimensions for
all countries compared with current non-cooperative
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agricultural support policies. Nonetheless, getting
to a common approach will not be easy. This is so
because some key tools for emissions reduction —
such as carbon taxes and transferable emissions
quotas — work less well in agriculture than in sectors
dominated by energy-use emissions. For instance, it
is difficult to monitor and tax emissions from livestock
or rice production. Thus, a carbon tax would create little incentive to change production techniques.
Regulatory approaches, such as mandating reduced
use of chemical fertilizer or targeting levels of organic
farm production, may be ineffective in lowering emissions if they reduce yields (as the evidence suggests)
and thus increase the agricultural land footprint, and
hence, emissions from land use change.
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A detailed analysis of societal gains in the short
and long run and of likely winners and losers could
help to build support for repurposing. Reallocation
of resources to R&D focused on raising productivity and reducing emissions is expected to produce
major societal gains, including benefits for those
farmers who benefit from current support. However,
the gains from innovation in sustainable production
methods may be perceived as uncertain, and adoption may come at a cost to producers in the short
run. Compensatory payments to losers and to offset
adoption costs for producers could help win political
support. Importantly, appropriate regulations, such as
mandates on the use of renewable energy or limits on
the conversion of land for farming, may be essential to
overcome the resistance of some agricultural producers to more environmentally sustainable reforms.
Shifting resistance that is tied to ideas, such as
the notion that self-sufficiency should be prioritized,
may require policy analysis to overcome misperceptions about the impacts of particular policies and
reframing of reform benefits in new ways to secure
political support. It may require identifying policy

options that minimize the cost of a goal that cannot
be changed — for instance, replacing a goal of zero
imports or exports of any staple with a broader goal of
net food self-sufficiency.
Lastly, there are interactive and mutually reinforcing dynamics between the domestic and global policy
arenas. Creating constituencies for reform at the
domestic level is essential to achieving global action.
To spur domestic action and overcome resistance,
an even-handed global diffusion of technologies and
financial resources is needed to let all countries reap
the benefits of agricultural policy reform. Given that
climate change and environmental sustainability transcend borders and that national policies have strong
international spillover effects, international coordination is essential. However, reaching a common
understanding of the benefits of acting together (and
the cost of failure) will not be easy. Intense dialogue,
informed by continuous and credible assessments of
the gains to be obtained and trade-offs to be reckoned with, will be essential to smart repurposing of
agricultural support.
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CHAPTER 3

Trade and Climate Change
The Role of Reforms in Ensuring
Food Security and Sustainability
JOSEPH W. GLAUBER
Joseph W. Glauber is a senior research fellow, Markets, Trade, and Institutions Division,
International Food Policy Research Institute, Washington, DC.

KEY MESSAGES
■

■

Climate change is projected to cause significant regional
shifts in agricultural production, potentially reduce productivity, and increase the volatility of crop and livestock
production.
Trade allows countries to obtain nutritious foods at the
lowest possible cost, and so will be a key component in
any strategy to help countries to feed and nourish their
populations. Trade can also promote more efficient use
of natural resources and potentially reduce greenhouse
gas (GHG) emissions.

■

Food imports make up a growing share of low- and
middle-income country food consumption.

■

Government implementation of mitigation and adaptation policies may effectively help address climate
change, but concerns arise if those policies run counter
to international trade rules. In particular, proposed
measures such as carbon border adjustment measures
and “climate-smart” agricultural policies could directly

conflict with World Trade Organization (WTO) trade rules
if they distort production and trade.
■

Climate-smart policies such as increasing agricultural
productivity and reducing emission intensities through
investments in R&D are minimally trade-distorting
and one of the most effective ways to address climate
change.

■

Free and open trade should be seen as integral to
any climate-smart agriculture strategy because, globally, it can lead to a more efficient use of resources and
can help reduce GHG emissions from global agricultural production.

■

To facilitate trade and help to meet global goals for resilience and mitigation, countries should avoid policies
and strategies that distort trade, and should pursue further liberalization of agrifood trade through reductions
in tariff and nontariff barriers, trade-distorting domestic
support, and export subsidies and restrictions.

28  TRADE AND CLIMATE CHANGE: THE ROLE OF REFORMS IN ENSURING FOOD SECURITY AND SUSTAINABILITY

Climate change poses a major threat to the ambitious global commitments to ending hunger and all
forms of malnutrition by 2030, set out in the Agenda
for Sustainable Development.1 Climate change is
projected to cause significant regional shifts in agricultural production, potentially reduce productivity, and
increase the volatility of crop and livestock production. Reducing malnutrition and hunger in this context
will require a concerted effort to help producers adapt
to adverse climate outcomes, adopt climate-smart
agricultural practices, and mitigate the substantial contribution of agriculture to climate change.
International trade allows countries to obtain nutritious food at the lowest possible cost, and so will
be a key component in any strategy to help countries feed and nourish their populations.2 Trade can
also promote more efficient use of natural resources
and potentially reduce greenhouse gas (GHG) emissions. Over the past 25 years, imported foods have
provided an increasingly large share of calories and
nutrients consumed globally, as population growth
has outstripped domestic supplies in some regions
and productivity gains have allowed other regions to
become major exporters. Those trends are expected

to continue and arguably will accelerate as climate
change affects global and regional agricultural productivity and volatility.3 However, pressures from
changing climate conditions and growing populations
mean business-as-usual policies will not be enough. To
further facilitate access to affordable, nutritious foods,
progress is needed in reducing and repurposing
trade-distorting support (see Chapter 2), improving
market access, and addressing new issues, such as
guarding against export disruptions and bans.
Yet, trade draws criticism for its impacts on nutrition. Growth in trade has included more trade in food
products that are considered “less healthful” and are
often blamed for rising obesity and poor nutrition.4 To
address the adverse health effects of overconsumption
of processed foods, some have advocated using trade
policy measures such as tariffs, import bans, or labeling to limit imports.5 This ignores the fact that nutrition
is most directly a consumption issue, and measures
that target consumption directly, such as consumption
taxes, are almost always better than trade measures for
addressing these problems.6
Similarly, trade has been criticized on environmental grounds. For example, recent proposals by
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Box 1 CARBON BORDER ADJUSTMENT MEASURES
Carbon border adjustment measures (CBAMs) would levy taxes on imports to account for the level of carbon emissions embodied
in the imported good. When applied only to imports, CBAMs may violate WTO national treatment principles if foreign and domestic
producers are treated differently. Unequal treatment can distort prices of importables relative to exportables, create competitiveness
concerns in export industries, generate economic waste, and likely create highly divisive trade conflicts and deterioration in the terms
of trade for developing countries. A recent proposal has been made for a CBAM that would apply equal levies on domestic production
and on imports by symmetrically rebating the carbon tax on exports in the manner of a VAT export rebate.a Such an approach could
shift the base for carbon taxation from output to consumption and intermediate input use, and thus potentially lower the cost of
achieving reductions in emissions.

the European Union, Canada, and by some proponents in the United States would implement carbon
border adjustment measures (CBAMs) to help reduce
GHG emissions (Box 1). These would require that
carbon-intensive imports incur either carbon charges
or a carbon-based tariff.7 CBAMs aim to deter carbon
“leakage” — for example, if firms shift carbon-intensive
production to countries that do not tax GHG emissions (or tax at a low rate) and then export the goods to
countries that regulate those emissions, CBAMs could
level the playing field and help reduce emissions.
Other proposals would repurpose domestic support to promote climate-smart or nutrition-smart
agricultural practices that would reduce GHG emissions, sequester carbon, or promote production of
nutritious foods. Depending on how such policies
are implemented, these measures could distort trade
and potentially conflict with existing trade rules under
the World Trade Organization (WTO). This concern
has led some to question whether WTO trading rules
should be modified to allow policies to take health- or
climate-related outcomes into account.8

GROWING IMPORTANCE OF
AGRIFOOD IMPORTS
Trade in agricultural products has more than tripled
in value and almost doubled in volume since 2000
(Figure 1). This growth has been driven, in part, by
increased demand for red meat, dairy, and poultry
products, particularly in developing countries, and by
increases in nonfood uses of cereals, particularly for
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biofuels.9 Remarkably, despite the disruption of global
supply chains caused by the COVID-19 pandemic, agricultural trade volume declined by only 2 percent in
2020, while trade volumes in energy-related goods fell
by 3 percent and manufacturing goods by 6 percent.10
Import penetration (that is, imports as a percent of
global consumption) has increased for many agricultural products in recent decades (Table 1). In 2020/21,
wheat imports accounted for about one-quarter
of total global consumption, up from 17 percent in
1995/96. For rice, the import share more than doubled,
from 4 percent of consumption in 1995/95 to 9 percent
in 2020/21, and soybean imports rose from 25 percent
of total consumption in 1995/96 to 45 percent today.
Among meat products, only chicken imports have
remained flat as a share of consumption; however,
import volumes increased substantially, as global
chicken consumption more than doubled over the past
25 years.11
Import penetration rates for dairy products such
as cheese and butter are down substantially from
1995/96 levels. This reflects the removal of distortionary subsidies by large dairy exporters like the
European Union and United States in response to new
WTO disciplines on export subsidies. (The United
States and European Union had relied on export subsidies to dispose of surplus dairy commodities that
built up because of their domestic support policies.)12
In contrast, whole and skimmed milk powder imports
have risen in recent years, as use of imported protein concentrates has become increasingly common
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Figure 1 Growth of world trade, 2000–2020
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in food manufacturing and for reconstitution into liquid milk.
At the regional and country levels, cereal imports
have grown as a share of consumption (import dependency) since 1999–2001 in many areas where food
insecurity is high, such as Africa south of the Sahara
(Table 2). Population growth, income growth, urbanization, and changes in consumer preferences have
increased demand for wheat, maize, and rice, often

outpacing productivity gains for locally produced
cereals and driving up imports. Cereal imports in
North Africa, the Caribbean, and West Asia now
account for half or more of their total cereal consumption. While these imports address food needs, the
carbon footprint of some imports, such as rice and
livestock products, can be large (see Chapter 2). For
example, rice imports for Africa south of the Sahara

Table 1 Global import penetration by commodity (imports as percent of consumption)
COMMODITY

1995/96

2000/01

2005/06

2010/11

2015/16

2020/21

12

11

12

11

13

16

4

6

7

8

9

9

Wheat

17

18

18

22

24

25

Soybeans

25

31

30

36

42

45

Maize
Rice

Vegetable oil

34

33

39

41

41

40

Sugar

29

31

32

31

32

31

Beef and veal

10

11

12

12

13

17

Chicken

10

8

9

10

10

10

Swine

4

4

5

6

7

11

Butter

18

6

6

3

3

5

Cheese

21

7

8

7

6

8

Milk powder

47

29

25

27

28

36

Source: Data from US Department of Agriculture, Foreign Agricultural Service, PSD Online.
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Table 2 Cereal import dependency by region
(percent of cereal consumption from imports)

have grown by about 4 percent annually since 2000,
with deleterious impacts on GHG emissions.
Exporting regions show negative import dependencies. Some major cereal-producing regions such
as South America and Europe (including Russia and
Ukraine) have seen large increases in exports relative
to domestic consumption since 1995/96, while cereal
exports from other areas including North America,
though large, have declined relative to the growth in
domestic consumption.13
Trading patterns have shifted over the past 25 years
as well. Developing countries have become increasingly important suppliers and consumers in world
markets, and now account for about 40 percent of
world food trade (Figure 2). South–South trade (not
shown) alone accounts for over 20 percent of world
food trade.14
Trade in processed agricultural products has
grown along with agricultural trade, more than tripling
between 2000 and 2012 before leveling off (Figure 3).
Processed products also increased as a share of total
agricultural exports, from 42 percent in 2000 to over
46 percent by 2007. The subsequent drop in this share
reflects a relative drop in prices, rather than a drop
in total volume of processed-product trade. Since
2013, the share by value has recovered, approaching 46 percent again by 2018. Table 3 provides a
breakdown of the processed-product trade. In terms
of (un)healthy diets, it is important to note the high

REGION

1999–2001

2011–2013

2016–2018

Eastern Africa

13.2

14.8

16.2

Middle Africa

33.9

37.1

31.5

Northern Africa

47.9

47.5

52.4

Southern Africa

9.5

10.4

20.4

Western Africa

17.8

22.6

23.9

North America

−36.0

−23.8

−27.5

Europe

−6.0

−16.1

−29.3

Central America

36.3

33.9

36.7

Caribbean

77.1

74.2

70.3

South America

−4.0

−25.2

−27.4

Central Asia

−21.0

−18.7

−24.1

Eastern Asia

9.7

10.5

9.3

Southern Asia

4.0

−2.3

1.0

Southeastern Asia

4.4

5.8

6.2

Western Asia

39.1

49.3

49.2

Australia and
New Zealand

−181.6

−187.6

−154.0

Source: Data from FAOSTAT, https://www.fao.org/faostat/en/#data

rates of growth in snack foods (annual growth rate of
8.2 percent), fats and oils (9.0 percent per year), and
syrups and sweeteners (8.1 percent per year).

Figure 2 Developing countries’ share of world food trade, 1995–2019
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Table 3 Trade in processed food products (US$ billions)
ITEM

2000

2005

2010

2015

2018

Processed Agricultural Food Total

172.6

299.2

484.2

590.5

623.6

29.0

45.8

63.9

74.7

85.7

Alcoholic Beverages
Food Preparations & Ingredients

17.9

32.3

51.3

69.2

76.5

Processed/Prepared Dairy Products

23.5

38.4

58.3

64.0

76.3

Non-Alcoholic Beverages

16.1

28.0

44.6

58.0

59.5

Chocolate and Confectionery

13.0

23.3

38.2

47.3

48.5

Snack Foods

10.5

19.9

30.0

39.6

43.9

Fats & Oils

17.6

35.7

75.4

80.6

82.4

Processed Vegetables & Pulses

11.9

19.0

29.9

36.8

31.0

Prepared/Preserved Meats

8.5

15.6

24.0

27.8

28.7

Pasta & Processed Cereals

4.7

8.7

13.5

16.3

16.2

Canned, Dried & Frozen Fruit

5.4

8.3

13.0

18.8

17.2

Condiments, Sauces, Jams & Jellies

3.8

6.9

11.2

14.5

14.9

Dog & Cat Food

3.4

5.6

8.8

11.5

13.4

Spices

2.8

3.2

6.5

10.8

6.8

Baby Food

1.6

2.8

5.7

9.0

11.9

Syrups & Sweeteners

1.8

3.5

6.8

8.0

7.2

Soups

1.0

1.5

2.1

2.5

2.4

Processed Egg Products

0.3

0.5

0.8

1.2

1.2

Source: Data from UNCTAD 2021.
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IMPEDIMENTS TO TRADE
The WTO Agreement on Agriculture (AoA), which
entered into force in 1995, provided disciplines in the
areas of market access, domestic support, and export
competition.15 Yet, despite those reforms and the subsequent growth in agricultural trade, significant trade
barriers remain in the form of: 1) tariff and nontariff
border measures that affect market access (including
export restrictions); 2) domestic subsidies that distort
production and trade; and 3) export subsidies, including export credits and other concessional sales.

MARKET ACCESS
Agricultural tariff rates remain high for certain product groups. For WTO members, the simple average
bound tariff rate (that is, the maximum permitted
rate) for agricultural products is over 50 percent.16
However, applied (actual) tariff rates are generally
much lower, in part because countries aim to keep
food prices low.17 Table 4 shows the average applied
most-favored-nation (MFN) tariff rates for selected
food product groups in the United States, European
Union, Brazil, China, and India. In general, applied tariffs are higher for dairy, meat, and sugar products and
lower for bulk products like cereals and oilseeds. As
most poor families in developing countries are net purchasers of food,18 lower tariffs and increased market
access would likely improve the nutritional status of
both rural and urban food-insecure households.19 In
addition, increased market access through lower border measures could reduce GHG emissions, according
to recent analysis, if meat and dairy production shift to
more GHG-efficient regions (that is, where GHG emissions per unit of meat or milk output are lower).20

In addition to explicit tariffs on goods, there are
numerous nontariff barriers (NTBs), such as sanitary
and phytosanitary restrictions, regulations on product
packaging, and more recently, public and private standards that impose labeling and product certification
requirements.21 For example, some countries have
required labeling to address nutritional and environmental concerns. While standards and other NTBs can
serve useful roles, such as providing information or
ensuring product integrity, they can also impose costs
on food manufacturers that could raise consumer
prices. And if applied in a discriminatory fashion (for
example, on imports but not on domestic production),
they risk violating WTO rules.
Moreover, using tariffs on foreign supplies of
products considered unhealthy or environmentally
damaging may decrease imports. But by providing
implicit protection to domestic suppliers, such tariffs may increase domestic production, thus defeating
the aim of the policy. An excise tax targeted at domestic sales of the good is preferable, because it should
reduce all consumption of that good, not just imports,
and is consistent with WTO rules.22 Measures such as
quantitative restrictions and trade standards can have
more direct effects on food availability but need to be
based on scientifically valid safety concerns and be
nondiscriminatory and consistent with WTO rules.
Concerns about discriminatory practices also arise
around the CBAMs being discussed in the European
Union, Canada, the United States, and elsewhere.23
Currently, there is little agreement on standards for
CBAMs (for example, measuring GHG emission coefficients based on production practices). Further, a
proliferation of different sets of standards among
major trading partners risks creating a “spaghetti

Table 4 Average applied most-favored-nation tariff rate, selected food product groups (percent ad valorem equivalent)
MEMBER
USA
EU

Animal
products

Dairy

Fruits &
vegetables

Cereals &
products

Oilseeds &
products

Sugar

Fish

2.3

18.4

4.6

3.1

7.2

13.8

0.7

15.6

37.1

10.6

13.7

5.3

24.5

11.6

Brazil

8.3

18.3

9.7

10.7

7.9

16.5

10.3

China

13.2

12.3

12.2

19.5

10.9

28.7

7.2

India

30.8

35.7

30.2

32.9

33.9

50.9

29.9

Source: Data from World Tariff Profiles 2021 (WTO, ITC, and UNCTAD).
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Figure 4 Producer support as percentage of the value of agricultural production, 1986–2020
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bowl” of competing trade rules that increase transaction costs for businesses through variable tariffs,
complicated rules of origin, and various business
requirements.24 For example, recent regulations put
forward by the European Commission would prohibit
imports of some agricultural products, such as soy,
beef, palm oil, cocoa, and coffee, if they are shown
to contribute to deforestation.25 Smaller developing countries may be forced to choose among major
trading partners or risk being left further behind, as
they do not have the capacity to meet multiple sets
of standards.

DOMESTIC SUPPORT
Trade-distorting domestic support is another impediment to eliminating hunger and malnutrition by
2030, and the funds could be better used for both
nutrition and climate goals. Under the AoA, trade
distorting domestic support for WTO members was
capped and reduced, and members were encouraged to shift domestic support measures to minimally
production- and trade-distorting programs (so-called
green box measures). By 2008, producer support
among OECD members (as measured as a percentage of the value of production) had fallen by almost

50 percent from 1986–1988 levels, and many countries had shifted producer support away from highly
distorting forms, such as market price support, to less
distorting programs that do not link support to outputs or input usage (see Chapter 2) (Figure 4).
Unfortunately, policy reforms in OECD countries
have largely stagnated since 2008, and farm support
has risen in recent years as countries have recoupled
policies to production and prices or have provided
supplemental support when farm incomes have fallen
(for example, due to the adverse impacts from the
COVID-19 pandemic).26 Moreover, domestic support
levels have been rising among the large emerging
economies, including India and China.
Not only does domestic support potentially distort production and trade, it also can have deleterious
impacts on the environment, climate, and nutrition.
Recent studies have examined the impacts of removing agricultural support (including border measures)
and found that elimination of agricultural support does
reduce GHG emissions, but the reductions are small
(less than 2 percent).27 Moreover, the past 25 years of
WTO negotiating history suggest that elimination of
agricultural support is highly unlikely and, if not offset
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by less distortionary forms of support, could have a
deleterious impact on nutrition.28
While eliminating agricultural support would likely
do little to protect the climate, many believe that
repurposing agricultural support toward development
and adoption of climate-smart agricultural practices
would contribute to global climate goals of sustainability, resilience, and reducing GHG emissions (see
Chapter 2).

EXPORT COMPETITION
Lastly, as we saw during the price spikes of 2007/08
and 2010/11 and more recently during the COVID-19
pandemic, countries sometimes try to buffer the
impact of global price shocks on domestic markets by
restricting exports.29 Such export restrictions exacerbate world price volatility by shorting world supplies,
which then encourages other exporting countries to
follow suit with their own restrictions.30 This in turn
can lead to market-disruptive behavior (preemptory
purchases, hoarding, or tactical tariff and consumption tax reductions) on the part of net food importers,
further increasing world prices. With production volatility apt to increase because of climate change,
countries will be more likely to impose export restrictions if WTO disciplines are not established to prevent
such responses. Despite agreement by G20 members
in 2011 not to impose export restrictions on humanitarian food aid being procured by the World Food
Programme,31 efforts to expand this agreement to the
entire WTO membership have failed.32

PROMOTING POLICIES THAT
FACILITATE, NOT IMPEDE, TRADE
Since the groundbreaking achievements of the AoA,
subsequent reform efforts have largely stalled in
the WTO. Little progress has been made in increasing market access for agricultural products, reining in
domestic support, or ending export restrictions. As
countries commit to reducing GHG emissions, adopting sustainable agricultural practices, and promoting
positive nutrition outcomes, the multilateral system
may be further challenged to square domestic and
international policy goals with the WTO’s overarching
goal of trade liberalization.
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The following actions by WTO members could
facilitate trade and help meet the goals of eliminating
hunger and malnutrition while addressing the challenges of climate change.
Reduce tariff and nontariff barriers. While substantial gains have been made in expanding market
access through preferential trade agreements, many
poorer developing countries remain outside of those
agreements and have thus suffered from trade diversion and loss of competitiveness. To the extent that
bilateral and regional trade agreements can remain
open to new entrants, the door is also open for further plurilateralization and, ultimately, integration into
the multilateral system. Increased market access facilitates both the exports and imports of food-insecure
countries, which can mitigate the impacts on food
security of increased production variability caused by
climate change.
Ensure that standards are applied equitably and
are science-based. With the potential proliferation of
border measures aimed at achieving climate or nutrition outcomes, these measures must be implemented
in a way that does not discriminate arbitrarily against
or among foreign suppliers. For example, the Codex
Alimentarius Commission, established by the Food
and Agriculture Organization (FAO) and World Health
Organization (WHO) in 1963, develops harmonized
international food standards, guidelines, and codes of
practice to protect the health of consumers and ensure
fair practices in food trade. The Codex Alimentarius is
well recognized and integrated into the WTO Sanitary
and Phytosanitary Agreement. Establishing a similar
set of standards for border measures (such as CBAMs
or product labeling) — based on scientific research on
GHG emissions and agricultural production practices —
could ensure that border measures contribute to GHG
reductions without reducing food security.
Reduce and repurpose harmful domestic support. Domestic support levels have declined
significantly since 1995 but they remain high.
Capping all trade-distorting domestic support at
current applied levels would make it more difficult
for countries to backtrack on reforms. To the extent
possible, efforts should be made to encourage
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the repurposing of subsidies to provide more public goods that would support climate resilience and
mitigation, such as investments in R&D to increase
GHG-efficiency and other minimally trade-distorting
climate-smart policies.
Encourage climate-smart policies that reduce
GHG emissions but do not distort trade.
Climate-smart agriculture is an important tool to mitigate agriculture’s contribution to GHG emissions and
help producers and communities better adapt to the
new conditions brought on by climate change. Further,
free and open trade should be seen as integral to any
climate-smart strategy because, globally, it can lead
to a more efficient use of resources that helps reduce
GHG emissions from global agricultural production.
Thus, on a climate-smart basis, efforts at further liberalization of agrifood trade through reductions in tariff
and nontariff barriers, trade-distorting domestic support, and export subsidies and restrictions should be
vigorously pursued.
Promote climate mitigation strategies that do
not impede trade. Export restrictions are a poor
strategy for global climate adaptation or mitigation. In times of high prices and crop shortfalls, which
may be caused by climate conditions, export restrictions can significantly exacerbate food price volatility
and undermine confidence in the world trading system. Despite recent experiences, little consensus has

emerged on how to discipline export restrictions. A
modest step would be to adopt language from the
G20 Action Plan on Food Price Volatility and Agriculture
that would prohibit export restrictions on humanitarian
food aid procured by the World Food Programme.33
Stronger measures would prohibit restrictions on
exports to poor, net-food-importing countries, as
those countries are most vulnerable to the impacts of
climate change and related crises.34
With 2030 less than eight years away, meeting the goal
of eliminating hunger and malnutrition presents a formidable challenge, one that demands renewed efforts
to increase productivity and incomes to bring billions
out of poverty. Trade has played a central and growing
role in supplying consumers with needed calories and
nutrients as regions have benefited from increased
imports. As the impacts of climate change on productivity will be highly variable and uneven across
regions,35 trade is expected to continue expanding
and become more important for ensuring a supply
of nutritious food, particularly for low-income countries. Without this expansion, low-income countries will
face higher food costs and far more households are
likely to be food insecure as climate-related disruptions become more common. Promoting climate-smart
policies that are minimally trade-distorting can help
reduce GHG emissions without penalizing foreign suppliers of important food products, particularly those in
developing countries.
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CHAPTER 4

Research for the Future
Investments for Efficiency,
Sustainability, and Equity
GERT-JAN STADS, KEITH WIEBE, ALEJANDRO NIN-PRATT, TIMOTHY
B. SULSER, RUI BENFICA, FASIL REDA, AND RAVI KHETARPAL
Gert-Jan Stads is a senior program manager, Keith Wiebe is a senior research fellow, Alejandro Nin-Pratt is a senior
research fellow, Timothy B. Sulser is a senior scientist, and Rui Benfica is a senior research fellow, all in the Environment and
Production Technology Division, International Food Policy Research Institute, Washington, DC. Fasil Reda is coordinator of
the UNIDO Program for Country Partnerships, Ethiopia. Ravi Khetarpal is executive secretary of the Asia-Pacific Association of
Agricultural Research Institutions (APAARI), Bangkok.

KEY MESSAGES
■

Research and innovation are critical not only to increase
agricultural productivity in the face of climate change,
but also to transform global agrifood systems through
improved efficiency and resilience in achieving social,
economic, nutritional, and environmental goals.

■

Investment in agricultural research and innovation
by larger middle-income counties has expanded
substantially in recent decades, but investments,
especially in smaller low- and middle-income countries,
are too small to address future impacts of climate
change across food systems.

Steps can be taken to ensure that R&D contributes to
greater productivity, sustainability, and equity:
■

Increase research investments for food systems in the
context of climate change, both on and beyond the farm

in low- and middle-income countries. Sustained growth
in public and private investment in food innovation will
depend on large middle-income countries, such as
China, Brazil, and India, and accelerated growth in other
countries with large research systems.
■

Build cooperation for sharing innovations. Greater
integration of food research at the regional and global
levels will allow countries with limited domestic research
capacity to benefit from the gains achieved by countries
with more developed systems.

■

Promote both public and private sector investment.
Governments should provide an enabling environment
for private sector investment in agrifood innovations,
but a clear and critical role also remains for increased
public investment to achieve broad food system goals.
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Food systems everywhere are facing major new challenges. Shocks caused by COVID-19 have currently
seized our attention, but the pandemic has also accentuated persistent problems of poverty, hunger and
malnutrition, population growth, and pressure on natural resources, notably land, water, and biodiversity.
Adding to these challenges, climate change poses
a serious threat to food security and livelihoods as
greenhouse gas (GHG) emissions continue to rise.
Changing temperatures, highly variable precipitation,
shifting growing seasons, and extreme weather events
are already making agricultural yields and prices more
volatile, with rural areas across the world feeling the
effects most profoundly. Yet, as the world’s population
moves toward 9 or 10 billion by 2050, unprecedented
increases in global food production — of at least
60 percent over 2005–2007 levels — will be needed to
meet growing demand.1
Innovation is essential to address these challenges
and to ensure more inclusive access to food and
decent livelihoods for future generations. Innovation
will be needed in agricultural technologies to increase
and diversify production in ways that make more

efficient use of resources. It will also be needed in the
infrastructure, institutions, and services that support
food systems in order to make them more inclusive, resilient, and sustainable.2 Some innovation will
happen autonomously (for example, as producers,
consumers, and other private sector actors respond to
changing market conditions), but much more research
and investment is needed if long-lasting, broad-based
sustainability is to be achieved.
Investing in the agriculture sector — and particularly in agricultural research — can be a highly effective
pathway for both reducing poverty and hunger and
addressing climate change impacts on food systems.3 A recent modeling exercise found that raising
agricultural productivity enough to reduce global
hunger to 5 percent would require additional investments of $52 billion annually until 2030 in agricultural
research, resource management, and infrastructure.4
Investment in agricultural research is particularly
effective: past R&D investments by CGIAR and by
national agricultural research systems in low- and
middle-income countries (LMICs) have shown a 10 to
1 benefit-cost ratio.5 This suggests that $1 invested in
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research today will yield, on average, a stream of benefits equivalent to $10 over future decades (in present
value terms). Moreover, studies consistently show
that spending on agricultural research has a greater
impact on agricultural productivity than other types
of public expenditures, regardless of the mode of
investments, timeframe, and specific targets chosen.
Agricultural research spending has also performed
best or second-best in reducing poverty, whether the
comparison is with other agriculture spending, such
as irrigation, soil conservation, and farm subsidies, or
with investments in other rural areas, such as health,
education, and roads.6
Nevertheless, many LMICs consistently underinvest in agrifood systems research. This neglect can be
attributed in part to long lags between investments
and reaping benefits at the farm level,7 widely diffused
benefits, and the “abstract” nature of research and
innovation compared with more tangible investments
in physical infrastructure. Concerted action to increase
LMIC investment will be crucial to accelerating innovation and addressing challenges that are beyond
the ability of individuals (and even individual countries) to manage on their own. Moreover, addressing
today’s nexus of threats will require a holistic research
agenda for food systems (beyond agricultural production) to better understand the biological, economic,
social, environmental, and health aspects of interlinked
areas — from crop and animal production and their
inputs, yields, and emissions to storage, transport,
food processing, packaging, and marketing, as well as
food consumption and waste.
In this chapter, we review how patterns of research
investment for food systems have evolved over the
past half century and how research and innovation
will need to evolve to address climate change and
the host of challenges facing food systems in the
decades ahead.

THE CHANGING AGRICULTURAL
RESEARCH ENVIRONMENT
Over the past five decades, LMICs have benefited from
considerable improvements in agricultural productivity, with positive impacts on poverty reduction and
nutrition.8 During the Green Revolution of the 1960s
and 1970s, large public investments in crop genetic
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improvements and yield-enhancing inputs — built on
scientific advances made in high-income countries and
adaptation to LMIC conditions — prompted significant
productivity increases, especially for rice, wheat, and
maize.9 Since then, global public agricultural research
investment has continued to grow, doubling between
1981 and 2016 (Figure 1).
Just 20 years ago, high-income countries still
accounted for the bulk of this research spending, but
rapid increases in spending by large middle-income
countries, coupled with stagnating spending growth in
high-income countries, has shifted the global balance.
By 2016, LMICs accounted for nearly 60 percent of
global agricultural research spending. However, China,
India, and Brazil alone accounted for more than half
of LMIC spending, while sub-Saharan Africa’s share
in global public agricultural R&D spending has stagnated at about 5 percent. Private sector involvement
in agricultural research also shifted the balance in
investment. Private spending tripled from $5.1 billion
to $15.6 billion globally between 1990 and 2014, outpacing growth in public spending. Though most
private R&D expenditures originate in high-income
countries, more than a quarter of these expenditures
(including those by seed and fertilizer multinationals
and tropical fruit companies) directly target commodities or research areas relevant to LMIC farmers.10
However, overall, private research has focused on just
a few commodities, notably cereals, soybeans, horticulture, meat, cotton, aquaculture, and oil and sugar
crops,11 and has neglected many commodities that
are economically and nutritionally important in LMICs,
including roots, tubers, legumes, and indigenous
crops (such as teff in Ethiopia). Given that 800 million
people around the world still faced hunger in 202012
and many more consume low-quality diets that cause
micronutrient deficiencies and diet-related obesity
and noncommunicable diseases13 (see Chapter 8), a
critical role for public agricultural research remains.

PRODUCTIVITY GROWTH
REMAINS A PRIORITY
Agricultural productivity growth will remain a priority not only to meet food needs, reduce poverty, and
improve nutrition14 but also to address climate change.
To meet projected food demand by 2050, global
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Figure 1 Long-term trends in agricultural research spending
a. Public spending by income group, 1981–2016

b. Public and private spending by income group, 1990–2014
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agricultural productivity must grow at an average rate
of at least 1.28 percent annually.15 Since 2010, global
agricultural productivity has grown at 1.51 percent
per year, but growth in low-income countries has averaged only 0.96 percent. With such sluggish growth
rates, LMICs will only meet a fraction of their increased
food demand through productivity improvements.16
Moreover, climate change is already eroding earlier productivity gains, necessitating urgent shifts in
research goals and priorities toward adaptation, especially in the most vulnerable countries.17 The world can
no longer rely on the main drivers of past agricultural
growth — namely, expansion of cultivated land area
and exploitation of natural resources (Figure 2) — which
have contributed to GHG emissions and resource
depletion. Agricultural productivity must be boosted
through yield increases, more efficient use of scarce
resources, and a reduction in crop losses, rather than
greater use of natural resources. Increasing investment
in R&D to support innovation in agricultural technology and other segments of food value chains, as well

as a strong enabling environment to achieve rapid and
wide-scale adoption of sustainable technologies, is
therefore a top priority.

GREATER AGRICULTURAL R&D
INVESTMENT IS NEEDED IN LMICS
Agricultural productivity growth will continue to be
crucial to LMICs and is inextricably linked to investments in R&D that generate improved technology for
more precise breeding and input use efficiency,18 as
well as other investments in agriculture, such as extension, irrigation, and input distribution policies, and
for agriculture, such as rural roads and electricity.19
Yet, a recent global estimate of underinvestment in
agricultural R&D suggests that LMICs achieved just
50 percent of attainable investment levels in 2016,20
with underinvestment most prevalent among countries with small and medium-size research systems.21
Given that private R&D investment — while significant — cannot fully close the investment gap, agrifood
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Figure 2 Drivers of past agricultural growth
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innovations will continue to rely heavily on public agricultural research. The findings suggest that closing the
LMIC investment gap will depend on sustained investment growth in large countries, such as Brazil, China,
and India, and accelerated growth in other countries
with large research systems. This will allow countries
with lagging research systems to benefit from the
gains made by countries with more advanced systems
and similar agroecologies. National and international
public research institutions must play a large role, particularly in areas where economic incentives for private
research are weak.

R&D MUST ALSO TARGET
SUSTAINABILITY AND RESILIENCE
Higher productivity alone will not be sufficient to
achieve sustainable and inclusive agrifood systems.
Food systems are major drivers of changes in land use,
depletion of freshwater resources, and pollution of
aquatic and terrestrial ecosystems,22 and the production of food (especially animal-source foods) generates
more than a third of the anthropogenic GHG emissions
that cause climate change.23 In turn, climate change
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will have major impacts on the future quality, quantity, and distribution of food. At present, only about
7 percent of LMIC spending on agricultural innovation
targets sustainable agricultural intensification.24 Going
forward, increased investment will need to be directed
to research and innovation focused on healthier and
more sustainable diets, improvements in technologies
and management, reductions in food waste and loss,
mitigation of GHG emissions, and increased smallholder resilience and adaptation to climate change, to
name but a few areas.25

INNOVATION IN AGRICULTURAL
TECHNOLOGIES IS CRUCIAL
Adaptation. Innovations in breeding and in production and management systems will play a crucial role at
the farm level in adaptation to climate change impacts.
Promising agricultural technologies such as precision agriculture, biofertilizers, and genome editing are
already accelerating productivity growth without adding to pressures on natural resources (see Chapter 12).
These technologies offer novel uses and applications
that address environmental conditions and climate
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change effects.26 In addition, new breeding techniques can help crops and animals become more
tolerant of heat stress and pests.27 Innovative farming
systems can counter soil erosion and improve moisture and nutrient retention. These include crop and
animal diversification; integration of livestock systems,
forestry, and crop production; changes in feeding
practices; and shifting livestock and crop production
locations.28
The impact of technological advances will vary
with the diverse contexts in which the technologies are applied.29 For example, drought-tolerant,
early maturing varieties will provide greater benefits
to farmers and consumers if climate change brings
sharp decreases in growing season rainfall. Likewise,
nitrogen-use efficiency is only useful in cropping systems where nitrogen availability is a constraining
factor. Investments and innovations therefore need
to be tailored to the specific context in which they are
being applied.30
Mitigation. To achieve mitigation goals, R&D must be
stepped up to develop new agricultural technologies
that can reduce GHG emissions. The technologies and
practices currently available are insufficient to mitigate
global warming. For example, practices like alternate
wetting and drying in paddy rice and expansion of
agroforestry systems can only provide a portion of the
mitigation required in agriculture to reduce the pace
of global warming.31 Land-based mitigation technologies play an important role, but are in turn dependent
on negative emissions through afforestation/reforestation, intercropping, agricultural productivity
improvements, and shifts in food demand. To complement land-based mitigation, potent non-CO2 gas
emissions like methane must be reduced, given the
potential for rapid reduction of these shorter-lived
GHGs in the atmosphere. For example, feed additives
and supplements can reduce methane emissions from
livestock production, while alternative approaches to
water, soil carbon, nitrogen, and land management
provide options to reduce emissions from rice production. Furthermore, food waste and loss, which
generate 8 to 10 percent of global GHG emissions,32
must be addressed. On a per capita basis, postharvest
losses are highest in low-income regions due to poor
infrastructure, storage, and handling. Innovations that

enhance operational management of harvest, transport, and storage of agricultural commodities could
therefore have a significant impact on food security
and GHG emissions (see Chapter 11).

MORE FOCUS IS NEEDED ON
DOWNSTREAM VALUE CHAINS
Most agrifood system research on climate change
adaptation and mitigation has focused on agricultural
production, leaving the implications of climate change
for downstream components of food systems largely
unexplored. These include the effects of extreme
events and sea level rise on agriculture-related services, transportation, infrastructure, and storage
facilities, as well as the effects of regulatory policies
and energy and GHG mitigation policies on the adaptive capacity of domestic food systems.33 Innovations
in processing, packaging, logistics, and commercializing technologies are also important.34 These supply
chain innovations facilitate profitable marketing of output by farmers, creating returns to new technologies,
and thus widespread adoption of the new technologies. R&D investment for downstream technologies in
the food system will need a much higher profile in the
context of climate change and development of food
systems.

COMPLEX INTERPLAY OF CLIMATE
CHANGE AND INNOVATIONS
There are complex interconnections between climate
change impacts and the effectiveness of increased
investments in R&D and specific innovations. Climate
change blunts the impact of agricultural R&D and complementary investments, making it that much more
important to increase these investments, as Figure 3
illustrates. With climate change, progress in reducing hunger slows compared to a world without climate
change. By 2030, the number of hungry in the developing world drops by 186 million (36 percent) with
investments under no climate change while making
the same investments under climate change reduces
hunger by only 165 million (28 percent).35
Challenges that come with gradual changes in
temperature and precipitation patterns can mostly be
met, on average globally, through normal adaptation
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Figure 3 Impact of investments in agricultural R&D, water management, and market access infrastructure
on hunger reduction (% reduction in 2030 compared to no climate change scenario in 2030)
Without climate change

With climate change

1 – 10%

10 – 20%

20 – 30%

30 – 40%

>40%

n/a

Source: Data mapped from T. Sulser, et al., Climate Change and Hunger: Estimating Costs of Adaptation in the Agrifood System, Food Policy Report
(Washington, DC: IFPRI, 2021).
Note: Assumes middle-of-the-road changes in population and income (IPCC socioeconomic pathway SSP 2). Climate change is modeled based on
IPCC emissions pathway RCP 8.5 with the HGEM general circulation model. See Sulser et al. 2021 for details.
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processes in the food system with funding levels following historical trends.36 In fact, the impacts on
production and food security of expected changes in
population and per capita incomes are projected to
outweigh the impacts of average changes in climate
out to mid-century.37 However, extreme and sudden
shocks38 and the combination and interaction of these
driving forces — that is, changes in longer-term climate
trends and socioeconomic development, plus increasing frequency of shocks and extreme events — present
major challenges. The impact of climate change
depends on the resilience of communities, with
wealthier societies and communities better able to
withstand shocks and recover afterward. Likewise, the
effectiveness of different interventions will depend on
socioeconomic status, the severity of climate change,
and other factors.39 All these complex, simultaneous challenges call for more balanced research and
innovation agendas concerned with environmental
sustainability, climate change adaptation, and mitigation and with nutrition and inclusion, as well as the
more traditional focus on productivity growth.

INSIGHTS AND PRIORITIES FOR ACTION
Agriculture and food systems need to provide sufficient and nutritious food for a growing global
population, while at the same time minimizing environmental impacts, enabling producers to earn a
decent living, and adapting and responding to climate
change. The traditional focus of agricultural research
and innovation systems has been on enhancing productivity. Looking ahead, this focus must broaden to
include the larger set of social, economic, nutritional,
and environmental goals that are becoming increasingly important to ensure the sustainability of global
food systems.
Raise LMIC investment across food systems and
build cooperation. Collectively, LMICs spend less
than 0.5 percent of their agricultural GDP on agricultural R&D.40 A recent recommendation suggests
that countries allocate at least 1 percent of their
food-system-related GDP to food systems research.41
Although detailed information on global food research
investment is unavailable, the data on LMIC agricultural R&D spending imply that this ambitious

investment target will require considerable effort.
Certainly, not every country will be in a position to
invest 1 percent, while others can easily invest more.
This highlights the need for closer integration of
research activities at the regional (and global) level —
in an increasingly globalized world, technologies and
innovations can more easily spill across borders.
LMICs are a very diverse group, and not every LMIC
is underinvesting. Many large LMICs (notably China,
India, and Brazil) have well-developed systems producing world-class innovations. In contrast, most small
low-income countries, challenged by low capacity and
limited ability to take advantage of economies of scale
and scope, have overall been less effective in driving
food systems transformation. The scarce resources of
smaller LMICs are spread thinly over a wide range of
commodities and agroecological zones. As a result,
they generally record much lower returns to R&D
investment compared with their larger counterparts.
To allow countries with lagging innovation systems to benefit from the gains made in countries with
more advanced systems and similar agroecological
conditions, a closer integration of agricultural R&D
and innovation at the (sub)regional level is required.
Smaller countries will need to collaborate with countries with large research systems that share mutual
research needs and goals, as well as with regional and
global R&D institutions, in order to acquire the knowledge and technologies that will support agricultural
development and growth in the coming decades. In
Africa, for example, the larger systems of South Africa,
Kenya, Nigeria, and a few other countries can become
the regional drivers of innovation, while smaller African
systems should focus on coordinating their innovation
activities with these leading players and investing to
maximize “spill-ins.” In addition, better coordination
and a clear articulation of mandates and responsibilities among national, (sub)regional, and global R&D
and innovation players (including the establishment of
regional centers of excellence and/or specialization)
are essential to ensuring that scarce financial, human,
and infrastructure resources are optimized, duplications minimized, and synergies and complementarities
enhanced. Continued support to and growth of
regional bodies, networks, and mechanisms will further aid in supporting agendas that target issues of
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Box 1 SETTING R&D PRIORITIES IN EGYPT
A recent analysis in Egypt shows how investment in a range of innovations can be the most effective way to tackle the complex problem
of climate change. Egypt is expected to see particularly strong climate change impacts, with a 10 percent decline in food crop yields by
mid-century. Our modeling work shows that adverse climate effects on some crops (such as fruits and vegetables, potatoes, rice, and
wheat) can be fully offset with increased investments in drought- and heat-tolerant crop varieties plus combinations of investments
in soil fertility improvement, water management, and crop protection. Other crops prominent in Egypt’s agricultural portfolio (maize,
oil crops, pulses, and sugar) are projected to experience more severe impacts from climate change. For these, combinations of
technologies will be crucial for minimizing the negative climate impacts.

Source: N. Perez, Y. Kassim, C. Ringler, T. Thomas, H. ElDidi, and C. Breisinger, Climate-Resilience Policies and Investments for Egypt’s
Agriculture Sector: Sustaining Productivity and Food Security, IFPRI Food Policy Report (Washington, DC: IFPRI, 2021).

(sub)regional interest. The restructured One CGIAR
can play a constructive role in this regard.
Set clear R&D investment priorities. Countries and
regions will need to identify priority innovation areas
that are sustainable, equitable, inclusive, and scalable,
and consider where additional spending has the largest impact in terms of both productivity and climate
change adaptation and mitigation. Investments must
target innovations not only in primary production, but
also in the postharvest handling, storage, processing,
distribution, and consumption of food and agricultural
commodities.42 Even at the farm level, a combination of technologies may be the most effective way
to boost productivity and meet climate change goals
(Box 1). Moreover, national and regional investments
in food systems innovations need to be aligned with
broader public and private investments — such as
those in infrastructure, financial services, information
technology, and digital services — for synergistic adoption and inclusion in agrifood systems.
Promote both public and private investment in
research and innovation. Although private sector investment in agrifood innovations is increasing,
greater private involvement is needed to tackle key
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emerging challenges, particularly in the postharvest
stages of value chains (see Chapter 11). Cultivating
private R&D funding requires that national governments provide a more enabling policy environment
through tax incentives, protection of intellectual property rights, and regulatory reforms to encourage the
international spill-in of technology (see Chapter 10).
In addition to stimulating agribusiness research funding (see Chapter 5), countries also need to forge and
leverage new mechanisms and partnerships that bring
together different investors, including small-scale
farmers.
Even with an improved enabling environment and
increased private investment, a clear role remains for
increased public investment to achieve broader food
system goals for which private incentives are insufficient. The current low levels of investment in many
LMICs are striking, considering the high potential
returns on these investments, particularly compared with payoffs to other types of investment (see
Chapter 2). Looking ahead, the challenge of mobilizing public support for shared investment to achieve
shared food system goals may well be greater than the
challenge of innovation itself. But it is not a challenge
we can afford to ignore.
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Investing in agricultural
research can be a highly
effective pathway to both
reducing poverty and hunger
and addressing climate change
impacts on food systems.

CHAPTER 5

Climate Finance
Funding Sustainable Food
Systems Transformation
EUGENIO DÍAZ-BONILLA AND RUBEN ECHEVERRÍA
Eugenio Díaz-Bonilla is a special advisor, Inter-American Institute for Cooperation on
Agriculture, and a senior visiting research fellow, International Food Policy Research Institute,
Washington, DC. Ruben Echeverría is a senior advisor, Agricultural Development, Bill &
Melinda Gates Foundation.

KEY MESSAGES
■

Reorienting financial flows to address climate change
adaptation and mitigation is one of the key objectives
of the Paris Agreement on climate change, and global
interest in its important role for transformation of the
world’s food systems is growing. Six main flows of funds
are relevant: expenditures by consumers, sales by food
systems operators, international development flows,
public budgets, banking systems, and capital markets.

■

Current financial flows for climate change in the
agriculture, forestry, and land use (AFOLU) sector,
one of the components of food systems, amount to
US$20 billion annually — less than 4 percent of total
climate finance. Estimates of additional funds needed for
a climate-positive transformation of food systems plus
meeting other Sustainable Development Goals range up
to $350 billion per year to 2030.

■

Reorienting funds requires further analysis of
this financial gap, and identification of existing
counterproductive investments as well as appropriate
climate-positive activities and potential finance sources.

Important steps can be taken now to increase funding for
climate change mitigation and adaptation in food systems:
■

Establish effective incentive frameworks, as well as
enabling macroeconomic and trade environments,
for climate-positive food systems transformation.
Governments can consider legislating net-zero carbon
targets, pricing of climate externalities, development of
carbon markets, and disclosures of climate risks as ways
to create an effective incentive framework.

■

Guide consumption- and production-related financial
flows in food value chains. To reorient consumer
spending, governments can influence the food
environment using fiscal tools, regulations, and
information; investments by food systems operators
can be influenced by consumer demand and by taxes,
subsidies, and regulations.

■

Use international development funds strategically.
Multilateral and bilateral development agencies
should be held to their climate commitments, and their
investments can be used to leverage private funds from
global capital markets.
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■

Improve the allocation of national public
budgets. To achieve the greatest impact,
public funds should be targeted to research
and innovation for sustainable intensification
of agriculture, as well as investments in science
across entire food value chains and the
consumer environment.

■

Steer banking systems and capital markets
toward climate-positive operations. Climate
mitigation and adaptation projects constitute
a miniscule share of bank lending and private
sector investments, while investments in
counterproductive activities remain high.

■

Ensure banking systems and capital markets
support inclusive transformation by identifying
investable opportunities and targeting credit
lines to disadvantaged groups. Small farmers
and businesses, women, and youth are most
affected by climate change but often lack
access to investment funds.

The transformation of food systems is crucial
for achieving multiple global objectives, including the climate change mitigation, adaptation,
and resilience goals established in the 2015 Paris
Agreement.1 This international treaty committed
signatories to “making finance flows consistent
with a pathway towards low greenhouse gas emissions and climate-resilient development.”2 Major
global initiatives in 2021, including COP26 and the
United Nations Food Systems Summit (UNFSS),
have reiterated the Paris Agreement objective
of reorienting finance flows and have focused
international attention on the critical role of food
systems transformation in meeting global climate
goals (Box 1).
Food systems — from agricultural production
to food value chains, including inputs, processing,
transportation, and retail, to consumers — must
retool their operations to cut greenhouse gas
(GHG) emissions, adapt to climate change, and
enhance climate resilience. This transformation
will require new technologies, institutions, infrastructure, policies, and other interventions, many
discussed in this report, to achieve climate-related
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Box 1 FINANCIAL ISSUES AT UNFSS AND COP26
Finance for the transformation of food systems to address climate change appeared prominently in discussions at two major events
of 2021: the United Nations Food Systems Summit (UNFSS) and the climate change Conference of Parties in Glasgow (COP26). This
suggests there is growing global commitment to addressing mitigation and adaptation in food systems and to finding innovative
ways to fill the finance gap. The UNFSS was a broad consultation, involving governments and many other stakeholders, with no legally
binding commitments. The Summit was framed around five Action Tracks, which presented several financial proposals. A Finance
Lever Group created to inform the UNFSS (with the World Bank, IFPRI, the Food and Land Use Coalition, and other participants)
issued a document on Food Finance Architecture: Financing a Healthy, Equitable and Sustainable Food System,a which identifies core
“imperatives” needed to optimize public spending and mobilize private capital for a global food systems transformation. In addition,
several coalitions and initiatives were formed around finance, including the Coalition of Action for Inclusive and Sustainable Food
System Finance: The Public Development Banks Initiative and the Good Food Finance Initiative. Further work on finance will be taken
up by those or other coalitions, and by specific national plans.
The COP26 meeting was a negotiation among governments and the resulting agreements have legal implications. (There were
also voluntary commitments, with different stakeholders.) The main resolution reached by the participating countries — the Glasgow
Climate Pact — includes several sections on finance. In addition to reiterating the Paris Agreement commitment to reorienting finance
flows to address climate concerns, the Glasgow Pact highlights the need for additional adaptation finance for developing countries.
It urges developed countries to double the amounts available by 2025, and multilateral institutions and the private sector to provide
additional support. In view of the increasing financial needs of developing countries in the context of COVID-19, the agreement calls
for more funds from multilateral development banks and other financial institutions and increased transparency in climate finance. In
addition, a “Glasgow Dialogue” was initiated with countries, relevant organizations, and stakeholders to discuss funding for activities
to avert and address loss and damage associated with climate change in developing countries.

goals. Many of these interventions need climate
finance.3 In particular, investment in sustainable
intensification of agriculture, mainly in developing
countries, will play a key role in the solution to climate
change.4 Sustainable intensification can potentially
play a triple role in addressing climate change: reducing emissions from crop and livestock production via
climate-smart practices; helping capture more GHGs
through efficient agriculture and landscape management; and adapting and building resilience to more
challenging climate and weather conditions.5

FLOWS OF FUNDS
To meet national and global climate goals, existing flows of funds must be reoriented and financial
support must be mobilized for the broad range of
mitigation and adaptation activities needed across
food systems. Taking a broad view of “financing,” six
main flows of funds need to be oriented and scaled
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up toward meeting global climate change objectives (Figure 1).6 Two are “internal” to food systems:
food and food-related expenditures by consumers,
which constitute the sales/revenues of operators in
food value chains (including flows between different
subcomponents of the value chains). Four are “external” to food systems: international development flows
(concessional and nonconcessional loans, grants, and
donations); public budgets (expenditures and revenues); banking systems; and capital markets. Different
options to reorient and scale up each of those flows
are discussed in the section below on what can be
done.
To improve financing flows for climate change
mitigation and adaptation in food systems, we must
consider: 1) how large is the gap between current
financial flows for mitigation and adaptation activities and the expenditures needed for climate-positive
food systems transformation?; 2) are existing financial
flows currently supporting activities detrimental to the
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Figure 1 Flow of funds for food systems
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Source: Based on E. Diaz-Bonilla, J. Swinnen, and R. Vos, “Financing the Transformation to Healthy, Sustainable, and Equitable Food Systems,” in
Global Food Policy Report 2021: Transforming Food Systems after COVID-19, 20–23 (Washington, DC: IFPRI, 2021).

desired objectives?; and 3) what financial flows can
be used to support different types of climate-positive
activities for food systems? We discuss these three
issues in more detail below. Then, in the following section, we focus on what can be done in the short and
medium term to steer financial flows toward mitigation
and adaptation at the scale needed, and away from
counterproductive investments that risk locking food
systems into climate-negative trajectories.

FINANCE GAP
The Standing Committee on Finance (SCF), established at COP16, has taken some initial steps toward
measuring the finance gap. The SCF’s most recent

report on existing financial flows for all mitigation
and adaptation activities presents a high-end estimate of US$775 billion and a low-end estimate of
about $574 billion.7 The lower estimate derives from a
Climate Policy Initiative report and database8 that provide a useful disaggregation of these financial flows,
allowing us to analyze both all climate-related finance
and the share specifically for mitigation and adaption
in agriculture, forestry, land use, and natural resource
management (AFOLU) in terms of the six flows of funds
(Table 1).9
The bulk of these existing climate funds go
to renewable energy (43 percent), energy efficiency (30 percent), and sustainable transportation

Table 1 Climate finance, low-end estimates of annual average 2017–2018 (US$ millions)
Households
and individuals

Corporations

International
development
flows

Public
budgets

Banking
system

Capital
markets

Total

Total climate
finance

52,651.3

155,988.6

84,195.9

58,835.5

205,801.1

16,783.6

574,255.9

Only AFOLU

3.5

34.0

9,128.0

4,130.5

7,117.5

107.0

20,520.5

Source: Data from Climate Policy Initiative, Updated View of the Global Landscape of Climate Finance 2019 (London: 2020); and personal communication
from Baysa Naran (regarding data for AFOLU).
Note: AFOLU = agriculture, forestry, and other land use.
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(18 percent), while the share for AFOLU is only
3.6 percent of the total.10 However, some expenditures, particularly for adaptation and mitigation in
the energy and transport sectors, may also contribute to climate objectives in food systems beyond the
AFOLU component.
Total gross disbursements from all developmental
sources (bilateral, multilateral, and private) to all recipients and for all purposes, average about $256 billion
a year (2015–2018).11 Of these, funds with identifiable mitigation and adaptation uses averaged about
$84 billion for 2017–2018, of which about two-thirds
were from multilateral development banks (MDBs).
In the case of AFOLU, international development
funds are $9.1 billion, and MDBs account for more
than two-thirds of that total.12 Multilateral climate
funds, such as the Global Environment Facility, with
their complex web of differing governance structures,
modalities, and objectives, provide just $3 billion
yearly (average 2017–2018), of which only $793 million
is for AFOLU.13
Estimates of the financial resources needed in coming years to meet climate-related goals in food systems
range from an additional $15 billion to $350 billion per
year to 2030, depending, among other things, on the
components of food systems targeted and on how the
mitigation and adaptation objectives in food systems
are defined.14 Addressing climate change over larger
sectors of the economy would have higher price tags —
for example, the additional transition costs for the
entire energy sector are estimated at about $5 trillion
annually until 2030.15
In designing food system transformation plans,
constraints on financing will need to be considered.
Some of those constraints are global, such as the
total amount of world savings, which are distributed
very unevenly across regions.16 Other resource constraints will be evident at the level of specific flows,
such as international development flows or public budgets in individual countries. Any proposal to increase
investments in climate-positive activities will require
changes either in investment for other activities or in
savings and consumption, with systemic implications
and potentially economywide repercussions that must
be considered.17
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COUNTERPRODUCTIVE INVESTMENTS
Some existing financing operations are contributing to GHG emissions and hindering attainment of
climate-related objectives and the 2030 Sustainable
Development Goals (SDGs). For instance, some governments subsidize fossil fuels, food producers clear
forests with support from food processors or agricultural subsidies, and so on. Development funds
continue to finance some investments with high GHG
emissions, such as coal-based energy. An estimated
$3.9 billion (annual average, 2016–2017) of international development flows finance fossil-fuel activities,
exceeding climate-positive financing from multilateral climate funds. However, this may change with
the commitment at COP26 of 25 countries and public finance institutions to end financing of projects
abroad with unabated fossil-fuel energy (that is, without carbon-capture) by the end of 2022.18 Stopping
those counterproductive uses of funds would both
reduce the negative climate effects and, potentially,
free up resources for more climate-positive investments. Reallocating these funds would help to cover
some of the costs of adaptation and mitigation activities needed in food systems, but may not be sufficient.
Additional resources may have to be reallocated from
other, climate-neutral uses. But trying to reallocate
funds from uses that are counterproductive from a
climate-change perspective will not be easy, given the
political economy of vested interests of long-term support programs (see Chapter 2).

IDENTIFYING FINANCE SOURCES IN LINE
WITH THE ACTIVITIES ENVISAGED
Determining the appropriate climate-positive activities and associated costs will help identify the actors
involved and the relevant sources of financing and
decision-makers. For example, if adaptation and mitigation objectives imply costs for agricultural extension
services or social safety net programs, the financial
resources will most likely come from public budgets, which depend on direct government decisions.
However, private investments in sustainable agricultural intensification by farmers or in energy efficiency
and food waste management by processing firms may
require loans from banks, which have their own priorities and decision-making processes.
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WHAT CAN BE DONE?
Several important steps can be taken now to identify
financing needs and to increase funding for climate
change mitigation and adaptation in food systems
from the six sources discussed above.
Fill data gaps on financing and emissions. The
data-gathering work of the SCF must be strengthened to help fill the remaining data gaps on climate
finance.19 In particular, data-gathering must expand
beyond AFOLU to include review of financial flows
to all segments of food systems. More detailed data
are also needed on international financial commitments to address deforestation linked to food systems,
food waste and loss, and the energy matrix and GHG
emissions from primary production, processing, transportation, commercialization, and consumption in
food systems (see Chapter 11 on value chains). A formal process of voluntary reporting on climate-related
financial risks for different types of firms has been promoted by the Task Force on Climate-Related Financial
Disclosures (TCFD). These disclosure recommendations could have broader applications for generating
data and changing incentives for private and public
sector investments (Box 2).

Establish effective incentive frameworks for
financing of climate-positive food systems
transformation. Governments have a variety of
policy and intervention options to provide effective frameworks to promote investment in mitigation
and adaptation, and to reorient financial flows away
from unhealthy foods and environmentally damaging
production and toward health- and climate-positive
options. National macroeconomic and trade policies
define the general business environment for agriculture and food production and marketing, including
aspects such as price stability that can facilitate investment (see Chapter 3 on trade). Governance of carbon
emissions, including legislated sectoral and net-zero
targets, and adequate pricing of carbon and other
externalities will be crucial to guiding decisions of
consumers, producers, and other agents in food systems. 20 Governments should work to improve policies,
regulations, and infrastructure to ensure that carbon
markets function properly, following the recent COP26
decisions on operationalizing carbon credit trading, a
carbon market, and a framework for non-market-based
approaches (see Chapter 3, Box 1, on carbon border
adjustment mechanisms).21 Sound carbon markets
that allow for carbon credits, with the possibility of
using the related income stream to support dedicated
bonds, could help reduce GHG emissions from food
systems and related energy systems.22 Also, other

Box 2 DISCLOSING CLIMATE-RELATED INVESTMENT RISKS
Requirements for public disclosure of climate-related financial risks by firms, banks, and other investors could help to reduce
detrimental investments and provide useful data on risky investments. The Task Force on Climate-Related Financial Disclosures
(TCFD), created by the G20’s Financial Stability Board, has developed a set of voluntary disclosure recommendations for publicly
listed companies regarding the climate-related financial risks they face. These recommendations have recently been updated and
are now being considered by several standard-setting organizations, including the International Financial Reporting Standards (IFRS)
Foundation and the International Organization of Securities Commissions (IOSCO). They are also being taken up by some individual
countries (the United Kingdom, Japan, and others), which are starting to require domestic organizations to report according to the
TCFD recommendations, and other countries are considering legislation to require those disclosures as part of the pledges made
during COP26. As yet, disclosure requirements refer mainly to publicly traded companies. Central banks and regulators are also
reviewing their own monetary and financial supervision functions in the context of climate change, which may have larger impacts
on the reorientation of financial flows.a By increasing transparency about climate change impacts, wider coverage of, and regulatory
requirements for the disclosure of climate risk can help generate needed information and change investment incentives.
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instruments such as payments for environmental services (PES) could help stop deforestation and promote
ecosystem restoration and ecosystem services.
Guide consumption- and production-related
flows of funds in food value chains. The internal
flows of funds in food systems, namely food expenditures by consumers — which are also the sales/
revenues of the agents in the food system — amount
to about $8 to $10 trillion, or 9.2 to 11.4 percent of
world GDP.23 Consumers want affordable, convenient,
good-tasting, safe food. Also, they often express a
preference for healthy food and environmental sustainability, although their choices may not reflect these
preferences, in some cases because healthy and sustainably produced foods may be too costly. To reorient
consumer spending, governments can influence the
food environment — including prices, incomes, preferences, and the market structure that frame consumers’
decisions — using taxes and subsidies, income support,
nutritional information, and regulations (for example,
labeling requirements) (see Chapter 8). For producers
and food value chain operators, governments already
influence investment decisions through regulations
and controls related to health, nutrition, and food
safety (see Chapter 11). Other such interventions on
both the producer and consumer sides will be needed
to address climate objectives, such as stopping
deforestation and reducing food loss and waste. For
example, food companies could be charged for the
environmental costs of their waste. In addition, private
sector initiatives, such as pledges by food companies
to reduce their carbon footprint, may require public
mechanisms for monitoring and enforcement. Wider
adoption of the TCFD climate-risk disclosures would
help in this regard (Box 2).
Use international development funds strategically. At COP15 in 2000, developed countries
pledged to provide $100 billion annually for mitigation
and adaptation, a pledge that was renewed at COP26.
Yet international development funds are clearly falling
short, and some support counter-productive investments. Overall, international development funds going
to agriculture and food systems, climate change,
and related uses are small compared with the needs.
The $100 billion commitment made to developing
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countries must be fulfilled, with a larger grant component and sufficient resources allocated to food
systems. To support a positive shift in financing, bilateral and multilateral development agencies should
improve disclosure of their operations with common
reporting methodologies, comply with commitments
linked to zero deforestation and no financing of coal
and other high-emissions projects, and clearly align
their operations with climate goals and the SDGs.
These international public resources also should
be used more strategically to leverage and mobilize the vast liquidity in global private capital markets.
Examples include blended and parallel financing,
guarantees to de-risk specific projects, and socially or
environmentally themed bonds that can mobilize private investments addressing larger humanitarian and
development objectives. This potential for leverage
is also relevant to the current debate about possible
uses of the International Monetary Fund’s latest issue
of Special Drawing Rights (SDRs) (about $650 billion, of
which about 60 percent goes to developed countries).
Reallocating a larger share of these SDRs to developing countries for climate finance could help mobilize
private capital, especially if used to guarantee the issuance of perpetual bonds.24
Improve allocation of public budgets for the
transformation of food systems. Countries’ public
budgets provide another important source of funds for
climate-change related investments (Table 2).
For the largest impact, public funds should be
directed to investments in research and innovation
for sustainable intensification of agriculture to ensure
that interventions are appropriate for local contexts
and science-based (see Chapter 4). Unfortunately,
expenditures in agriculture R&D in developing countries are low (excluding China),25 and focus mainly
on productivity. Only 7 percent of total agricultural
R&D spending has explicit environmental objectives,
and even less includes social aspects of sustainable
intensification. Scaled-up investments in science
and technology are also needed across the whole
food value chain and the consumer environment. A
recent proposal recommends that countries’ investments in these areas should reach at least 1 percent of
food-system-related GDP.26
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Table 2 Public budgets: Total, agriculture sector, climate change, and fossil fuel subsidies (US$ billions)
PUBLIC BUDGETS

Total

Developed
countries

Developing
countries

Developing
countries w/o China

Total a/

26,913.9

19,768.4

7,145.5

4,625.6

515.9

159.2

356.6

117.2

58.8

na

na

na

4.1

na

na

na

826.0

na

na

na

Of which:
Agriculture, forestry, and
fisheries a/
Climate change b/
(of which AFOLU) b/
Fossil fuel subsidies c/

Source: a. Average 2010s, updated from E. Diaz-Bonilla, Financing SGD2 and Ending Hunger, Food Systems Summit Brief (Bonn: UNFSS, 2021) with data
from FAOSTAT; b. Average 2017–2028, from Climate Policy Initiative, Updated View of the Global Landscape of Climate Finance 2019 (London: 2020);
c. Data for 2020, from I. Parry, S. Black, and N. Vernon, “Still Not Getting Energy Prices Right: A Global and Country Update of Fossil Fuel Subsidies,” IMF
Working Paper WP/21/236 (IMF, Washington, DC, 2021).
Note: These figures should be seen as approximations of the orders of magnitude and should not be added across categories, given that sources of the
data and time periods vary, and categorization of “developed” and “developing” countries varies across datasets. Agriculture, forestry, and fisheries covers
the primary sector, but not expenditures that can support production (such as rural infrastructure) or other parts of the whole food system.

One possibility under discussion is to repurpose
the agricultural support measures (about $620 billion),
which currently include a variety of expenditures
and transfers to producers and consumers that
often promote unsustainable production practices
and unhealthy diets (see Chapter 2). Of this, some
35–40 percent are subsidies (concentrated in Europe
and China) that could be repurposed toward the provision of environmental public goods and R&D to
support more sustainable diets. 27 Quantitative estimates of those potential reallocations show the
possible complementarities across SDGs, but also
highlight trade-offs that must be considered in
repurposing those expenditures. Public budgets
also include large subsidies to fossil fuels (expenditures and tax exemptions), amounting to about
$826 billion.28 The Glasgow Climate Pact agreed at
COP26 commits countries to “accelerating efforts
towards the phase-down of unabated coal power and
inefficient fossil fuel subsidies, recognizing the need
for support towards a just transition.” Eliminating those
subsidies would reduce incentives for fossil-fuel use,
and the funds could be reallocated to adaptation and
mitigation in food systems and other sectors.
Public expenditure reviews can help determine
whether the level and composition of government
spending is adequate — as well as efficient, effective,
and equitable — to meet climate change objectives
and other SDGs. Expenditure reviews can help define

budget reallocation, better targeting, and programmatic improvements for public expenditures within the
existing budget limits.
However, these and other reallocations may not
be enough to reach the levels of additional funding
needed; expenditures may have to be increased and
financed by more public revenues. The latter would
require better tax administration and tax reforms to
enlarge countries’ tax bases. For example, proper pricing of externalities of fossil-fuel use would have the
double effect of changing incentives and generating fiscal resources that could help to reach all SDGs
and the climate objectives.29 However, it is important
to note that many developing countries are already
facing fiscal stress as a result of the COVID-19 pandemic, particularly because they have limited access to
unconventional monetary instruments and to low-cost
borrowing in global markets. These countries will
require strong support from international financing
agencies to design and fund their pandemic recovery
programs in the short term and a just climate transition
in the medium term.
Steer banking systems and capital markets
toward climate-positive investments. The banking system and capital markets are significant sources
of funds, but support for climate mitigation and adaptation projects make up a miniscule share of their
investments. While overall flows of new bank loans (of
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more than one year) averaged about $1.6 trillion annually (2015–2019),30 the flow of loans for climate-related
activities averaged only about $206 billion (2017–
2018), of which $158 billion was from national public
banks and $48 billion from commercial banks.31
Banking flows for AFOLU climate activities were significantly lower, at $7.1 billion, and were provided largely
by national development banks. In capital markets,
long-term bond issues were valued at $27.3 trillion
and global equity at $826.8 billion in 2020,32 but capital markets provided less than $17 billion for climate
financing generally and only $107 million for AFOLU,
which was largely invested in developed countries.33
The amounts invested in agriculture and the transformation of food systems, both specifically to address
climate change and more broadly for other SDGs,
appear small.
At the same time, banks and investors continue to finance fossil-fuel operations and activities
linked to deforestation, though the scale of such
climate-negative investments is unclear.34 Policies
requiring disclosure of climate-related risks could
make banks and investors — like companies — provide
a full accounting of GHG emissions from both their
own operations and supply chains and from the companies that they finance. Such disclosure may prompt
these financial institutions to raise interest rates and
charges for companies contributing to climate change
or not do business with them. Some relevant accounting standards have been developed, including the
Greenhouse Gas Protocol and the Partnership for
Carbon Accounting Financials, as well as the TCFD recommendations (Box 2).
While disclosures can reduce funding for activities with high GHG emissions, further work may be
needed to mobilize additional private investments
to support a climate-positive transformation of food
systems and to achieve other SDGs. In capital markets, a growing number of actors now look for positive
social and environmental outcomes as well as profits. To this end, some banks and other investors have
made pledges and formed coalitions such as the
Glasgow Financial Alliance for Net Zero (GFANZ) and
the Climate Finance Leadership Initiative. GFANZ has
argued it can mobilize $100 trillion through 2050 for
climate-positive investments, with an annual flow of
about $3–4 trillion.35 However, standards for such
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nonfinancial objectives vary, as do monitoring and
reporting activities. For these pledges to be effective
in reorienting investment, the macroeconomic, regulatory, and incentives framework discussed above will
be essential, including the legislation of net-zero emissions targets, pricing of externalities, development of
carbon markets, and risk disclosures. Together these
will generate demand and create markets for the necessary financial flows.
Ensure banking systems and capital markets
support inclusive transformation. Food system actors most affected by climate change include
small farmers, small and medium enterprises (SMEs),
native communities, women, and youth. Action will be
needed to create incentives for funding the inclusive
transformation of food systems, particularly investments led by these groups. First, a robust pipeline of
investable opportunities (including individual projects, impact investment funds, green bonds, and other
instruments) must be developed. These must have an
adequate risk and reward profile to attract investors,
and clear, measurable, and monitorable impact objectives aligned with climate goals and other SDGs. To
develop this pipeline, a proposal has been put forward
to establish a CGIAR unit to link private capital and
banks with investable opportunities for small farmers
and rural populations in socially and environmentally
relevant activities.36
Second, central banks, within adequate monetary
programs that considers inflation objectives, can offer
specific lines of credit to financial entities, which in turn
can provide loans for climate-positive activities37 targeted to small farmers and SMEs, including women
and youth, in food value chains. Well-managed public development banks,38 which already play a key role
in climate finance, can be powerful instruments for
addressing market failures that affect agricultural and
rural financial markets and climate finance. They can
also crowd-in private sector funds from commercial
banks and private investors by using blended finance
and de-risking arrangements with their own public
capital.39
Third, continued innovation in financial instruments
is needed, both on the lending side and for savings
and other financial services used by food value chain
actors.40 “Fintech” options based on digital services
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can help to better reach small farmers, SMEs, and rural
populations (see Chapter 12 on digital innovations).
New instruments such as sustainability-linked loans
and bonds can also support climate finance. These
are being used to finance decarbonization transition
plans, with interest rates that fluctuate depending on
the attainment of emission-reduction goals or supply
chain sustainability metrics. However, further innovations are needed to mobilize funds from banks and
capital markets on the scale needed, and in ways that
consider the special needs of small farmers and disadvantaged groups in food systems.

WAYS FORWARD
Although, as shown, current climate finance does not
reach the scale needed, the quantitative estimates
suggest that, in the aggregate, there are sufficient
potential financial resources available to fund a
climate-positive transformation of food systems as well
as to achieve other SDGs. However, much more work is
needed to create the necessary incentives to mobilize
these funds. Change must start with the macroeconomic and overall incentive framework, including the
legislation of net-zero carbon targets, pricing of climate externalities, development of carbon markets,
and disclosures of climate risks.
Beyond these frameworks, there are several options for guiding financial flows away from
climate-negative activities and toward climate-positive
ones. Implementing these options will require a sustained global effort. The UNFSS and COP26 have
advanced two promising institutional approaches.
First, these two global events sparked the formation of several coalitions of interested stakeholders,
public and private, including those focusing on
net-zero deforestation, net-zero carbon finance, good
food finance, reduction of food waste and loss, and
sustainable livestock production. To be effective, these
coalitions must clarify their governance, funding, and

operational structures and approaches, and those with
overlapping topics may need to consolidate around
common structures.
Second, both global meetings considered mechanisms to design and implement national plans for
climate-positive food systems transformation. The UN
Secretary-General announced at the UNFSS that there
will be UN-appointed resident country coordinators to
help manage the work of the UN organizations around
national food systems transformation programs (the
“national pathways”).41 Furthermore, as part of the climate change negotiations, countries must present
their objectives for mitigation (Nationally Determined
Contributions, NDCs) and may develop plans for adaptation (National Adaptation Plans, NAPs). In addition, at
COP26, suggestions were made for setting up national
platforms to coordinate private investors around
country-focused plans for the energy transition.42
These global approaches can only be implemented
if countries structure their own national committees
to design and coordinate their national plans for sustainable food systems transformation, integrate them
with their NDCs and NAPs, and ensure that all bilateral
and international organizations operate in accordance
with those plans. The establishment of international
mechanisms to help countries design, finance, and
implement such national programs could strengthen
institutionally weak initiatives. The fiscal constraints
created by the current pandemic increase the need for
such support and more creative use of international
development funds. Most important, investments in
science, technology, and innovation (including best
practices for system transformation and institutional
change) must be increased to achieve the desired
objectives for food systems in developing countries,
where there are large opportunities to reduce emissions, capture more carbon, and improve adaption
and resilience in order to support sustainability and
long-term food security and nutrition for all.
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KEY MESSAGES
■

■

■

■

Social protection programs are a central component of
national strategies in low- and middle-income countries
(LMICs) to increase incomes for poor households and
protect them from livelihood shocks.
Social protection is also vital to effective climate change
responses; it supports adaption to more frequent
extreme weather events and can support mitigation.
These measures are especially important in LMICs,
where most program beneficiaries are poor rural
households engaged in agriculture and where climate
change may drive major economic disruptions.
Adaptive social protection (ASP) is an integrated
approach that addresses the challenges of climate
change by combining social assistance programs
with humanitarian assistance and disaster risk
reduction strategies.

The following steps can strengthen the role of social
protection systems in climate adaptation:
■

Expand coverage of existing social assistance to
immediately improve resilience of the most vulnerable,
reduce hardship, and promote economic inclusion.

■

Reform social protection systems by strengthening
coordination between conventional social assistance,
humanitarian response, and disaster risk reduction.

■

Undertake risk and challenge assessments, including
of contextual factors and climate forecasting, to inform
social protection adaptation.

■

Reform program modalities to support household
coping strategies, such as using digital transfers that are
accessible during local seasonal migration.

■

Make social protection “climate smart,” such as through
innovative insurance and productive inclusion initiatives.
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Social protection programs are a central component
of national strategies in low- and middle-income countries (LMICs) to increase incomes for poor households
and protect them from shocks to their livelihoods.
Social protection programs currently reach more than
2 billion people worldwide and are found in every
country in sub-Saharan Africa.1 Social protection systems comprise a wide variety of programs that include
targeted cash and food transfers, food vouchers,
school meals, public works, old age pensions, and
public sector insurance, as well as the policy, administrative, and funding mechanisms to deliver these
programs. Numerous studies that draw extensively
on rigorous impact evaluations have documented
substantial short-term impacts of social protection
programs, especially cash and in-kind social assistance, on food security and asset formation,2 as well as
on education, health, and dietary diversity.3 However,
evidence on the impact of social protection systems
designed to sustainably reduce poverty by responding to large-scale shocks is more limited. For example,
many national social protection systems in the poorest
and most vulnerable countries of sub-Saharan Africa

and South Asia dating to the 2000s started with targeted standing safety net programs and then later
integrated measures to provide humanitarian assistance, scale up temporary transfers to better respond
to shocks, and promote household and community
resilience — the ability to avoid or escape from chronic
poverty in the face of myriad stressors and shocks.4
The potential for social protection to help address the
challenges of climate change has been recognized for
more than a decade,5 but the expansion of social protection programs designed to address climate change
is relatively recent.6
This chapter outlines the policy justification
for including social protection in climate change
responses in LMICs. We then briefly introduce potential approaches for designing social protection
systems to address some of the most serious risks and
consequences of climate change. Finally, we propose
five steps that governments and their partners can
take now to strengthen the role of social protection in
climate change adaptation.
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WHY IS SOCIAL PROTECTION NEEDED
FOR CLIMATE CHANGE RESPONSES?
Social protection measures have been recognized
as a vital component of effective climate change
responses, as they provide protection from the more
frequent extreme weather events caused by climate change (and other shocks such as COVID-19).
Contemporary social protection approaches can also
play a proactive role in climate change mitigation
when they are purposefully combined and integrated
with wider climate-related policies.
Adaptive social protection (ASP) is an integrated
model that best encapsulates the current approach to
addressing the challenges of climate change through
social protection.7 ASP can be used to design social
protection systems that build the resilience of poor
and vulnerable households to a range of covariate
shocks, including natural disasters and slow-onset
hazards that are accelerating and intensifying due to
climate change, as well as forced displacement and
pandemics like COVID-19. This approach integrates (1)
social assistance programs like cash transfers, which
raise the incomes of poor households and help them
respond to shocks, with (2) humanitarian assistance,
which provides targeted temporary aid to households
that experience a large covariate shock, and (3) disaster risk reduction strategies, which make investments
to reduce the effect of future shocks.
There is a strong policy justification for social
protection to feature prominently in responses to
climate change in LMICs. Most social protection programs target poor households in rural areas of LMICs,
where many livelihoods are directly or indirectly
linked to agriculture. Major weather events, including
droughts and floods, are among the most prevalent
and destructive shocks to these economies. In many
places, climate change makes such events more frequent and severe. A substantial body of rigorous
research documents the impact of social protection programs, showing that they increase household
food security and assets,8 reduce poverty,9 increase
savings,10 increase education,11 and promote resilience12 to economic shocks, including severe weather
events.13
In addition to this rationale, the projected impacts
of climate change underscore the importance of social
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protection in national response strategies. Climate
change has the potential to drive sweeping economic
changes, including declining returns to labor in agriculture, a shift toward rural non-farm employment, and
rural out-migration to urban centers or other countries
(Box 1). Recent evidence provides examples of effective “cash plus” approaches, where, for example, cash
transfers combined with agricultural advisory services
increased crop production and livestock ownership.14
Studies that test the impact of cash transfers and
job training show some positive effects on off-farm
employment under the right conditions. These studies
suggest potential for programs providing social assistance and complementary trainings, investment, or
services to strengthen impacts on crop diversification,
investment in soil and water management, or off-farm
employment generation that could help address
immediate risks to livelihoods from climate change.
As targeted interventions reaching large populations of poor households, social protection programs
will make climate change responses more inclusive.
ASP programs can serve as a platform for other components of the climate change response, such as
improving access to service delivery in agriculture and
health and ensuring that poor and socially marginalized groups are included in climate change initiatives
in these sectors.15 The potential of these programs
to include women is especially important, as women
are disproportionately affected by climate change.16
In many societies, women have limited control over
household resources, hold less savings and credit,
have access to smaller or more marginal lands, and
face restrictive norms that limit their ability to rely on
others in times of need. As a result, women are more
vulnerable to the increasing shocks and stresses
brought on by climate change, and they can face
increased marginalization and inequality. Transfers
from social assistance programs are often targeted to
women, which help them build savings and assets, and
can strengthen their autonomy over livelihood choices.
This could bolster their resilience to climate change–
related shocks. However, many programs are not
otherwise designed to address the challenges faced
by women or their climate risks.
By reforming program modalities to improve resilience, ASP programs have the potential to make
climate change response strategies more socially
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Box 1 A ROLE FOR URBAN SOCIAL PROTECTION
IN THE CLIMATE CHANGE RESPONSE
Adaptive social protection (ASP) can play a central role in the climate change response in urban areas, but an effective urban approach
will differ from the better-known modalities used in rural areas. One reason is that poor households face unique challenges in an
urban setting, including the need for employment outside the farm or home, deplorable housing conditions, and high costs for
food and basic necessities. The urban context also benefits the poor in some ways, such as affording greater mobility and increased
opportunities for employment and human capital investment.
Climate change will contribute to worsening conditions for the urban poor in several ways. First, the number of urban poor is likely
to grow, perhaps substantially, as accelerating weather shocks reduce the returns to agriculture, driving migration to cities from rural
areas. Also, climate change is likely to increase episodes of extreme heat in urban areas, to which the urban poor are highly vulnerable:
they often work outside with little ability to avoid work on hot days, and their housing can be dangerously hot.a These heat shocks
increase the risk of health problems, but healthcare is often unaffordable for urban poor households.
Urban ASP programs can help address these challenges by conducting vulnerability assessments, improving housing conditions
for the poor, improving access to public transit, and providing cash transfers to allow poor households to make decisions that overcome
their specific constraints.b The centrality of the employment problem explains why urban social protection programs often include job
skills training or employment matching and support. However, many government-supported skills training programs fail in LMICs,
so innovative approaches are needed. In addition, effective urban social protection programs sometimes include mobile phone–
based transfers, vouchers, or smart cards for free public transportation and subsidized childcare to assist women in accessing more
employment opportunities.

and gender inclusive. To achieve this, policymakers
must recognize that, despite their poverty, beneficiaries of social assistance programs have agency
and often work in sectors like agriculture that are
most vulnerable to climate risks. Evidence shows
that these households will respond to incentives and
invest in strategies to improve their well-being when
resources and opportunities are available. Thus, the
challenge is to identify effective designs for social protection programs that strengthen climate resilience.
India’s Mahatma Gandhi National Rural Employment
Guarantee Scheme, for instance, has taken steps to
support climate change adaptation outcomes through
its public works.17 Furthermore, it has the potential
to be socially transformative through its inclusion of
historically excluded groups such as rural laborers,
Scheduled Castes, and women, though the extent
of its inclusiveness varies substantially across states,
depending on how committed local governments are
to its implementation.

POTENTIAL APPROACHES FOR
ADAPTIVE SOCIAL PROTECTION TO
ADDRESS CLIMATE CHANGE
Recent experience suggests several approaches for
ASP programs to address specific aspects of the challenges posed by climate change:18
Improving climate change adaptation and mitigation. Cash transfers may facilitate the adoption
of more climate-resilient crops or related farming
practices. A recent study in Malawi used a randomized controlled trial design to test the effect of cash
and input transfers, with and without a program of
intensive agricultural extension. Both cash and input
transfers increased the value of production, and production gains were largest for the group receiving
transfers and extension services, though these effects
were not sustained after one year.19 Although this
model tested agricultural intensification, it also suggests a promising approach to testing strategies
that use cash transfers to promote climate mitigation
strategies. In another example, Ethiopia’s Productive
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Safety Net Program (PSNP) provides transfers to more
than 8 million people, primarily through a system of
labor-intensive public works (often including women
and youth) to rehabilitate land and natural resources
on community-held property. A recent study showed
that the PSNP increased tree cover by 3.8 percent from
2005 to 2019, plausibly contributing to reduced global
warming.20
Applying innovative approaches for risk management. Insurance-based solutions are a natural
response to the challenge of climate risk management, but the private sector has been largely unable
to develop crop insurance or related instruments
(such as risk-contingent credit) to share risk with rural
households. Digital innovations are helping to reduce
those barriers, but climate change is raising new challenges by shifting the distribution of outcomes in
unpredictable ways. ASP strategies offer possible solutions through planned temporary assistance that is
designed like insurance, but with premiums paid by
the public sector. One example is state-contingent
cash transfers that are pre-committed to be paid to
targeted households and delivered in response to climate triggers.21 In Kenya and Ethiopia, index-based
livestock insurance (IBLI) schemes have enabled
pastoralists to manage climate risks. 22 This allows
households to undertake riskier, but more profitable,
livelihood activities, knowing that assistance will arrive
in the event of a significant weather shock.
Incentivizing employment transitions and supporting geographic relocation. Social assistance
programs can also support economic transitions
caused by climate change, such as changes in employment. These changes often represent a moment of
economic vulnerability, particularly for the extremely
poor. In Egypt, the government introduced FORSA, an
innovative program of asset transfers or job training
and employment services combined with temporary
maintenance transfers, to support beneficiaries of the
country’s Takaful safety net program as they transition off social assistance. Similar approaches could be
applied to support job transitions from sectors declining due to climate change. Evidence of the effect of
job training programs in LMICs is mixed, but programs can be successful if they provide skills that are
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in demand in the labor market. Migration from rural
to urban areas is expected to accelerate with climate
change, but extremely poor households often lack
the resources or financing to undertake the cost of
migration or the risk that urban employment will not
materialize. Research from Bangladesh showed that
a modest transfer to support seasonal migration had
very large returns for households facing extreme seasonal food insecurity.23
These approaches are promising examples of
social protection strategies to address the challenges
and constraints imposed by climate change, but evidence of their effectiveness is limited. As governments
adapt their social protection systems in response to
climate change, research will help to identify which
approaches have the most potential. Meanwhile, the
effectiveness of many social protection designs is supported by substantial rigorous evidence; these point
to steps that governments can take now to strengthen
their response to climate change.

FIVE STEPS GOVERNMENTS CAN TAKE NOW
The following steps could be taken now to strengthen
the climate change response of their social protection systems.
Expand coverage of existing social assistance
to immediately improve resilience. Substantial, rigorous evidence confirms the significant impact and
cost-effectiveness of many common social protection
modalities, including the popular program modality
of targeted monthly unconditional cash transfers. As
an immediately available policy option, governments
around the world can increase program enrollment
among those most vulnerable to the effects of climate
change due to increasingly frequent weather shocks
or the changing economic trends described above.
This recommendation to expand coverage of social
protection programs raises a concern about their fiscal sustainability. Government responses to climate
change will face trade-offs between increasing access
to transfer programs and investing in sector-specific
mitigation and adaptation strategies. Social protection programs cost 1.5 percent of GDP on average,
a substantial investment.24 However, where these
investments enable poor households to recover from
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shocks more quickly or avoid drawing down productive assets, the cost-effectiveness of transfers from
well-implemented programs may be substantial.
Reform social protection systems to be more
adaptive. Strengthening coordination and integration
between conventional social assistance, humanitarian response, and disaster risk reduction approaches
will reduce risk and improve resilience throughout
the social protection system. In a crisis like a severe
drought or flood, social protection programs should
be able to undertake the following “shock-responsive”
adjustments, according to the type of shock and who is
affected: vertical expansion to increase the size or frequency of payments to existing program beneficiaries
if they are most at risk, horizontal expansion to provide
payments to newly vulnerable households, and piggybacking to draw on existing administrative structures
to provide new forms of assistance. 25 Many countries
applied at least one of these adjustments during the
COVID-19 pandemic.26 Even before the pandemic,
Ethiopia’s PSNP was a good example of an ASP system with well-documented evidence of success. The
PSNP includes a contingency financing facility in which
district officials develop detailed plans to respond to
shocks. This enables them to conduct a rapid assessment and respond quickly with appropriately scaled
and targeted assistance, whether to existing PSNP
beneficiaries or other vulnerable households. A recent
study found that during a severe drought in 2015, the
PSNP helped avoid a significant food security crisis.
The program reduced the length of the food insecure
period by 57 percent and facilitated the full recovery of
household food security within two years.27
Undertake risk and challenge assessments to
inform social protection adaptation. Effective
approaches to reducing the risk from climate hazards are likely to depend on context, including
vital economic sectors, past exposure to shocks,
and dimensions of social and gender inequality.
Assessments should also include careful climate
change forecasting to anticipate the scope and timing of worsening climate risks. Government officials
can then evaluate which risks can be addressed
through existing social protection mechanisms and
which require new approaches. Governments should

guard against the tendency to link program designs
too closely to specific climate hazards. Instead, they
should design climate-smart social protection systems that consider multiple drivers of vulnerability and
strengthen household and community resilience to a
variety of shocks.
Reform program modalities to support household coping strategies. For example, a transition
from manual collection of food aid or cash to digital vouchers or cash transfers using “mobile money”
platforms would allow recipients to receive payments
promptly, anywhere in the country.28 This would overcome the problem in which geographically-based
safety net transfers to rural households prevent them
from migrating to cities for more profitable employment. This problem could also be addressed by
strengthening urban safety nets, which are likely to
expand as the effects of climate change worsen.
Make social protection “climate smart.” Enhance
the absorptive, adaptive, and transformative capacities of people facing climate change by scaling
up weather-indexed insurance schemes to reach
both crop farmers and livestock producers; environmentally friendly public works projects such as
community-based watershed management; and productive inclusion initiatives such as the Sahel Adaptive
Social Protection Program.29
Many governments are working to adapt the design of
social protection programs to improve their effects on
the resilience of vulnerable households to economic
conditions. Climate change increases the urgency of
these adaptations. Use of ASP approaches is likely to
make national climate change responses more effective and inclusive.
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CHAPTER 7

Landscape Governance
Engaging Stakeholders to
Confront Climate Change
RUTH MEINZEN-DICK, WEI ZHANG, HAGAR
ELDIDI, AND PRATITI PRIYADARSHINI
Ruth Meinzen-Dick and Wei Zhang are senior research fellows and Hagar ElDidi is a
research analyst, all with the Environment and Production Technology Division, International
Food Policy Research Institute, Washington, DC. Pratiti Priyadarshini is senior program
manager, Foundation for Ecological Security, Anand, India.

KEY MESSAGES
■

Confronting climate change requires governance at the
landscape level where actions are taken that support
natural resource management for adaptation and
mitigation. Landscape-level governance can foster a
shared vision and coordinated actions among people
with diverse livelihoods, resource uses, and interests.

■

Human and social capital, such as leadership and trust,
are important assets for landscape management that
should be fostered to increase stakeholder engagement.
Addressing power inequities among landscape-level
stakeholders is essential for knowledge-sharing,
cooperation, and participation.

■

Integrated, landscape-level coordination and incentive
structures must actively involve multiple communities,
government, and the private sector. Different
geographic and time scales require different formal and
informal institutions for governance — from local user
groups to state institutions to nationally determined
property rights.

■

Multistakeholder platforms (MSPs) can facilitate
coordination and engagement in knowledge exchange
and decision-making for landscape governance.

■

Integrated landscape approaches are still being
developed, with much to be learned. Treating
these pilots as “learning labs” can help to build
knowledge quickly.

Policy priorities should include:
■

Develop MSPs to build collective action on climate
change. Effective MSPs require investment of time and
resources to build a shared vision among actors, as well
as to strengthen community and government capacity
for cooperative landscape management.
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■

Strengthen resource rights to support
long-term investments. Tenure security,
including both individual rights and
collective rights over shared resources
such as forests and irrigation systems,
is essential to create incentives for
long-term investments.

■

Devolve resource rights and management
responsibilities. Shifting rights and
responsibilities to communities can promote
locally appropriate actions on climate
change and encourage governments to
collaborate across sectoral divisions and with
communities and the private sector to help
address climate change and other goals.

Confronting climate change requires action at all levels, from the individual to the global. While there are
campaigns to change individuals’ behavior and calls
for global and national government action, more
attention is needed to governance at the landscape
level. The natural resources and ecosystem services
that meet the material and nonmaterial needs of communities and form the basis of our agrifood systems,
as well as the various types of land users and stakeholders with different land ownership and use rights,
are intertwined in landscapes (Box 1). Much of the
debate and policymaking around the interconnected
challenges to agrifood systems — climate change, biodiversity loss, environmental degradation, and food
insecurity — happen at the global and national scales.
However, integrated landscape approaches offer great
promise for helping countries to meet their Nationally
Determined Contributions to greenhouse gas (GHG)
emissions reductions by managing resources to reap
multiple benefits and balance economic, social, and
environmental goals.1 In the case of climate change,
decisions on how and where to reduce GHG emissions and how to adapt in ways that can address
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other critical goals, including food and livelihood
security, must take place at the landscape level. The
real outcomes will be determined by the cumulative
actions of many local stakeholders within particular
landscapes, with differing, but potentially complementary interests that can support sustainable use
of resources within their specific environmental, cultural, and socioeconomic contexts.2 In this chapter we
present a framework that highlights the importance
of coordinated action and then look in more detail at
approaches to strengthening this coordination for integrated landscape approaches, particularly polycentric
governance systems and multistakeholder platforms.
Numerous initiatives are recognizing that the landscape scale is appropriate for coordinating the actions
of people with diverse livelihoods and interests.3 For
example, water storage is key to reducing both floods
and droughts, but increasing storage requires identifying sites in a watershed that are technically suitable
and will meet the needs of different groups, and ensuring that the storage is not only constructed but also
maintained over time (see Chapter 9 regarding location of clean energy projects). Integrated systems
thinking can bring stakeholders together for more
effective and equitable climate change responses
that could achieve major increases in carbon storage
in forests and soils and support scaling-up of other
nature-positive solutions for food systems. While identifying effective actions and technologies to address
climate change is essential, identifying appropriate governance structures and policies to promote

inclusive, effective landscape management for mitigation and adaptation is likewise critical.
Reaching climate change adaptation and mitigation
goals will require governance that fosters cooperation and capacity among the range of actors driving
resource use and farming practices at the landscape
level. Such local institutional arrangements, supported
by an enabling state policy framework, must account
for both the spatial and time scales of each response.
Figure 1 provides examples of several common strategies involving natural resource management practices,
with those primarily related to adaptation in orange
and those more relevant to mitigation in green; the relative roles of state and collective action are illustrated
by the triangles on the right-hand side.
The spatial scale ranges from the individual farm
to the global scale. Actions at the farm level, such as
planting a drought-resistant crop or adopting agroforestry and similar plot-level climate-smart practices,
generally require little institutional coordination.
However, coordination may be needed at higher levels to support climate-smart practices, for example,
to produce the new crop varieties and develop seed
systems to distribute them and extension programs to
promote them.
At the group or community level, climate change
response options — such as constructing a small reservoir for irrigation to promote resilience to droughts
and floods or landscape restoration and diversification to increase biodiversity, carbon sequestration,
and other ecosystem services — all require some form
of coordination. At this local level, collective action

Box 1 WHAT ARE LANDSCAPE APPROACHES?
The interconnected nature of natural resources has drawn attention to the importance of coordination of actors across physical
landscapes. Recognition of the complexity of sociotechnical interactions within landscapes has given rise to integrated landscape
approaches (ILAs). Yet neither landscapes as a scale for action nor ILAs have a precise definition,a and the concept remains open to
interpretation despite, or perhaps in part due to, the wealth of literature on the topic.b It is generally agreed that ILA is an umbrella
term for integrated strategies that seek to address “wicked” problems at the landscape level, where complex challenges such as food
security, climate change mitigation and adaptation, sustainable resource management, and poverty alleviation often intersect, and
that ILAs attempt to bridge disciplinary, sectoral, and governance divides to better balance and ideally improve landscape-level social
and environmental decision-making and outcomes.c
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Figure 1 Role of coordination institutions and property rights in climate change mitigation and adaptation responses
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institutions such as water user associations or forest
user groups are often the most appropriate governance mechanisms. Some state institutions may also
be relevant. Examples of roles for state institutions
include providing technical advice to farmers’ groups
on constructing or operating an irrigation system and
incentivizing other actors in the value chain, such as
operators of food storage and processing enterprises
to deliver co-benefits to mitigation, for example by
reducing postharvest food loss.
Moving up the spatial scale, government agencies become increasingly important for coordination,
although collective action institutions may still be relevant. In Nepal, for example, the National Federation of
Forest User Groups coordinates between local forest
user groups and the government. When the relevant
scale for policies or action is the global level, then
international institutions are usually required for coordination, either through existing international bodies

such as UN agencies or new institutions created for the
purpose, such as carbon credit exchanges. However,
even for climate change programs with a national or
international scope, much of the actual action takes
place at the landscape level, between the community and the (sub)national levels, where coordination
of investments with local land use and resource use
planning calls for interaction between the state and a
variety of formal and informal groups. Experience has
shown that sustainable action at these levels cannot
be achieved by fiat; rather, it requires engaging a wide
range of stakeholders.4 Multistakeholder platforms,
discussed below, offer a promising structure for inclusive landscape management.
The timeframe for actions also affects the nature
of institutional arrangements needed, particularly the
strengthening of rights to land and resources required
to foster action. While climate change response
schemes are urgent, some will show results in the short
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term (a year or two), others in two to ten years, and
some have a much longer time horizon. Compared to
planting an annual crop, for example, planting trees is
a long-term investment. The longer the time span, the
more difficult it will be to gain and maintain support
for action and to monitor progress, unless benefits are
clearly apparent. Among the investments shown in the
figure, many with longer time horizons require attention to property rights. To ensure that the individuals
or communities making the investments (such as planting trees or protecting forests) have the incentives and
authority to make and protect these investments, we
must consider whether individual farmers have tenure
security or if forest and water user groups are recognized as custodians of these resources. In addition,
some actions will be intermittent, such as responses to
crises like drought or flooding. Crises call for institutional structures designed for preparedness and quick
responses, but these do not need to operate all the
time.

KEY ELEMENTS OF INTEGRATED
LANDSCAPE APPROACHES
With the growing urgency of climate change, integrated landscape approaches (ILAs) have gained
increasing traction among funders of aid programs,
conservation organizations, and researchers,5 as well
as credibility and legitimacy as an emerging discourse
at the UNFCCC.6 Broadly speaking, ILAs are landscape approaches that consider how interconnected
components of the landscape can be managed to
reap multiple benefits and balance economic, social,
and environmental goals. Recognition of the potential of ILAs has sparked a proliferation of initiatives to
address sustainable development issues at a landscape scale,7 but many of these initiatives have not
achieved their goals.8 Researchers have developed
principles and drawn lessons to guide the design and
implementation of ILAs,9 but much uncertainty still
remains about how to successfully operate an ILA and
how to measure its outcomes and impacts.10 However,
the expanding work on polycentric governance, learning labs, and new modes of knowledge co-production
provide useful guidance on approaches.
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POLYCENTRIC GOVERNANCE SYSTEMS
The governance systems of successful ILAs provide the
means of integrating decision-making and management across sectors.11 Since administrative boundaries
are seldom aligned with landscape boundaries and
landscapes most often display a mosaic of natural
resources (such as forests, streams, and grazing lands),
polycentric governance — governance with multiple
actors and centers of authority working at different
scales, both hierarchical and overlapping12 — offers
a potentially powerful solution to scale mismatches
and effective landscape governance.13 For instance,
in India, natural resources are under the jurisdiction of
different state agencies (including the forest and revenue departments), as well as local government.14 They
are also collectively managed by such state agencies
on different administrative levels, various local user
groups (like water committees and forest communities
at the village level), and joint programs such as forest
management and watershed management programs.
In practice, the different organizations and groups
have substantial autonomy, each working to mobilize
resources for governance of natural resources, though
coordination is not always sufficient. Polycentric
governance, complemented by practices of joint deliberation among different actors, can build a knowledge
base that draws on different perspectives and expertise, while enhancing the levels of trust and credibility
among the actors involved.15

LEARNING LABS
For decision-makers and stakeholders, the potential advantages of ILAs make them an appealing way
to introduce landscape thinking into planning and
management approaches.16 However, there will be
no single recipe for effective implementation of ILAs.
Experiences from one place or context may not be
directly transferable to another, and management
responses will need to continually evolve as climate
change and other challenges continue to unfold.17 To
address this need for context-specific approaches,
landscapes should be considered as “learning laboratories,” where the impacts of climate and other
environmental as well as socioeconomic changes
will be felt and the responses tested.18 ILA initiatives can learn from recent approaches such as “living
labs.”19 These are a form of collective governance and
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experimentation with growing applications to address
sustainability challenges and opportunities created
by urbanization in European cities.20 In ILA initiatives,
living labs can serve as stepping-stones to catalyze
system transformation by involving various stakeholders in co-designing and testing integrated social and
technical innovations.21

KNOWLEDGE AND LEARNING
These design and implementation considerations
require new modes of knowledge production and
collaborative learning22 to ensure local ownership of
initiatives and integration of indigenous knowledge,
improve governance systems, and bridge the science–
practice–policy gaps.23 There is a need to invest in
human and social capital (such as leadership, trust, and
collective vision) as assets of the landscapes, including strengthening the capacity of local stakeholders
for effective and equitable participation in the design
and implementation of ILAs. Participatory engagement approaches, such as multistakeholder platforms,
that enable engagement of representatives from the
relevant stakeholder groups can provide the space for
collaboration, learning, and joint decision-making.24
Building such institutional capacity does not happen overnight nor through blueprint approaches, but
requires time and adaptive approaches.

MULTISTAKEHOLDER PLATFORMS
Coordination among actors is essential and may
require interventions for facilitation. Multistakeholder
platforms (MSPs), dialogues, and processes are gaining prominence as a means of achieving ILAs.25 MSPs
are sustained, intentionally created spaces to promote dialogue, deliberation, and collaborative action
among stakeholders — including civil society (especially communities), government, private sector,
and other relevant groups and organizations — who
stand to be meaningfully affected by landscape policies, or changes to resources or resource access.26
Through MSPs, stakeholders can take part in collaborations, negotiations, knowledge exchange, and
decision-making regarding the uses and governance
of landscapes. This space is especially important in contexts of high diversity of user groups and
common-pool resources within a landscape27 — for

example, where the more privileged groups can dominate, or in landscapes where forest users, watershed
users, pastoralists, and farmers may compete over
resources and land use. Effective MSPs recognize the
interests and contributions of diverse actors, including local communities, and provide coordination and
space for social learning. By creating this structure for
cooperation, MSPs foster information-sharing and collaboration among diverse stakeholders to influence
climate change policies and actions across multiple
governance levels.28 A recent study reports on six MSP
cases where landscape initiatives to protect ecosystem functions resulted in restoration improvements.29
More broadly, MSPs can help build an enabling policy
environment for climate change adaptation and mitigation policy.

DESIGN FOR INCLUSION
MSPs are not panaceas, however, and need to be
appropriately and effectively designed and implemented to support the coordination needed for
integrated landscape management. For local communities, the importance and likelihood of participation
in MSPs for resource management increases with their
dependence on the resources for their livelihoods.30
Too often, key groups are either excluded or not
interested in engaging, which can stymie an MSP.31
Stakeholders may not be willing to participate when
trust is lacking among the actors, or when they do not
perceive benefits to participation.32 Power inequalities can affect voice and participation. For example, a
water catchment MSP in Zimbabwe initially included
only large commercial farmers who were involved
in water policy reform processes; when smallholders from communal areas were finally invited, they
were surprised to find that they were now expected
to pay for water, and were not equipped with the skills
to negotiate. Recognizing and addressing power
inequalities and barriers to inclusion is key for effective
knowledge-sharing and dialogue.33
Procedural rules and facilitation strategies can
be set up to increase engagement and help mediate
power relations, such as consensus or rotational leadership of MSPs to empower all stakeholders through
the process.34 The “action resources” that actors
can utilize for participation and negotiation matter
in enabling effective participation. Action resources
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include information, technical knowledge, negotiation
skills, social networks and capital, money, authority, and the ability to form alliances, all of which give
actors agency and help strengthen their claims in
stakeholder engagement processes.35 Strengthening
communities’ capacity to participate by building on
their action resources is key for effective engagement.
For example, using communities’ customary ecological knowledge for planning, instead of relying only
on so-called “scientific” knowledge and models for
decision-making, can lead to greater equity in participation. It is also important to temper the role of

government actors, so that they provide legitimacy
and enable follow-up action without controlling the
process.

POLICY PRIORITIES
Climate change cannot be addressed by government
alone, or by individuals. Achieving the coordination
and incentive structure needed for widespread adoption of many mitigation and adaptation strategies such
as reducing deforestation, increasing vegetative cover,
and improving water availability requires integrated,

Box 2 MSP BENEFITS TO COMMUNITY AND SOCIETY:
BUILDING COLLABORATION IN INDIA
The Foundation for Ecological Security (FES), an Indian NGO, works with rural communities to restore common lands and improve
livelihoods through establishing and strengthening local institutions. FES also helps establish subdistrict-level multistakeholder
platforms (MSPs) to support effective landscape governance. These MSPs provide a space for intercommunity collaboration,
strengthening local voices, and building trust among stakeholders.
In Angul district in Odisha state, for example, forests provide village communities with ecosystem services that mitigate climate
change impacts and help communities adapt. These ecosystem services include food, fodder, and firewood, provision of inputs for
making agricultural tools and farm fences, soil and moisture retention, and regulation of hydrological and nutrient flows. Over the past
few decades, however, rapid industrialization and land fragmentation have caused biodiversity losses and acute water scarcity, with
severe impacts on the agriculture-based livelihoods of communities. Forest fires exacerbated by rising temperatures and irregular
rainfall have further increased the vulnerability of the region’s small and marginal farmers.
FES worked with village institutions in Angul to initiate the Krushak Mela (Farmers’ Fair) in 2005 as a multistakeholder platform to
promote dialogue among diverse stakeholders around the issues of conservation and livelihood improvement. Around 3,000 people
participate, including village communities, local leaders, government officials from different departments, civil society organizations,
political representatives from the region, ecologists, agriculture specialists, and microfinance institutions. Community members
showcase traditional seeds and crop varieties, new and climate-smart practices in agriculture, and other innovations. Government
representatives share information on programs available to farmers; and NGOs share information on best practices in land use
management and soil and moisture conservation.
Multiple benefits have emerged from this MSP. Collective initiatives were undertaken to strengthen local markets, thus improving
economic opportunities for the village communities. The MSP helped revive traditional adaptation practices such as seed exchanges.
Community members evolved rules to regulate open grazing, with a positive impact on biomass. The MSP also provided a platform for
cross-learning among farming communities, as well as opportunities to engage with external actors including government agencies
and the private sector for diversifying their livelihoods, and improved their access to entitlements, services, and government programs.
Over the years, the MSP has helped to bridge the communications and trust gap between community and government actors.
It also sparked conservation action plans across villages at a landscape level. This has addressed landscape-level challenges larger
than a single community, but still allows for sufficient interaction and connectedness to realities on the ground, and avoids high-level
“detached” planning.a FES is now taking into account the lessons from Angul and other MSPs throughout India in places where they
are working to scale up such initiatives, both working directly and through other NGOs or government programs.
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landscape-level approaches that actively involve multiple communities along with the government and
private sector. Investments need to be made not only
in physical infrastructure, but also in governance to
coordinate and incentivize people’s actions over the
long term.
Develop MSPs to build collective action on climate change. Generally, collective action is easier
and more effective within the social boundaries of
small villages. But the natural boundaries of resources
like forests and watersheds go beyond these social
and administrative boundaries, and management
on the larger landscape level is needed for natural resources that have interconnected biophysical
aspects and face interlinked socioeconomic pressures.36 While there is no single prescription to achieve
such collaboration, growing experience with MSPs
indicates that they can instigate conservation and governance action plans at a landscape level — clustered
around watersheds, forest patches, or rangelands.37
Developing effective MSPs often requires an investment of time and resources in facilitation to build
trust and a shared vision among actors, as well as in
strengthening community and government capacity
to engage meaningfully in landscape management.
Government policies can help provide the enabling
conditions for stakeholder engagement in landscape
management and promote landscape-level adoption
of climate-smart change.
Strengthen resource rights to support
long-term investments. Secure tenure is vital to
provide incentives for individuals, households, and
communities to invest in sustaining or improving
natural resources and ecosystem services. Policies
that strengthen recognition of these rights can thus
improve incentives for investment in sustainability. For
example, tenure reforms in Ethiopia and Rwanda have

been shown to increase local investment in tree planting and soil conservation,38 and a systematic review
of studies finds strong evidence of positive effects
from land tenure security on such environmentally
beneficial agricultural investments.39 But tenure policies need to be implemented in a socially inclusive
and equitable manner so that all social groups, including women as well as men, have incentives to invest.40
Moreover, increasing tenure security must include not
only individual rights but also collective rights over the
commons — shared natural resources such as forests,
rangelands, wetlands, and irrigation systems.
Devolve resource rights and management
responsibilities. Policies that devolve natural
resource rights and management responsibilities from
states to communities are particularly important in this
regard — by explicitly recognizing community rights
over such common resources, devolution can increase
tenure security. By shifting rights and responsibilities,
devolution policies can also encourage government
agencies to engage with communities in better ways;
instead of seeing the state as the “owner” or “custodian” of resources, devolution should encourage
government agencies to collaborate across sectoral
divisions and with communities as well as private
sector actors. However, this will require longer-term
processes to change mindsets and ways of working.
Faster action and more transformative changes are
needed for the achievement of SDGs and to confront
climate change. Engaging stakeholders through integrated landscape management has been shown to be
a key ingredient to the solutions and warrants greater
attention and investment by the development and conservation communities. It is time to shift the mindset
from technology-oriented solutions to people-centric
transformative changes.
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Nutrition and Climate Change
Shifting to Sustainable Healthy Diets
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KEY MESSAGES
■

Ensuring that everyone has access to — and consumes —
sustainable healthy diets is one of the most significant
challenges for today’s food systems.

•

Adoption of sustainable healthy diets will require
major changes in consumption patterns globally, with
changes varying by region and country.

■

Climate change and environmental and natural resource
constraints are putting enormous stress on food
systems. In turn, the way we produce, process, and move
food, and the global changes in diets toward greater
(often excessive) consumption of animal-source foods
and ultra-processed foods (UPFs) are contributing to
climate change.

•

Adaptation of a reference diet, if developed, will need
to accommodate different countries, contexts, and
population groups.

•

Affordability of these diets will need to be ensured;
current examples of potentially sustainable healthy
diets are unaffordable for a large proportion of the
population in LMICs, as are many nutritious foods.

■

■

The effects of climate change on food systems, diets,
nutrition, and health disproportionately impact
marginalized populations in low- and middle-income
countries (LMICs).
Shifting to sustainable healthy diets that protect
both human and planetary health will present several
challenges:

■

Achieving these goals will require the development and
implementation of policy packages in LMICs that include
multipronged, coherent, and mutually reinforcing
actions. Priority policy packages should include
consumer education approaches along with fiscal
measures and food environment policies. Examples of
priority actions could include:
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•

Education approaches to inform,
educate, nudge, and influence dietary
choices (public awareness campaigns,
nutrition counseling, mass media,
social media, and so on); promotion
of breastfeeding; and development
and updating of food-based dietary
guidelines.

•

Fiscal measures to discourage
consumption of unhealthy UPFs,
and/or incentives to retailers to
subsidize and boost consumption of
nutritious foods.

•

Food environment policies, including
food labeling and certification, and
regulation of marketing and promotion
of unhealthy foods to children to
enhance demand for healthy diets.

One of the most significant challenges for food systems today is ensuring that every individual has access
to — and consumes — sustainable healthy diets. These
are defined as nutritious, healthy (meaning they
help prevent disease), safe, affordable, and culturally acceptable diets that support optimal nutrition
and health and cause low environmental pressure
and impact.1 The food systems tasked with producing
these healthy diets are under significant stress due to
environmental and natural resource constraints, as well
as climate change.2 Moreover, the types and amounts
of foods we consume — and the way we produce, process, and move these foods — compromise the stability
and resilience of natural resources and biodiverse ecosystems and contribute to climate change.3
Both now and in the future, climate change is
expected to adversely affect diets, nutrition, and
health through impacts on the quantity, quality (nutrient content), diversity, safety, and affordability of
produced food.4 Production constraints, in turn, will
continue to cause the loss of livelihoods, income, and
food security for food producers, processors, and their
families and will jeopardize their diets, nutrition, and
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health.5 Combined with the impacts of climate change
on disease patterns, these effects will continue to disproportionately impact marginalized populations in
low- and middle-income countries (LMICs), including
those with the least access to resources and tools for
adaptation.6 Shifts toward healthy diets must therefore
focus on the dual goals of protecting and improving the nutrition and health of populations while also
meeting environmental goals in an equitable way.7
This chapter reviews current challenges in ensuring
sustainable healthy diets for all and identifies priority policy measures to achieve this goal, given current
trends in food demand and supply, the rapidly modernizing and resource-intensive state of food systems,
and the climate change crisis.

been positive, such as the increase in food supply
quantity and diversity and the rises in consumption of
fruits and vegetables (F&V) and animal-source foods
(ASF) (the latter of which is positive for populations in
LMICs as they increase their consumption from very
low levels to moderate amounts).10 Other changes,
however, are of great concern for health, nutrition, and
the environment, such as the shift from whole grains
to refined cereals, overconsumption of red meat as
incomes rise, and increased consumption of UPFs that
lead to excess intake of calories, saturated fats, salt,
and added sugars.11
Between 1990 and 2015, the global production of
ASF rose by more than 60 percent and global demand
increased by more than 40 kg per person per year.12
ASF demand rose in all regions (with the exception of
red meat consumption, which declined by 10 kg per
person per year in industrialized countries); but the
types of ASF and amounts consumed varied widely
(Table 1).13 These national consumption figures, however, obscure large inequalities in access within
countries, especially in LMICs: although consumption increased among wealthier populations, regular
access to ASF remained out of reach for marginalized groups, even the relatively small amounts of ASF
needed to meet their nutrient requirements.14
For F&V, the global supply does not align with current or future needs, which are based on the WHO

SHIFTING DIETARY PATTERNS, CLIMATE
CHANGE, AND ENVIRONMENT
CHANGES IN FOOD SUPPLY AND DEMAND
Over the past few decades, diets in LMICs have
changed as a result of rapid urbanization, rising
incomes, the increased participation of women in
the labor force and the related need for convenience
foods, and the modernization of food retail, including
the aggressive marketing of ultra-processed foods,8
snacks, and beverages (referred to collectively as
“UPFs” in this chapter).9 Some of these changes have

Table 1 Change in demand for animal-source foods, 1990–2020 (kg/person/year)
Region

Fish, Seafood

Eastern Asia
Southern Asia
Southeast Asia and Pacific
West Asia and North Africa
Sub-Saharan Africa

Milk

Eggs

Poultry

Red Meat

21.0

21.3

12.4

11.4

28.4

3.1

50.1

2.2

2.8

-1.5

18.1

10.0

3.9

10.5

7.7

3.3

29.7

1.1

9.5

5.5

-0.2

4.9

0.0

3.1

-0.4

Latin America

1.0

26.7

5.8

26.0

9.5

Industrialized Countries

0.8

17.7

0.6

15.4

-10.1

World

6.1

19.7

3.6

8.5

2.9

Change in kg/capita/yr (1990 – 2020)
-50.0

50.0

Source: M.T. Herrero, D. Mason-D’Croz, P.K. Thornton, et al., Livestock and Sustainable Food Systems — Status, Trends, and Priority Actions, UN Food Systems
Summit 2021 (Geneva: United Nations, 2021). Reproduced with permission of the publisher.
Note: All regional definitions use UN definitions.
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Figure 1 Sales of ultra-processed food (kg/capita), 2006–2024
a. By region
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minimum recommended consumption target of 400
grams per day.15 Consumption of F&V has risen globally over the past 40 years, but this increase primarily
occurred in high-income countries (HICs). In some
countries, particularly in sub-Saharan Africa, F&V consumption levels remain at the same low or declining
levels as 40 years ago.16
Euromonitor data on per capita sales of UPFs
show steady increases in all regions of the world since
2005 (Figure 1a). Sales have more than doubled in
LMICs, while still remaining at much lower levels than

in higher-income regions (Figure 1b). In LMICs, markets for these foods are growing rapidly because of
their long shelf life and hyper-palatability and the large
investments in commercial marketing.17

CHANGING DIETS AND ENVIRONMENTAL IMPACT
The way that foods are produced, including the
agroecological and farming system characteristics,
contribute to their environmental impacts.18 Figure 2,
which presents data on the environmental pressures of
different food groups for six environmental outcomes,

Figure 2 Environmental pressures from food groups: 2010 and a “business as usual” 2050 projection
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shows that each food group contributes to different environmental stresses. The figure demonstrates
that ASF production emits a significant amount of
greenhouse gas (GHG) emissions compared to other
food groups.19 However, GHG emissions vary widely
among ASF types, with meat, fish, and eggs contributing more than milk and cheese, and beef accounting
for more than four times the amount of emissions
from pork, chicken, or fish.20 Overall, plant-based
foods cause fewer adverse environmental impacts,
but staple food production has significant impacts on
environmental outcomes, largely because of the sheer
volume produced and the land needed to feed both
humans and animals. It should be further noted that
the environmental footprint of different foods, especially perishables such as ASF and plant foods, also
depends on farm management practices and off-farm
processes, including manufacturing, transport, processing, and waste disposal.21
The environmental impact of UPFs remains
understudied,22 but a recent review shows that
they are responsible for a significant amount of
food-production-related energy use, GHG emissions, land and water use, biodiversity loss, fertilizer
use, and food loss and waste.23 These impacts are
compounded by the extensive use of plastic in UPF
packaging and the production systems used for certain ingredients in these foods, such as sugar or oil
palm that are grown in monoculture or plantation-type
systems.24 An analysis of food purchases in Brazil
shows that overall diet-related GHG emissions and
land and water use increased by approximately
20 percent over the past 30 years. The increase in
environmental pressure was much larger for UPF purchases than for less processed foods, which showed
some reduction in environmental impact over time.25

THE CHALLENGES OF SHIFTING TO
SUSTAINABLE HEALTHY DIETS
Designing a sustainable healthy diet and implications for global dietary shifts. In addition to
proposing global targets for diets and the environment, the EAT-Lancet Commission recommended a
“Healthy Reference Diet” that includes an abundance
of F&V, diverse plant sources of protein and other
essential nutrients, low consumption of most ASF, and

limited amounts of refined cereals and UPFs.26 This
theoretical diet, if produced sustainably, is an example of a potential sustainable healthy diet that could
protect both human and planetary health. Using this
diet as a benchmark, the Commission shows that major
changes in consumption patterns would be required
to shift to sustainable healthy diets on a global level
and that the specific nature of the changes would vary
by region. The proposed global dietary shifts would
help prevent approximately 11 million premature adult
deaths per year and, if combined with sustainable
production practices and reductions in food loss and
waste, would allow food production to remain within
safe planetary boundaries.
Adapting the sustainable healthy reference diet
to different contexts and population groups.
Recommended intakes for the EAT-Lancet diet align
with energy and nutrient requirements for an average
adult man. Such a diet would be inadequate for population groups with increased nutrient requirements,
including pregnant and lactating women, infants,
young children, and adolescents as well as for populations in many LMICs who lack access to large-scale
food fortification or targeted supplementation.27
Without these complementary measures, plant-based
diets would likely be too low in micronutrients that
are either absent (such as B12), low, or less bioavailable (such as calcium, iron, and zinc) in plant foods. For
groups with increased needs, these diets would have
to be complemented with additional ASF or supplemented with lacking nutrients.28
Making sustainable healthy diets affordable for
all. The unaffordability of sustainable healthy diets,
especially for marginal and nutritionally vulnerable
populations, represents another major constraint. A
global analysis of the cost of the EAT-Lancet reference
diet, for example, shows that the cost exceeded the
total per capita household income for 1.6 billion people, mostly in sub-Saharan Africa and South Asia. On
average, the cost of the diet represented 89 percent of
mean income in low-income countries (LICs), as compared to 27.5 percent in HICs.29 Additional insights
come from an analysis of the relative caloric price
(RCP) of 21 food groups across 176 countries (compared to starchy staples).30 The findings show that
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F&Vs and ASF have the highest RCPs and the largest
variations across countries and regions, with higher
RCPs in LMICs than HICs. Results for milk and eggs
were particularly striking, with RCPs of 2.0 and 2.6
respectively in HICs and approximately 11 in LICs.
F&V and ASF tend to be costlier (per kcal) than staple
cereals or legumes, largely because of their perishability, seasonality (for most F&V), and food supply
constraints.31 Moreover, food prices will likely continue
increasing as a result of climate change, especially
the price of staple grains. Given that these foods are
the primary components of diets for humans and animals, rising prices will have secondary effects on the
price of ASF.32 By contrast, fats and oils, sugar, and
UPFs are universally low-cost options because of their
lower production costs and losses, ease of storage and
transport, and long shelf life.33

POLICY OPTIONS TO SHIFT CONSUMPTION
TOWARD SUSTAINABLE HEALTHY DIETS
Policies to shift consumption toward sustainable
healthy diets must focus on 1) increasing the availability, access, and affordability of nutritious foods;
2) discouraging excessive consumption of ASF (especially red and processed meat) and UPFs; and 3)
encouraging demand for nutritious foods and sustainable healthy diets. We identified five broad categories
of demand-side and food environment policy actions
that could be included in a comprehensive and coordinated policy package to promote sustainable healthy
diets,34 along with supply-side policies to stimulate
efficiency, sustainability, and equity in the production
of nutritious, safe, and affordable foods. These include
social protection policies to support marginalized
populations (see Chapter 6) and policies intended to
reduce food waste (see Chapter 11). This chapter concentrates on consumer-focused policies to stimulate
demand for sustainable healthy diets, fiscal policies
to address affordability constraints, and food environment policies to support consumers in making
healthier and more sustainable food choices.

INFORM, EDUCATE, AND GUIDE CONSUMERS
TO DEMAND SUSTAINABLE HEALTHY DIETS
Consumer information, education, awareness creation,
and guidance should be included in all comprehensive
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strategies that aim to shift consumer demand toward
healthier and more sustainable dietary choices. These
approaches are particularly important for nutritious
foods that have relatively low income or price elasticities,35 including F&V, legumes, nuts, and whole
grains.36 Approaches used to inform, educate, nudge,
and influence dietary choices include public awareness campaigns, behavior change communication,
mass media, “edutainment,”37 social media, mobile
nutrition and health services, cooking demonstrations
and classes, and school-based nutrition education.
Evidence from LMICs and rigorous evaluations of
these approaches is limited, however.38 An exception
is breastfeeding promotion, an intervention known
to improve breastfeeding practices in LMICs.39 This
“win-win,” double-duty action addresses multiple
forms of malnutrition and conveys numerous benefits
for mother and child,40 while also being more environmentally friendly than breastmilk substitutes.41 Some
evidence shows that nutrition education approaches
may be more effective when combined with other
complementary strategies, including policies to relieve
income and affordability constraints (such as social
protection programs) and food environment policies
to stimulate demand for sustainable healthy diets.42
National food-based dietary guidelines (FBDGs)
are a key policy instrument used by countries to
translate global evidence on healthy (and sustainable) diets into practical, culturally appropriate, and
context/population-specific recommendations.43 A
recent review of the 90 FBDGs available worldwide
(with only 7 from African countries) showed that while
most emphasized the consumption of nutritious food
groups and the need to limit salt, sugar, and fat intake,
very few included considerations for environmental
sustainability. More work is needed to support LMICs
in developing context/population-specific FBDGs that
are quantified (for example, including upper limits for
the consumption of unhealthy foods/ingredients) and
optimize achievement of sustainable healthy diets.
These guidelines must consider the country’s state of
food fortification and the unique needs of different
population subgroups (depending on age, gender,
physiological status, and activity levels).44 School-age
children and adolescents should be prioritized, given
the importance of establishing habits and preferences
for healthy eating and lifestyles early in life.
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STIMULATE DEMAND FOR NUTRITIOUS
FOODS OR DISCOURAGE CONSUMPTION OF
UPFs OR HIGH-GHG-EMISSION FOODS

MAKE FOOD ENVIRONMENTS MORE SUPPORTIVE
OF HEALTHY AND SUSTAINABLE FOOD CHOICES

Fiscal policies targeted to the retail sector can
increase affordability and stimulate demand for nutritious foods. These policies include subsidies and the
removal of taxes, which facilitate consistent access to
affordable nutritious foods by encouraging the retail
sector to supply, promote, and reduce the price of
these foods in food environments. Experience suggests that fiscal measures can effectively change
behavior related to both the purchase and consumption of targeted nutritious foods, although much of the
evidence comes from simulation studies and upper
middle- and high-income countries.45 In Chile, a modeling study concluded that combined fiscal policies,
which included taxing less nutritious foods and removing taxes on F&V, would have the most impact on
promoting healthier diets.46
Fiscal policies have been extensively used to
reduce the consumption of unhealthy foods, especially
UPFs,47 with up to 40 countries having implemented
a tax on sugar-sweetened beverages by the end of
2020.48 Overall, the evidence on unhealthy food and
drink taxes has shown decreases in purchases of these
foods.49 There is less experience with implementing taxes on high-GHG-emission foods, but modeling
evidence suggests that both health and the environment could significantly benefit if the price of red and
processed meat included the health-related costs to
society of consuming these foods.50 Findings from a
simulation exercise that added a tax to high-emission
food commodities (such as red and processed meat)
in HICs and applied those tax revenues to health promotion showed that doing so could avert the negative
health and climate impacts disproportionately affecting marginalized populations.51 A modeling study
of the European Union diet also demonstrated that
food group–specific taxes can be effective in reaching
nutrition and environmental goals, but high (possibly
unrealistic) tax increases would be needed to meaningfully shift consumption toward less ASF and UPFs
and more F&V.52

Food labeling and certification can also support consumers in making healthy, sustainable food choices.
In contrast to most HICs, the labeling of packaged
foods is not mandatory in LMICs, except for some Latin
American countries.53 As a prime example of such
a policy, Chile established a black front-of-package
warning to identify foods high in energy and added
salt, sugar, or saturated fats.54 This policy was part of a
comprehensive set of regulations that included school
bans and marketing controls, including prohibition
of cartoons or similar kid-friendly logos on breakfast
cereals, over several years. These regulations helped
to significantly reduce the exposure of children and
adolescents to such advertisements (44 percent and
58 percent, respectively),55 and several Latin American
countries followed Chile’s example, possibly leading to a broader positive impact on the whole region.
In some meta-analyses and systematic reviews, food
labeling was shown to reduce energy and total fat
intake and increase vegetable consumption among
consumers in HICs.56 Labeling was shown to convey other benefits as well, such as a positive industry
response to product reformulation that resulted in
reductions in sodium (8.9 percent) and trans fatty
acid (64.3 percent) content.57 While labeling policies appear promising, designing and implementing
them in LMICs will require robust commitments, time,
efforts, and funding, as well as major adaptations to
ensure that labels are tailored to literacy levels and cultural factors in these countries.
Nascent efforts to establish and legislate certifications and carbon footprint labels focus on consumers
in HICs, with the goal of increasing literacy and awareness of the environmental sustainability of different
food commodities. Reviews suggest that more educated, wealthier consumers are more likely to have a
positive attitude toward carbon footprint labels and
be willing to pay more for foods identified as being
sustainably produced.58 Recommendations include
designing friendlier label systems for carbon footprints
and avoiding over-labeling (for example, on different
food characteristics or targets).
Governments can regulate the marketing of UPFs
to children by banning or limiting advertising of these
foods on media platforms or by limiting sales in and
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around schools.59 Evidence suggests that mandatory bans are more effective than self-regulation at
reducing children’s exposure to the advertisement of
foods high in fat, salt, and sugar.60 As with food labeling, marketing restrictions may spur efforts by private
companies to reformulate UPFs and reduce unhealthy,
unsustainable ingredients and foods.61 Currently, however, only 16 countries have regulations in place to
ban the marketing of UPFs to children through media
or schools.

SETTING PRIORITIES
Evidence is accumulating on the range of policy
options to stimulate demand for sustainable healthy
diets. To achieve both the sustainability and health
outcomes of the world’s diets, there is an urgent need
to develop and implement policy packages in LMICs
that include multipronged, coherent, and mutually
reinforcing actions. But there is also a need to prioritize. Priority policy packages to generate demand
for sustainable healthy diets should include, at a minimum, consumer education approaches along with
fiscal measures and food environment policies that
support positive changes.
Education measures should start with aggressive breastfeeding promotion as a “win-win” solution
for both maternal and child health and for the environment. FBDGs in LMICs should be prioritized and
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updated regularly to incorporate environmental sustainability considerations and to align with the 21st
century challenges of rapidly changing diets and nutrition and disease risk profiles.
Fiscal measures should be adapted and rigorously
tested in a greater number of LMICs to document their
impacts on discouraging consumption of unhealthy
UPFs or on boosting consumption of nutritious foods
by incentivizing retailers to subsidize these foods. For
the latter, fiscal measures should be paired with behavior change communication, especially for foods with
low income or price elasticity (such as F&V, legumes,
and nuts).
Similarly, there is a need to continue testing and
adapting innovations in food environment policies
(such as labeling, promotion, and marketing) in LMIC
contexts and to document their usefulness in helping
consumers make healthy, sustainable dietary choices
and maintain them over their lifetime.
Renewed efforts are needed to reverse the rapid
deterioration of diets in LMICs and the related risks
for nutrition, health, and the environment. More attention and effort are required to implement innovative
and evidence-based demand-side policies, but these
also must be accompanied by supply-side policies to
reduce the loss and waste of nutritious and perishable
foods across supply chains and to ensure sustainable
agricultural production.
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Shifts toward healthy diets
must focus on the dual goals
of protecting and improving
the nutrition and health
of populations while also
meeting environmental goals
in an equitable way.

CHAPTER 9

Rural Clean Energy Access
Accelerating Climate Resilience
CLAUDIA RINGLER, ALEBACHEW AZEZEW BELETE, STEVEN
MATOME MATHETSA, AND STEFAN UHLENBROOK
Claudia Ringler is deputy director of the Environment and Production Technology Division,
International Food Policy Research Institute, Washington, DC. Alebachew Azezew Belete is a
senior energy researcher, Ministry of Water and Energy, Ethiopia. Steven Matome Mathetsa is a
senior scientist, Eskom Research, Testing and Development, Johannesburg. Stefan Uhlenbrook
is strategic program director, Water, Food and Ecosystems, International Water Management
Institute, Colombo.

KEY MESSAGES
■

Rural livelihoods in low- and middle-income countries
are doubly jeopardized by energy poverty and climate
change. Lack of access to affordable clean energy
reduces agricultural productivity, affects health
and nutrition outcomes, and adds to environmental
degradation, which in turn, further contributes to
climate change.

■

Reliable access to clean energy can protect rural
households against adverse climatic events and support
new off-farm economic opportunities. Accelerating a
rural clean energy transition will thus be key not only to
reducing climate change but also to improving rural lives
and livelihoods.

■

Existing rural lending mechanisms are often unsuitable
for the purchase of clean energy technologies, such as
photovoltaic solar panels.

Several actions can accelerate rural access to clean,
sustainable energy for all:
■

Identify locations where promising energy and water
sources and productive uses are in close proximity; this
can jointly support energy, water, and food security
without compromising ecosystem health.

■

Create an enabling environment for accelerated
clean energy development. This requires integrated
governance across the water-energy-food-environment
sectors, including institutions that can help identify
synergies or trade-offs with natural resources
and livelihoods and thus grow positive impacts. It
also requires equitable access to energy through
investments, incentives, and direct support for poor
farmers and entrepreneurs.
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■

Develop appropriate financial incentives
to expand dissemination of clean
energy technologies to underserved
rural populations, for example, credit
at lower interest rates linked to climate
mitigation and productive uses of clean
energy. Implementation of these financial
incentives will require capacity building
for both credit suppliers and smallholder
farmers.

■

Strengthen women’s agency in rural
clean energy systems. Women and men
experience energy and water poverty
differently, and energy technologies
are often aimed at men. Promoting
a women-centered clean energy
program can trigger multiple social,
economic, and environmental benefits in
rural communities.

Globally, the energy sector accounts for almost
three-quarters of total greenhouse gas (GHG) emissions1 and is thus responsible for the majority of
adverse climate change impacts on rural livelihoods,
including growing water, energy, and food insecurity
and environmental degradation. According to a recent
report from the Intergovernmental Panel on Climate
Change, annual investments of US$2.4 trillion (2010
dollars) in energy systems are needed to limit global
warming to 1.5°C.2 Such investments would support
decarbonizing the largest polluters and improving
energy efficiency. More and cheaper clean energy
technologies and greater energy efficiency are equally
critical for accelerating access to energy in underserved rural areas in ways that promote ecosystem
health and inclusivity.

COSTS OF ENERGY POVERTY
Rural livelihoods in low- and middle-income countries
are doubly jeopardized by climate change and energy
poverty. Climate change diminishes water resources
and thus reduces opportunities for food production
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and access to water for other uses. At the same time,
households that lack access to energy cannot pump
or otherwise access sufficient water for crops, animals,
and domestic use. Moreover, without cleaner and
more efficient energy sources, these households must
rely on fuelwood, crop residues, or cow dung for cooking, which degrades remaining forests and agricultural
landscapes and has negative health impacts. This can
result in a downward spiral of growing ecosystem degradation and vulnerability. Thus, water, energy, food
security, and environmental sustainability are closely
interlinked, and their interactions are experienced
most acutely in rural areas (Figure 1).
Energy poverty is widespread in rural areas. As of
2020, close to 600 million people in rural sub-Saharan

Africa and 170 million people in South Asia lacked
access to electricity; and many millions more suffered
from unreliable access. Even more people — 2.5 billion,
most of whom are in rural areas — do not have options
for clean cooking.3 In addition, the COVID-19 crisis
has further worsened energy poverty. Accelerating
a rural energy transition will thus be key not only
to reducing climate change but also to improving
rural livelihoods. Reliable clean energy, such as solar
power used for irrigation, can protect rural households against droughts and other adverse climatic
events. For example, the Dhundi solar cooperative
in Gujarat, India, allows farmers to sell back unused
solar power to the grid at a guaranteed price. This
constant source of risk-free income has incentivized

Figure 1 The linkages between rural energy access, water and food security, and ecosystem health
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farmers to conserve groundwater and allows them to
better weather drought and other adverse agricultural events.4 A study in Bihar in eastern India assessed
the impact of various drought-proofing programs on
agricultural productivity and farmer welfare. It found
that drought-relief programs and safety net programs
were ineffective, as were subsidies on diesel for irrigation, due to delays, uncertainties, and high transaction
costs. Solar-powered pump sets, however, were an
effective drought-proofing strategy that allowed farmers to maintain yields during drought conditions.5
Access to clean energy can also support new off-farm
economic opportunities in agro-processing and other
economic sectors that contribute to more diversified,
resilient rural livelihoods.6
The cost of energy poverty is considerable, both
for human and planetary health. Although its full
impacts in rural areas remain unknown,7 studies have
shown that lack of clean energy access hampers agricultural productivity and stunts agriculture sector
growth. It also stymies agribusiness growth; limits the
production, storage, and consumption of nutritious,
high-value foods; and places immense time burdens
on women, contributing to their disempowerment.8
Lack of access and use of clean energy also jeopardizes overall ecosystem health and biodiversity by
directly contributing to deforestation, land degradation, and GHG emissions. One of many such pathways
is through agriculture: lack of access to energy,
including clean energy, reduces agricultural productivity,9 while intensified agricultural systems lower
emissions.10
Several studies show direct links between lack of
electricity and poor health and nutrition outcomes.
The use of traditional fuels for cooking causes more
than 1.5 million deaths every year, mostly of women
and children. Moreover, women and children are also
often responsible for collecting fuel for cooking,11 a
time obligation that can deprive them of education
or income-generation opportunities. While research
on the linkages between energy access and nutrition
remains limited, a few salient findings are emerging.
A study in Nigeria looked at the relation between children’s nutrition outcomes and energy access. Using
nighttime light intensity as an indicator of electricity access and urbanization, the study showed that
nighttime light is a significant predictor of stunting

and chronic malnutrition (height-for-age z-scores
[HAZ]) for children under the age of five through
welfare impacts,12 even after controlling for other factors known to influence stunting. Likewise, in rural
Bangladesh, research found that electricity access
can improve children’s nutrition (using HAZ as the
indicator).13
At the same time, use of fossil and biomass fuels
rather than clean energy sources contributes directly
to climate change. Reliance on fossil-fuel-driven
pumps is a common response to clean energy poverty that contributes to climate change. In India, for
example, fossil-fuel driven groundwater irrigation
is estimated to account for 8 to 11 percent of total
national GHG emissions.14 On the other hand, increasing access to clean energy can increase agricultural
productivity — and also reduce deforestation and forest degradation, thus helping to preserve biodiversity
and even lessen zoonotic disease risk by reducing
interactions between wildlife and humans — without
adding to GHG emissions.15

CLEAN ENERGY INNOVATIONS
Clean energy innovations suitable for rural areas,
including farming and small enterprises, are becoming more readily available. One important innovation is
small-scale solar power technologies that can be used
to pump water for domestic uses and for irrigation,
which can support the production of high-value vegetables and fruits.16 New solar technologies can also
be used to cool poultry houses as well as milk containers for storage and transportation. These cold-chain
advances can improve productivity and food safety
and extend the shelf life of nutritionally dense and
high-value foods such as milk, eggs, and green leafy
vegetables, especially as temperatures are rising.17
For rural entrepreneurs, solar driers can improve
the quality and safety of harvested products, including fish and fruits. However, the upfront costs of solar
technologies remain too high for most smallholder
farmers, and rural lending is dominated by business
and finance models that are designed for the purchase
of seeds and fertilizers (which have lower costs and
quicker returns on investment), but are not suitable for
higher cost, longer-term investments in solar or other
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clean energy equipment by small farmers or business owners.
Decentralized or distributed renewable energy
(DRE) systems are another clean energy solution that
is increasingly available and suitable for rural areas.
These systems can provide locally generated electricity for farm production and drinking water systems.
They can also provide electricity for public buildings
such as medical facilities and schools. Microgrids can
integrate electricity inputs from multiple sources,
including solar photovoltaic panels, micro-hydropower
systems, and diesel generators. With proper integration of storage and load management, systems
operating at a local scale can power economic activities beyond the farm, substantially benefiting local
economies. Such systems, however, generally require
outside finance for initial establishment and creative
finance models to ensure sustainability.18

OPPORTUNITIES TO ACCELERATE CLEAN
ENERGY ACCESS IN RURAL AREAS
The costs of clean energy technologies have declined
substantially over the last two decades,19 but technology uptake has remained low in many rural areas that
would particularly benefit from better energy access.
In addition to substantial upfront investment costs,
weak supply chains and services, inadequate financing mechanisms and financing ecosystems, complex
technologies, and the high cost of borehole drilling
services have been identified as limiting uptake.20
Food production remains the primary rural livelihood activity in low- and middle-income countries,
and thus the most obvious entry point for the development of a thriving energy technology market. However,
for widespread adoption to occur, critical investments are needed to establish enabling frameworks
that can match potential users with appropriate water
and energy systems; to develop institutions across
the water-energy-food-environment sectors to ensure
that adverse environmental impacts are reduced or
avoided; to increase access and equity by developing
appropriate finance mechanisms that are accessible to smallholder farmers and small entrepreneurs;
and by strengthening women’s agency in clean rural
energy systems.
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To accelerate rural access to clean, sustainable
energy, we propose the following five steps:
Identify locations for productive uses that can
jointly support energy, water, and food security without compromising ecosystem health.
The identification of appropriate productive energy
uses in the agrifood sector, particularly in places where
promising energy and water sources and producers
and next users are in close proximity, can accelerate clean rural energy access. Various recent efforts
have focused on co-locating energy investments and
productive users, primarily irrigation operations or
agro-processing centers. To identify potential locations, the International Water Management Institute
(IWMI) has developed an online solar suitability tool21
using a GIS-based multi-criteria evaluation technique
that accounts for solar irradiation, slope, groundwater levels, aquifer productivity, groundwater storage,
groundwater sustainability, population, roads, and
travel time to markets. A study conducted by IFPRI
researchers analyzed the economic feasibility of solar
irrigation across Africa, considering cropping patterns,
costs of solar-powered pumps and alternative pumps,
and a set of biophysical factors. Groundwater-fed solar
irrigation was found to be cost-effective in southern
and central Africa, but less so in countries that subsidize diesel fuel (Angola, Nigeria, and Sudan). Solar
panels were also more economical than diesel pumps
for more water-intensive crops.22 Another study identified priority areas for on- and near-farm electricity
using geospatial analysis.23 And a study in Ethiopia
focused on the economic benefits from alternative
productive use investments, such as horticulture irrigation, grain milling, injera baking, milk cooling, bread
baking, and coffee washing — estimating a joint potential to generate $4 billion annually following electricity
rollout by 2025.24 Additional income would be generated from the purchase of mechanized equipment.
However, studies such as these are seldom incorporated into planning for energy systems, which tends
to focus narrowly on optimizing energy systems rather
than considering their impacts on rural livelihoods and
well-being.
Develop institutions across the
water-energy-food-environment sectors to
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strengthen synergies and reduce trade-offs.
Many countries continue to develop energy strategies
without considering potential synergies or trade-offs
with either natural resources, including water and
land, or other sectors and actors, such as food production. Single-sector strategies are likely to miss
important synergies and ignore trade-offs associated
even with cleaner energy technologies. This can lead
to unnecessary costs and environmental damage. For
example, the installation of large fields of solar panels
can compete with agricultural production areas or natural habitats, thus affecting food security, livelihoods,
and biodiversity. Similarly, unfettered development
of solar-powered irrigation can lead to overexploitation and degradation of groundwater resources.
With fuel-based technologies, fuel costs rise with the
amount pumped and thus create an incentive for water
conservation.25 For solar technologies, however, there
are no additional financial costs to pumping more
water — so well-designed strategies and strong institutions are needed to protect against unsustainable
water withdrawals and related environmental degradation.26 To address this, institutions that jointly consider
food, energy, water and environmental systems are
needed. The Niger Basin Authority in West Africa is
one example. The agency works directly with ministries of water, energy, agriculture, and environment in
its nine basin countries and is currently developing a
legal document to actively consider trade-offs across
these sectors for more effective implementation

of the Niger Basin Shared Vision for sustainable
development.27
Ensure equitable access to energy through
investments, incentives, and direct support. In
addition to minimizing environmental damages from
energy development, an enabling framework for
broadening clean energy access to poorer farmers
and entrepreneurs is needed. This is a tall order. Both
Ethiopia (Box 1) and South Africa (Box 2) have been
working toward accelerating clean energy access, with
mixed results.
Ethiopia aims to ensure energy access for all by
2025. Despite this ambitious goal and considerable
investment, more than half of Ethiopia’s population
still lacks access to reliable electricity, especially in
rural areas, which remain dependent on fuelwood
and kerosene. In South Africa, the Renewable Energy
Independent Power Producer Programme (REIPPP)28
allows private industries to produce clean electricity
for both non-grid and grid systems (including feed-in
of surplus energy generated). This has increased the
development of photovoltaic solar energy systems for
both individual and industrial use. Rural areas, however, lag behind in adopting these systems due to
lack of funding, inappropriate business models, rural
poverty, and a relative neglect of these areas. This is
a missed opportunity, given that South Africa’s rural
areas offer both abundant space and sunlight to generate and use solar power.

Box 1 THE CHALLENGES OF ACCELERATING ENERGY ACCESS IN ETHIOPIA
Most of Ethiopia’s 115 million people live in rural areas, where only 29 percent have access to electricity.a The country has one of
the lowest electricity consumption levels in the world, at just 80 kWh hours per capita, compared with 12,154 kWh in the United
States.b Although the government is implementing various programs and strategies to achieve universal electricity access and has
plans to become an important energy exporter, there are major challenges in extending access to rural areas. These include capacity,
technological, and economic limitations, underdeveloped rural infrastructure, poor information sharing, and political barriers. The
energy sector in the country lacks indigenous organizations that adapt international technologies or develop their own options for
use in more remote areas.c Moreover, heavy regulation of the sector has limited private investments in this capital-intensive sector.
Finally, transboundary political challenges linked to Ethiopia’s flagship energy project, the Grand Ethiopian Renaissance Dam (GERD),
have slowed other rural energy development projects.
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Box 2 SOUTH AFRICA’S ENERGY PROGRAMS
South Africa’s Integrated National Electrification Programme (INEP), launched in the post-apartheid era, increased electricity access
from 35 percent of the population in 1994 to approximately 88 percent by 2018.a The program, which includes free basic electricity
for poor households, has reduced rural households’ reliance on firewood and cow dung as energy sources. However, energy supply
has not kept pace with growing demand, leading to frequent supply interruptions or “loadshedding,” as parts of the electric grid
are temporarily shut off. The country is also grappling with the need to reduce dependence on fossil fuel technology as well as with
rising costs of electricity production.b One response has been the Renewable Energy Independent Power Producer Programme
(REIPPP), which supports the use of clean technology for both small- and large-scale rural-based activities, including food production,
postharvest processing, domestic water use, and water pumping for irrigation. However, poor farmers are unable to meet the
program’s requirements, slowing the expansion of rural clean energy. As a result, some rural communities have returned to using
wood and dung as domestic fuels.

Develop appropriate financial incentives for
underserved rural populations. In most rural
areas of low- and middle-income countries, finance
systems have not developed appropriate mechanisms
to support investment in clean energy technologies by smallholder farmers and small entrepreneurs.
Most credit facilities are designed for crop production — loans are small and require repayment within or
following a single growing season. Energy technologies such as solar-powered pumps require larger loans
and longer payback periods to be affordable by poor
farmers. Also, given the potential of these technologies to lower the risk of default due to climate shocks,
credit should be offered at lower rates. Few credit providers, however, have developed financial products
targeted at clean energy technologies for rural clients.
The development of appropriate financial incentives
will require capacity building for both suppliers and
smallholder farmers. Pay-as-you-go systems, where
users pay for use time rather than the solar system,
have become common for home solar systems, and
are now being piloted for smallholder irrigation systems as well. However, the high seasonal variability of
irrigation requires greater flexilibility than is needed
for home systems. A set of business models has been
proposed for solar pumps in Ethiopia, including an
outgrower or insurance scheme where agribusinesses
working with contract farmers develop flexible payment mechanisms or even provide the pump for free,
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if the cost could be recouped through increased
production. 29
Strengthen women’s agency in clean rural
energy systems. Women and men experience energy
and water poverty differently because of their different
assets and culturally and socially determined divisions
of labor. Women are most often responsible for securing both water and energy sources for domestic use,
affecting their availability for care work, income generation, and leisure.30 However, technologies to secure
access to water and energy for productive uses, such
as agriculture and livestock rearing, continue to be
aimed at male farmers. For example, most solar and
other mechanized irrigation pumps are managed by
men; this can contribute to women’s disempowerment
and lower incomes from the crops and livestock that
women manage.31 Depending on how energy, water,
and irrigation systems are designed, implemented,
and managed, women and men will benefit differently, with the burden on women potentially increasing
rather than decreasing. Thus, for rural energy technologies to achieve their full potential, women-centered
clean energy programs are needed. As an example,
the Self-Employed Women’s Association, a trade union
of women working in India’s informal sector, is running a solar irrigation pump program geared to its
farmer members. To overcome women’s key challenge
of upfront down payments for energy equipment, the
program facilitates separate loans for down payments
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sourced from a second bank; this not only increases
access by women farmers to this technology but
also reduces banks’ overall lending risks.32 Similarly,
GROOTS Kenya, a grassroots women’s organization,
developed a biogas program to support women members who could not afford the cost of electricity for
cooking in selected rural districts.

UNLOCKING THE BENEFITS
OF CLEAN ENERGY
Accelerating rural clean energy investments can
unlock access to water resources, increase food security, expand rural employment, increase incomes,

and build climate resilience by contributing to both
adaptation and mitigation. Reducing rural energy
poverty is also critical for social justice, human development, and planetary health. Despite growing
evidence of the synergistic role of energy strategies
in the water-energy-food-environment nexus, most
energy plans continue to be developed in siloes, and
therefore lead to sub-optimal outcomes. A stronger
focus on processes and institutions, as well as incentives for social inclusion could help accelerate access
and increase benefit streams and, importantly, reduce
environmental damage by supporting clean energy
access for all.
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KEY MESSAGES
■

New genome-editing (GEd) technologies, including
CRISPR-based tools designed to edit genes, will play
a critical role in addressing climate change adaptation
and mitigation in agriculture. GEd allows researchers to
rapidly develop climate-resilient and climate-adaptable
crop varieties tailored to low- and middle-income
countries (LMICs).

■

Pursuing pragmatic approaches that enable
convergence of GEd applications with ecologically and
environmentally sustainable production systems is a
prudent and valuable approach.

■

Public and private sectors in LMICs both have a role to
play in developing GEd products to address climate
change but will need a robust enabling environment to
support this development.

■

Functional and streamlined regulatory frameworks
are an important component of any robust enabling
environment to create and support incentives for

product development and deployment. Lessons learned
from earlier technologies will be critical to successfully
advancing GEd products through the process of
approval, transfer, and adoption.
■

Transparency across GEd research and development
(R&D), regulation, and deployment will be essential
to ensure social “buy-in” from a broad range of
stakeholders. Achieving buy-in will require more
comprehensive assessment methods to build evidence
on GEd tools, as well as the prioritization of strategic
communication and outreach.

■

Start-ups and small and medium enterprises (SMEs)
can help drive the democratization of GEd in LMICs, as
they have been more agile in implementing GEd R&D
processes. Partnerships that enable technology transfers
or even generate spin-offs or SMEs are a promising
strategy to rapidly deliver new climate-resilient
applications for LMICs.
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■

GEd crops can help small farmers —
including women and youth farmers,
indigenous people, and other
vulnerable groups — to increase farm
productivity and adapt to climate
change. Understanding the needs
and preferences of farmers, including
gendered needs, for different crop
traits, delivery methods, and extension
services is essential to the successful
development and deployment of GEd
products.

As growing populations, changing diets, and climate change affect growing conditions for crops,
our agriculture and food systems must increase production and productivity to ensure access to healthy
and diverse diets for all. The expanding demands on
agriculture and food systems must be met without
increasing pressure on the environment, and while
accomplishing other development goals and objectives. Addressing this complex problem requires the
identification of game-changing interventions that
can drive sustainable, equitable agriculture for food
system transformation. “Bio-innovations” will be one
key set of interventions. Bio-innovations encompass
biotechnology-based tools and product innovations,
as well as innovations in their governance, regulation,
and social and business contexts. They hold potential
to contribute to food system transformation by accelerating productivity growth and reducing agriculture’s
environmental footprint, as well as contributing to climate change adaptation and mitigation.1
Within the portfolio of potential bio-innovations,
this chapter focuses on second-generation biotechnologies, specifically genome-editing (GEd) tools and
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the products developed through their use. We group
GEd tools and products together under the term “GEd
applications,” which includes newer genome-editing
tools among other applications (Box 1). To date, however, the global experience with bio-innovation tools
has almost exclusively been with first-generation
applications, including genetically modified organisms (GMOs). This experience will likely offer lessons
for newer GEd applications that are soon to enter the
market and can inform the present discussion around
their innovations and their commercialization, governance, and social acceptance. Our discussion focuses
exclusively on crops, although it is also relevant for
genome-edited animals, microorganisms, and industrial and pharmaceutical applications.
GEd is a revolutionary and disruptive technology
for crop improvement.2 Its applications can effectively unlock existing genetic value by introducing new
traits into crops, while reducing the time necessary
to develop new varieties. In the case of maize, time

needed to deliver hybrids can be cut by as much as
half, assuming that regulatory scrutiny is streamlined
(for example, CIMMYT’s maize lethal necrosis–resistant project using GEd3). Furthermore, this technology
enables researchers to improve crops that have been
difficult to enhance with conventional tools, including
crops of interest to low- and middle-income countries
(LMICs) like cassava, bananas, and sweet potatoes.
GEd applications can be particularly important
for climate change mitigation and adaptation. These
crops can be engineered to increase productivity,
thereby reducing the amount of land needed for agriculture and thus reducing GHG emissions. Introduced
traits can also improve crop resilience and nutrition,
reduce pesticide and fertilizer runoff and leaching, and
enhance soil health, all contributing to climate change
mitigation.4 GEd crop applications can also support
adaptation to unexpected changes in environmental
factors, including precipitation, temperature, extreme
climatic events, and increased pest and disease

Box 1 DEFINITIONS
The two distinct terms “gene editing” and “genome editing” are currently used almost interchangeably in the regulatory and popular
science literature, with the supposition that they mean the same thing. In molecular biology, however, these two concepts have very
different definitions, denoting distinct and increasingly complex levels of genetic structure in an organism. There are three genetic
structure levels: gene, genome, and epigenome.
The gene is a basic unit of genetic information. The genome is the complete set of genetic information, including all genes
present in an organism, which provides all the information that the organism requires to function. This includes regulatory sequences
that operate like “on” or “off” switches. The epigenome is an even higher level of genetic structure or expression, which involves
chemical modifications to the DNA and proteins that regulate the expression of genes within the genome. The three genetic structure
levels give rise to gene, genome, and epigenomic editing processes. Gene and genome editing are now entering the product pipeline,
and epigenomic editing will enter this pipeline soon.
The first-generation tools of genetic engineering randomly insert genetic material or genes from different or the same species
into a host genome, resulting in transgenic or cisgenic organisms, respectively. These are also known as genetically modified
organisms (GMOs). In contrast, second-generation tools such as CRISPR allow a more precise type of genetic engineering in which a
gene or regulatory sequence can be identified and located at a specific site of an organism’s genome. This gene or regulatory sequence
can be silenced, deleted, modified, or replaced. These techniques are also known in some places as new plant breeding techniques
(NPBTs) or precision genetic technologies.

Note: For formal definitions of gene, genome, and epigenome, see P. Portin and A. Wilkins, “The Evolving Definition of the Term
‘Gene,’” Genetics 205, 4 (2017): 1353–1364; D. Goldman and L.F. Landweber, “What Is a Genome?” PLoS Genetics 12, 7 (2016): e1006181;
and M. Ridley, Genome (New York: Harper Perennial, 2006).
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incidence. Examples of GEd plants include drought- or
salt-resistant crops, which result in fewer crop losses
and less yield deterioration.5
As a result of their greater precision, ease of use,
efficiency, and productivity,6 these applications are the
most promising bio-innovation available to foster food
system transformation that addresses climate change,
food security, nutrition, and livelihoods in LMICs.
From the standpoint of achieving several goals and
objectives, pragmatic approaches that use multiple
approaches and applications — combining sustainable ecological approaches with genetically improved
seeds — can be effective.7 Applying such approaches
to GEd in a broader context appears to be prudent.
In addition to the R&D investments necessary
to use GEd tools and create new products (see
Chapter 4), context-appropriate policies, regulatory frameworks, and programs will also be needed
to create an enabling environment for the creation,
assessment, and adoption of GEd applications.8 This
enabling environment will be particularly critical for
the inclusion of vulnerable groups, particularly smallholders, women farmers, and other marginalized
populations in LMICs, who often have limited access to
new agricultural technologies and related knowledge.9
Policy, regulatory, and other governance actions must
facilitate widespread adoption and ensure equitable access to appropriate, beneficial, and safe GEd
applications.
Agricultural innovations and technology adoption are not without cost. There can be “winners”
and “losers” among both technology “adopters” and
“non-adopters.” However, technology use or consumption outcomes may be hard to predict.10 Adoption
processes can have unintended outcomes and their
temporal and dynamic nature may induce both positive and negative impacts, creating unforeseen
trade-offs.
To address this uncertainty, researchers have
proposed an approach for proactively identifying
potential exclusionary and other negative effects
emerging from the adoption of transformational
technology applications.11 This approach includes promoting alternatives to mitigate negative effects, while
ensuring compliance with responsible innovation pathways as much as possible. All potential outcomes are
considered, such as the impact of farmers not having

access to a technology that could address food security and environmental impacts from climate change.
Furthermore, as GEd technologies become easier and cheaper to use, and democratized through
widespread use for everyone, the dependence on
multinational companies for seeds and pesticides
will decline significantly, and risks related to climate
change and production can be addressed with safer
GEd products.
Within the scientific and regulatory community,
consensus is growing that, in principle, newer GEd
applications are safer for use than first-generation
bio-innovations and even conventional plant breeding.12 This consensus is based on evidence from GEd
products that contain only small genetic changes,
which are indistinguishable from changes that could
be found in nature or created through conventional
breeding methods. Compared with first-generation
techniques, all second-generation GEd tools allow
for targeted changes and greater control over where
these changes occur in the genome. This improved
precision suggests that new GEd tools are now safer,
as they pose less risk of generating unintended
changes in the genome13 — and therefore are likely to
require less regulatory scrutiny.
The enabling environment for GEd applications
continues to evolve. Regulatory processes have
focused only on gene-editing tools as yet, while the situation for other genome-editing applications remains
unclear everywhere. To date, no GEd crop products
have been commercially released in LMICs and very
few in high-income countries.14 This may change soon,
as several GEd products (specifically those based on
gene-editing tools) in the R&D and regulatory pipeline
are poised to enter the marketplace (Table 1).

PRIVATE AND PUBLIC SECTOR
ENGAGEMENT
The public sector has taken a strong leadership role
in developing GEd applications. Of the approximately
1,400 families of GEd-related patents and patent applications in agriculture, most have been submitted
by public sector entities, primarily state-sponsored
research institutes in China and public universities
and research centers in the United States.15 In LMICs,
public sector entities such as CGIAR and its Centers
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are showing increasing interest in GEd applications
(Table 1), and regional and national research organizations are now conducting R&D for GEd applications,
including research on maize, sorghum, rice, beans,
cassava, and fonio.
Public sector initiatives increasingly aim to develop
public–private and international collaborations that
enable the management of R&D, technology transfer, and product stewardship capacities necessary
to deliver GEd applications to producers. Recent
advances have improved access to and availability of
funds that prioritize regional or multilateral collaboration and integration of private or public–private
entities. For example, in Latin America, initiatives from
FONTAGRO and the Inter-American Development
Bank (IDB) are funding capacity building in GEd for
public research institutions, with South–South support
from public research institutes in Argentina, Brazil, and
Chile.16 However, the donor landscape is mixed. Some
donors have supported GMO application development, including Australia’s CSIRO, Japan’s JIRCA, the
Bill & Melinda Gates Foundation, and the US Agency
for International Development, providing limited
investments in GEd. Other donors, especially in the
European Union, have either decreased investments in
GMO applications or have not invested in GEd development at all.17
In the private sector, nimble start-ups are taking the
lead in advancing GEd applications.18 Multinational
corporations have attempted to keep up with the rapid
growth of GEd applications and to overcome lags in

capacity building by gradually acquiring start-ups that
have developed commercially viable applications.
The market potential of such acquisitions is attractive
to multinational corporations, but their market access
may be hampered by slow-moving regulatory processes, high costs of regulatory compliance, and their
lack of experience in negotiating complex GEd-related
regulatory processes across different jurisdictions.19
Where time and cost considerations are a serious
constraint, multinationals and other private sector
developers are likely to push forward only those GEd
applications with potential to become commercial
blockbusters.
Given the focus of GEd investments on commercially profitable applications, shifting attention
to agro-climatic- and region-specific varieties of
LMIC-appropriate crops is a challenge for public sector farmer-led plant improvement communities and
for some smaller private sector developers.20 Private
financing for such R&D will likely remain limited
because varieties tailored to LMIC agro-environments
often lack the economies of scale needed to generate
an attractive return for private investors. The emergence of local start-ups using GEd technologies for
LMIC crops also continues to lag due to the high initial
investments required in specialized R&D infrastructure
and other capacities. As a result, the development process in LMICs typically depends upon public systems
that also face significant financial and resource constraints for deployment acceleration, marketing, and
product stewardship.21

Table 1 CGIAR genome-editing bio-innovations to increase resilience to climate change impacts
TRAIT

In the R&D pipeline

Potential projects

Disease and insect resistance

bananas, cassava, rice, maize,
wheat, potato

cassava

Enhanced heat tolerance

potatoes

Enhanced input use and reduced GHG emissions

rice

Enhanced nutrition and quality and safety traits

cassava, cacao

beans, wheat, maize

Weed resistance

sorghum

Reduced postharvest loss

wheat

Source: Based on K. V. Pixley, J.B. Falck-Zepeda, R. Paarlberg, P.B. Phillips, I. Slamet-Loedin, K. Dhugga, H. Campos, and N. Gutterson, “Genome Edited
Crops for Improved Food Security of Smallholder Farmers,” Nature Genetics, forthcoming.
Note: Potential projects refer to those that are feasible with the current state of knowledge, application advancement, demand, and an appropriate funding
level.
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POLICY, REGULATORY, AND SOCIAL
LICENSE FRAMEWORKS
Science-based regulations and transparent regulatory
processes offer investment security for companies and
public sector entities developing GEd technologies
and can help deliver valuable and safe technologies to
producers in LMICs. GEd crops are likely to face some
of the same issues experienced by genetically modified (GM) crops in the approval, transfer, and adoption
processes, and in securing “social license,” that is, public acceptance of these processes and products.
Although safety and economic assessments and
regulatory decisions on GM crops have demonstrated
a history of safe and productive use for society,22
existing biosafety regulatory processes continue to
pursue a strict interpretation of the precautionary
approach embedded in the 2003 Cartagena Protocol
on Biosafety and the 1992 Convention on Biological
Diversity. This approach makes these processes both
costly and time-consuming. Such financial and time
costs may be prohibitive for small and medium enterprises (SMEs) and the public sector.23 In sum, these
national measures would likely hamper the deployment of GEd technologies and crops.24
Regulatory frameworks for GEd crops are gradually being developed through a mix of approaches.25
Countries with ample R&D and regulatory experience with GM technologies — including Argentina,
Brazil, Chile, Colombia, Honduras, Paraguay, Uruguay,
Australia, Canada, and the United States — will likely
regulate GEd crops that have no permanent presence of foreign DNA (that is, DNA coming from other
species) in the same way they regulate conventional
crops. China’s position on regulation remains a bit
unclear, although it has invested heavily in developing GEd applications26 and has recently announced
new GEd regulatory guidelines.27 The United Kingdom
and Japan have signaled their intent to consider regulating GEd crops with different safety assessment
processes than those required for GM crops under
the 2003 Cartagena Protocol. The European Union
and New Zealand have indicated in principle that GEd
applications will be regulated as GM. This regulatory
landscape is in flux and can be expected to change
over time.

The success of GEd applications depends not
only on science, R&D, and regulatory processes, but
also on societal “buy-in” by a broad set of actors.28
Establishing social license will require securing political support for innovation, ensuring and enhancing
public participation and transparency, and making communication and outreach an integral part of
the decision-making process. Some concerns can
be resolved by responding to consumer and special
interest groups’ questions about new technologies,
but certain segments of society may always remain
opposed to GEd products.
Nevertheless, building transparency, using the best
available evidence to address concerns, and communicating complex scientific concepts clearly to the
public can help build the credibility of regulatory and
decision-making processes and systems. Several comprehensive studies and reviews look at willingness
to pay or consume GM products, and others discuss
the role of science communications and actors.29 This
literature can help identify avenues to address and
secure social license. It should be noted, however, that
the ability of scientific and regulatory communities to
respond to some societal concerns in a robust manner may be constrained by the limitations of available
assessment methods.30

USING GEd TECHNOLOGIES TO ADDRESS
CLIMATE CHANGE AND FOOD INSECURITY
A portfolio of policy actions has the potential to create an enabling environment for the development and
deployment of safe, effective GEd applications that
benefit producers and consumers in LMICs. Providing
impetus for GEd applications will require: 1) enhancing innovation through capacity building, partnerships
and networking, and improved regulatory processes,
and 2) enhancing participation and inclusion through
farm-level adoption, the use of evidence and transparency to address concerns, and the consideration of
women’s knowledge and needs in designing programs
and selecting crops and traits.

ENHANCING INNOVATION AND
TECHNOLOGY DEVELOPMENT
Increase capacity for agricultural R&D and
entrepreneurship. Current R&D efforts must expand
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beyond crop productivity improvements to include the
development of stress-tolerant and climate-resilient
crops, which are critical for LMIC farmers, including
smallholders and women farmers, to safeguard and
improve food and nutrition security. Both public and
private sectors have a role to play in accomplishing this
goal, but capacity building and an enabling environment will also be required. By working together, public
and private sector actors can support the efficiency,
inclusiveness, innovation, resilience, and sustainability
of GEd applications.
Investing in human and infrastructure capacities can expand access to GEd applications while also
addressing the economies-of-scale effects that have
constrained work on LMIC crops.31 To ensure that high
regulatory costs do not impede the work of public
organizations or private SMEs and start-ups, support should be targeted to developing partnerships
between public and private institutions and entities
with existing technical, legal, management, and regulatory skills to address GEd issues. Partnerships that
foster broader public–private sector engagements
can also contribute to an enabling environment that
broadly promotes the development, transfer, and
adoption of GEd crops.
The process of “democratizing” GEd tools — that
is, making them available to SMEs and small organizations to create products that will be delivered to
producers — could be accelerated through the development of “bio-foundries” and technology incubators
that provide infrastructure and support in the early
stages of product development.32 By reducing initial investment requirements and accelerating R&D
processes, these incubators could launch a new generation of bio-entrepreneurs offering differentiated and
tailored products to targeted LMIC markets.
Capacity building or strengthening is also needed
in both the public and private sectors to support the
development of strategic approaches and policy
design of regulatory, intellectual property, and product stewardship frameworks. Capacity building can
facilitate commercial success by reducing barriers and
thus securing economic benefits, especially for new
companies and the public sector.33
Developing policies and management procedures
for intellectual property rights and benefit sharing
for public and small private research institutions is also
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critical, as well as investment in capacities to improve
all aspects of intellectual property management.
Building new partnerships can help to ensure firms
and organizations have the capacity to negotiate intellectual property rights and licenses for operating and
deploying technologies to farmers.34
Promote innovation through partnerships and
R&D networking. The development and deployment of GEd applications will benefit from an R&D
ecosystem that fosters inclusive and innovative R&D
approaches, linkages, and networking, as well as intercountry regulatory coordination and convergence in
LMICs. For example, start-ups are increasingly focusing their R&D efforts on fruit and vegetable products
of interest to LMICs.35 To ensure GEd applications are
approved in the countries where they are needed,
developers — especially start-ups and the public sector — require support for regulatory compliance. These
actors can use GEd networks to draw on the substantial experience accumulated by organizations and
countries related to regulatory issues and compliance, intellectual property, licensing, and preparation
of data necessary for assessment. For example, GEd
developers have been attracted to regulatory processes in countries like Colombia, Guatemala, and
Honduras that allow them to conduct safety assessment activities, such as field and performance trials.
The data generated can then be used in submissions to regulatory authorities in other countries,
which may open new markets in these countries for
GEd applications.
Support streamlined and innovative regulatory
processes. Functional and streamlined biosafety
review processes have been proposed and used in
several countries for GEd applications. These allow
the regulatory authority to undertake an initial technical review of a proposed gene-edited product to
determine how it should be evaluated. If a full biosafety regulatory assessment is not deemed necessary
based on the lack of a permanent presence of foreign
DNA, then the product proceeds through the standard national regulatory and registration processes for
conventional varieties.36 If the initial technical review
determines that the product is subject to a full assessment, then it follows GMO regulations.
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This feasible and streamlined regulatory approach
has led to significant progress in R&D and deployment of GEd applications. In some countries, clear and
precise regulations have allowed researchers from
universities and public research centers to develop
GEd applications. Since Argentina approved the use
of a feasible and streamlined regulatory approach
in 2015, crops generated by the public sector and
research centers using gene-editing have represented
59 percent of all applications using GEd tools, while
only 8 percent have been for older approaches such as
GM.37
The case of bananas resistant to Fusarium tropical
race 4 (TR4), an important fungal disease, demonstrates the need for streamlined approaches and for
capacity building and collaboration. The Fusarium TR4
fungus is most common in LMICs that have little capacity to develop or evaluate GEd applications to address
the disease. Bananas resistant to TR4 have been produced in developed countries where streamlined
approval processes have been adopted, but where
the disease is not present. Finding ways to connect
capacity and needs across countries and regions is the
logical next step for protecting banana crops and for
introducing other new GEd crops in LMICs.

ENHANCING PARTICIPATION AND INCLUSION
Promote farm-level adoption of GEd products.
Public policies, regulations, standards, and investments must support improved availability, access, and
affordability of high-quality seeds and traits for smallholder farmers, especially women farmers, given the
role they play in guaranteeing household food security.38 Creating inclusive seed systems will require
pragmatic reforms and investments in seed policy
harmonization, common standards, and certification
requirements to ensure their suitability to local social,
economic, and environmental contexts. Seed system
reforms and investments must also consider strategic interventions that support scalable, climate-smart
practices to achieve climate resilience and increase
productivity, as well as gender and social equity.
Women farmers, for instance, often have limited
access to quality seeds and planting material. Thus, a
gender lens is needed to understand women’s often
informal access to seeds and their preferences for different crop traits. Women tend to adopt improved

varieties of crops that are central to household food
security in quality and quantity, whereas men tend
to favor cash crops directed to the market. However,
women often cannot access these crops and planting materials due to their lack of purchasing power
and access to information. This behavior has been
shown for different crops in many regions, including improved cassava in the Caribbean and maize in
Central America and Mexico, among other places.39
Address consumer and other stakeholder concerns. Achieving social license, or “buy-in,” for GEd
applications from relevant stakeholders including
producers, consumers, decision-makers, and other
stakeholders will require both better evidence and
more strategic communication. More robust knowledge is needed about GEd applications themselves
and their potential societal impacts, as well as evidence on “what works” regarding policies, incentives,
property rights, and governance. To generate this evidence, integrated assessments will be needed across
multiple scales, including local, national, regional, and
global levels, and gaps in the impact assessment capability of LMICs must be addressed. Versatile, robust,
and easy-to-use analytical tools and big data can help
identify constraints to adopting new technologies and
distributing benefits. These tools can also improve
the understanding and inclusion of broader societal concerns such as gender, institutions, and rights in
technical and social change processes.
Strategic outreach and communication efforts
are also necessary for local and national buy-in, both
to address consumer and other stakeholders’ concerns and interests and to develop implementation
and delivery capacities to support country-led participatory and collaborative efforts for use of GEd
applications.40 As part of this, decision-makers must
consider the diverse interests of various stakeholders in their assessments of regulatory frameworks for
GEd applications.41 Effective communication also
depends on the transparency of R&D, regulatory
frameworks, and technology transfer processes. This
increased transparency can be achieved by helping build up actors’ empowerment and knowledge as
relevant stakeholders in broader efforts for building
value chains. Furthermore, capacity for assessing evidence on GEd applications must be increased. Both
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transparency and capacity will help with strategic
efforts to share knowledge and communicate through
multiple channels and media, which are crucial to facilitating GEd uptake.42
Promote inclusion. Improving technologies to meet
the needs of smallholders, including women farmers and other vulnerable groups, and increasing their
access to GEd applications will build resilience to climate change impacts and contribute to food security
and improved nutrition. All farmers should have access
to better GEd crop information and extension that
is tailored to their needs. Extension activities need
to consider local conditions, be accessible to differing levels of literacy (for example, by using pictures),
use local languages, and emphasize farmers’ local
knowledge. Messages should be realistic and present concrete examples of how GEd applications can
perform and solve real on-farm problems that are not
easily addressed through conventional plant breeding or pest control methods, such as integrated pest
management.
Participatory methodologies will be essential
to making GEd applications accessible and contextually appropriate for smallholder farmers.43
GEd applications developed using participatory
methods, especially those that seek to maximize
agro-biodiversity and match valuable seed use to specific contexts, can support the diversification of poor
people’s livelihoods. This approach is important to
pursue in LMICs, as seed suitability must be ensured
for highly diverse preferences and supply systems.
Well-known approaches such as farmer field schools
and farmer-to-farmer initiatives that include a variety
of stakeholders can also help breeders learn about
drivers of adoption and trait selection.44 The choice
of GEd applications for specific contexts will need
to be carefully considered and developed through
robust research evaluations. Using local knowledge
and networks will allow farmers to access appropriate
strategies that meet their needs and thus help ensure
socially beneficial outcomes.
Include women’s voices. Extension for GEd applications can facilitate the inclusion of women farmers.
Women are more likely to farm on marginal plots and
have less access to inputs such as fertilizers, quality
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seeds, and irrigation schemes. They are also more
likely to lack financing and information, which constrains their adoption of GEd crops. For example,
providing packages with small quantities of seeds has
been shown to stimulate the adoption of improved
varieties by women farmers in Africa45 and could be
effective in encouraging women to adopt GEd seeds.
This strategy may be attractive to the public sector,
local seed companies, and nongovernmental organizations to stimulate demand for GEd seeds and to
increase farmers’ access by making the technology
affordable.
Women’s voices should also be heard in the selection of GEd applications, that is crops and crop traits.
Women are most likely responsible for raising crops for
home consumption and sale in local markets. Often,
women’s time and labor constraints prevent them from
choosing the most profitable crop options, such as
cash crops including grains.46 Instead, the crops that
women often prioritize as quality home food sources
are otherwise neglected and underutilized. Enhancing
the capacity of public and private research institutions
to focus on these crops can increase access to nutritionally rich food sources, foster dietary diversity,47
and reduce micronutrient deficiencies, especially
among lactating women and young children.48
Women farmers must also be able to participate in
adopting GEd applications. To ensure their inclusion,
it will be important to reflect on women farmers’ leadership and issues that enhance or hinder rural women’s
access to new technologies. Using a gender lens can
improve the “menu” of crops to be improved and
contribute to a more inclusive redesign of the commercial agenda for both public and private sectors. To
improve understanding of how GEd crops can boost
food security and incomes, women must be empowered to access information about these crops through
advisory services, experiential learning strategies, and
women-centered extension education strategies. More
broadly, there is a need to focus on the development
and adoption of gender-responsive GEd applications.
To do this, women must also be included in exploring how genome editing is developed and regulated
within research institutions and political structures.
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CONCLUDING REMARKS
As GEd applications become more routine, we can
expect increased standardization of R&D tools and
procedures, expanded use of core development
tools, and growth in crop-specific development platforms to introduce valuable traits, even in crops with
little commercial promise. These developments, coupled with an acceleration of gene discovery processes
and improvement in genomic mapping techniques,
should speed the identification and deployment
of valuable crop traits. Expanding the use of GEd
tools will increase the need to adopt practical, effective assessment and regulatory frameworks, foster
social acceptance of GEd technologies, and provide
appropriate crop traits, extension, and support for
all farmers. Putting GEd applications to work will also
require broader economic, legal, and policy reforms
for agrifood value chains, many of which are discussed

in other chapters of this report. Most importantly,
both public and private sectors must work together
to develop an enabling environment that will allow
bio-innovation to flourish and contribute to well-being,
resilience, and climate change mitigation and adaptation. Systematic GEd landscape evaluations anticipate
an increased interest in GEd crops that are resistant to intractable diseases (fungi, bacteria, viruses),
and less interest in management of insect pests and
weeds, especially in Latin America. Therefore, during
this transition period, existing technologies and production practices that can address environmental
and food security concerns related to pest and weeds
will still play a role. This includes first-generation
bio-innovations, such as GMOs, and other products
that have a proven record of safety and value when
developed and used responsibly.
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KEY MESSAGES
■

Key nodes along food value chains, from crop
production patterns to consumption, will have to adapt
in response to climate change.

■

Higher temperatures and humidity resulting from climate
change will lower on-farm productivity and increase food
spoilage and contamination along food value chains,
with implications for food prices and nutrition.

■

Consumer demand for sustainably produced
products can create incentives for upstream change
in value chains, but can also jeopardize livelihoods of
poor farmers.

■

Climate change is a threat multiplier. Resource scarcity
and food insecurity can trigger grievances and conflict,
and further disrupt value chains, especially amid
widespread inequality.

Three action-ready solutions can begin to address climate
change impacts in food value chains:
■

Monitor the impacts of climate change, especially for
vulnerable populations. Governments must monitor
consumption, with particular attention to ensuring
poverty does not increase and diets do not deteriorate.

■

Create an enabling environment for cold chain
development. In the value chain midstream, cold chains
can reduce food loss and waste. However, growth of
private sector investment will depend on government
provision of adequate infrastructure.

■

Support simple, low-cost options to reduce aflatoxins.
At the local level, appropriate technologies to reduce
aflatoxin contamination are available for all farmers and
aggregators. Farmers will need government or NGO
assistance to understand their options for reducing
aflatoxin risks.
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Climate change will drive responses and adaptations
throughout agrifood systems. Changes in growing
conditions for many crops will alter agricultural production patterns. Along with these shifts in crop
production, rising temperatures, changes in humidity levels, and increased extreme weather will also
affect the value chains through which agricultural
products are traded, aggregated, processed, and
sold to consumers. This chapter illustrates how incentives for producers and other value chain actors will
change as climate change reduces the effectiveness
of inputs, such as herbicides and pesticides, increases
the risks of spoilage faced by middlemen and retailers, and potentially leads to increases in transaction
costs. Whole value chains may be affected from farmer
to consumer; for example, if international shipping
costs rise with increasing fuel costs, export-oriented
chains for select products in some countries may
become unprofitable and even disappear. Although
research has largely neglected the impacts of climate
change on value chains beyond the farm, one thing is
clear — many value chain actors along with farmers will
need to adapt to new realities, as they showed they

were capable of in the face of disruptions from the
COVID-19 pandemic.1

IMPLICATIONS OF CLIMATE CHANGE
FOR AGRIFOOD VALUE CHAINS
The potential impacts of climate change on key elements of agrifood value chains are illustrated in
Figure 1. Climate change can be expected to reshape
these value chains in three ways: through gradual
changes; through increased likelihood of shocks;
and through increased potential for conflict. While
crop production is most obviously affected by climate change, risks of postharvest losses will increase
and incentives for finance and insurance providers
will also change. Threats to livelihoods and food security increase the risk of civil strife and conflict, which
can disrupt whole value chains.2 Consumers may add
to the pressures for change across entire value chains
not only through changes in diets but also through
demand for sustainably produced products. All these
changes have implications for value chain actors from
smallholders to urban consumers.

FOOD VALUE CHAINS:INCREASING PRODUCTIVITY, SUSTAINABILITY, AND RESILIENCE TO CLIMATE CHANGE   101

Figure 1 Potential impacts of climate change on an agrifood value chains
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PRODUCTION CHANGES
Gradual changes in precipitation patterns, temperatures, and humidity levels in low- and middle-income
countries (LMICs) are expected to increase stress
on agricultural production systems.3 New climate
patterns will also affect weed growth, disease prevalence, and pest populations and potentially reduce
the efficacy of herbicides, pesticides, and integrated
pest management. In addition to changes in rainfall and humidity, the risk of extreme weather events
increases with climate change. These events can have
even larger effects, as they can affect production in
future years.4 Together, these factors can reduce the
maximum potential yields for crops, affecting their
economic viability. Depending upon resulting yields,
market conditions, and transaction costs within value
chains, crop production patterns may change dramatically.5 As a result, the downstream value chains that
follow crops, whether for domestic use or exports,
will need to adapt. For example, if it becomes too dry
to grow peanuts in Senegal’s “peanut basin,” farmers
may switch completely to growing millet and sorghum,
meaning peanut traders would need to adapt their
purchases and find buyers for these grains.

FOOD WASTE AND LOSS AND RELATED NUTRITION IMPACTS
Higher temperatures and humidity levels will increase
the risk of postharvest losses. For grains, greater
humidity could lengthen drying times, increasing
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the likelihood that they will be stored before properly dry and thus raising their susceptibility to pests
and contamination with aflatoxins or other molds.
Fruits, vegetables, and animal-source foods are usually
stored for shorter periods of time, but these perishable products begin to spoil more rapidly, and higher
temperatures will accelerate that process. Increased
loss of perishable products is particularly concerning
because these foods are the source of critical micronutrients that are already insufficient in the diets of
many LMIC populations (see Chapter 8).6 The effects
of climate change on food spoilage could make perishables and their associated micronutrients even
scarcer.7 While perishables can be dried or otherwise
processed to slow or stop spoilage, these techniques
can also lead to nutrient loss. In addition to increasing
scarcity of these foods, foodborne pathogens, like salmonella in animal-source products, will likely become
more prevalent.8
Recent work suggests that postharvest losses
already average around 14 percent of total potential harvests, but vary substantially by both crop and
region.9 As most of these estimates are for nonperishable crops, among perishable crops these losses
may be higher; few estimates are either survey-based
or account for reduced food quality.10 While spoilage
can occur in any of the value chain nodes beyond the
farm, risks are highest for traders and aggregators who
deliver crops in bulk to processors. For fresh foods,
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evidence suggests that losses are concentrated on
the farm and at the retail level.11 At the retail level, climate change could increase losses as informal markets
often lack infrastructure to cool perishables.12

FINANCE, INSURANCE, AND SERVICES
Financial service providers in agrifood systems can
be expected to change their behavior gradually in
response to changes in perceived risks both on the
farm and further along the value chain. While finance
and insurance companies may be able to adapt to
growing risks by simply adjusting their lending or
insurance terms, both aggregate investment funding and insurance available locally could decline.
Other firms along value chains may also change their
investment strategies, whether or not they depend
on availability of finance, which could likewise cause
cascading changes.13 For example, storage can be
affected; in Nigeria and other humid climates, maize is
susceptible to mold when stored before it is dry, and
with increasing humidity, traders are becoming more
averse to storing maize at all.14 In turn, financial instruments dependent upon storage (that is, warrantage)
become riskier, potentially reducing farmers’ access to
finance. And in value chains in which farmers depend
on finance for inputs, such as sugarcane or coffee
chains, reduced inputs would reduce yields and total
harvests in a region, thus reducing the returns to trading and processing those crops as well, which can lead
value chain actors to exit the market.

SMALLHOLDERS AND VULNERABLE POPULATIONS
Smallholders are likely to bear the brunt of climate
change impacts on value chains. Because it is inherently more complex to help a hundred small farms
adapt than one large farm, it will be more difficult and
costly to help smallholders adapt to gradual changes.
Even if governments are willing to help, remote smallholders are hard to reach and may be resistant to
adopting new practices, if these are perceived as
risky. In addition, smallholder access to credit or formal sources of insurance will be the first to be reduced
as uncertainty increases. This is particularly true for
female and minority value chain actors, whose access
to finance is already more constrained.15 Moreover,
if the risks of storing grain or other food products

increase, traders may also reduce the amount they are
willing to pay farmers.

CIVIL STRIFE AND CONFLICT
In places where the climate crisis sparks civil unrest
and conflict, further cascading effects on the functioning of value chains are likely. Evidence suggests that
natural resource scarcity and food insecurity can lead
to violence when exacerbated by climate impacts and
associated with other insecurities, such as poverty,
inequality, and overall sociopolitical fragility.16 Lower
agricultural productivity and natural resource scarcity
due to climate extremes and variability could reduce
food supply and quality, and lead to higher food prices
that would compound food and nutrition insecurities
among the poor and vulnerable, potentially sparking
protests, riots, or armed conflict in already fragile contexts.
In addition, economic shocks resulting from climate
change may lead to an increase in criminal activity or
other disruptive behavior that escalates challenges for
agrifood value chain actors, for example, by increasing risks of theft when transporting foods to, through,
or from conflict-affected areas.17 Climate-induced
tensions and conflicts may be most frequent where
there are large structural inequalities, characterized by
social and political marginalization and existing vulnerability.18 Such conflict risks can affect whole agrifood
value chains, not just individual nodes. Conflict can
thus intensify the damage to value chains. In response,
value chains must both adapt to climate change and
do so in a conflict-sensitive manner.

CONSUMER DEMAND
Consumer demand may shift as a result of climate
change concerns, as some well-informed consumers
will likely increase their demand for more sustainably
produced foods. If these shifts are large enough and
drive an increase in prices for these products, consumer demand can create incentives for producers
and processors to shift toward more environmentally
sustainable crops and technologies; however, there
are several challenges. First, consumers will want
assurance that the products they purchase are sustainably produced, thus increasing demand for traceability
and “process standards.” Process standards certify
the way that foods were produced; existing standards
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include certification for organically grown products
and other measures of environmental and social sustainability. At present, the products most commonly
certified under such standards are coffee and cocoa.19
If demand increases substantially, organizations that
provide certification, such as the Rainforest Alliance,
will need to increase capacity. Second, increased
demand for foods with sustainability certification
can lead to increased inequality by reducing market
options for poorer farmers who lack the resources to
meet the new standards.20 And if farmers expand their
production of certified products too quickly, it is likely
that they will need to sell a portion of the certified food
into uncertified markets at lower prices, affecting their
incentive to participate.21

ADAPTING AGRIFOOD VALUE CHAINS
Clearly, agrifood value chains must adapt to climate
change. Value chains offer less potential to help mitigate climate change, however. Despite the growing
complexity of some value chains, evidence on greenhouse gas emissions suggests that the value chain
steps between production and consumption — including processing and transporting agricultural products
to end markets — only account for 18–29 percent of
total emissions from agrifood systems, even for products traded over long distances.22 Since this range
represents a total over a wide range of products and
levels of value chain complexity, there are no easy fixes
for reducing those emissions. For example, research
suggests that “buy local” movements will not materially
reduce emissions, and instead might increase them, as
there are returns to scale in moving bulky agricultural
products.23 Even effective interventions to reduce
emissions between farms and retailers may have little
overall effect.
Though reorganizing downstream value chains to
reduce emissions may not be a cost-effective way to
mitigate climate change, other interventions could
help avoid deterioration of other important outcomes,
such as nutrition-related outcomes. Solutions are
clearly needed to assist smallholders, and particularly
women, in adapting to climate change and to changes
in the value chains into which they sell their crops.
In this section, we consider two potential solutions that can be initiated now, both of which require
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government intervention. First, we consider how governments and other stakeholders can act to prevent
climate-related food waste and loss that reduce food
security and nutrition. We focus on storage technologies that can reduce both postharvest losses and
greenhouse gas emissions, even if those reductions
cannot be measured at the macro level. Second, we
suggest how better monitoring can be used to help
government and the private sector identify problems along value chains, adapt value chains to climate
change, and ensure stability.

PREVENTING FOOD WASTE AND LOSS
Possible solutions to the problem of food spoilage differ by crop type. For perishable, micronutrient-rich
foods, greater availability of cold storage and cold
chains can maintain or even improve access to these
fresh foods by reducing spoilage. For a cold chain to
work properly, cold storage must be available at or
near the farm soon after harvest, refrigerated trucks
must be available to transport produce to larger cold
storage facilities or to retailers, and people who handle the food must be trained in proper handling
procedures. Cold chains are dependent on complementary infrastructure, particularly good roads
and reliable sources of electricity (see Chapter 9).
Some emerging cold chain technologies adaptable
to settings with little existing infrastructure include
solar-powered or electrically efficient cold rooms that
can be used in villages.27 However, prices for these
technologies will remain high so long as demand is
low, and demand is likely to remain low as long as producers do not perceive large income effects from
using such technologies.
Further along the chain, there is a need for companies that are able to invest in refrigerated trucks,
which in turn depends on adequate road infrastructure to ensure sufficient returns on private investment.
Without public investments in this necessary supporting infrastructure, private sector entrepreneurs will
not find investment in cold chain technologies attractive. However, given that the social benefits of such
investments extend well beyond the food system and
are likely to be quite high, government has an important role to play in providing the infrastructure to
foster cold chain development. The benefits of these
investments are evident in the growing economies of
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Southeast Asia, where strong road networks and rural
electrification preceded cold chain development that
has expanded the availability of perishable food products in markets.28
For grains and legumes, the major concern from
a health perspective is the growth of aflatoxins. More
widespread use of aflatoxin-reduction technologies could reduce losses and prevent an increase in
contamination. Several technologies, from simple
to complex, can reduce aflatoxins; the key is to use
those that are context appropriate, cost-effective, and
sustainable. For example, simple technologies, like
spreading tarps underneath crops that are drying in
fields, have been shown to cost effectively reduce aflatoxin levels.24 Hermetic bags are a second solution,
though trials have shown that while farmers are willing to use the bags if free, value chains for bags are
not well developed, so farmers have difficulty obtaining them post-trial, and therefore tend to stop using
them.25 Improved sales outlets for bags could help,
but it is not clear whether farmers would be willing
to pay for them. Solutions such as Aflasafe, a biocontrol product developed by the International Institute
for Tropical Agriculture, are also effective at reducing
aflatoxins but are expensive, and would likely require
specialized value chains to ensure the existence of
buyers for aflatoxin-safe grains before they could
be cost-effective.26 For smallholders, then, promoting the use of tarps spread underneath drying crops
would seem to be a cost-effective and already available solution.

ADDRESSING INSTABILITY AND CONFLICT
For these solutions to work, as well as many other
efforts to address climate change throughout the
food system, agrifood value chains and the wider
economy require stability and security. An integrated
approach to maintaining stability in the face of gradual
change and shocks requires both technical solutions to challenges, like those proposed above, and
“restorative” and “sustainable” solutions.29 Restorative
solutions enable stability by creating a common platform for dialogue. These collaborative dialogues aim
to understand the main causes of discontent arising
from climate impacts and to facilitate cooperation by
building trust and legitimacy.30 Sustainable solutions
address root causes of conflict and grievances through

collective-action approaches for institutionalizing joint
management systems. Such systems link local communities on an equal footing with public and private
decision-makers and work across multiple levels and
sectors (see Chapter 7 on landscape management).
The effectiveness of such solutions will depend
heavily on the context, on the structural drivers
of grievances, and on how effective monitoring
systems are in detecting disruptions occurring at different levels of the value chain. To help meet these
needs, CGIAR is developing a “Climate Security
Observatory” — a decision-support tool that will provide real-time or almost real-time scientific evidence
on how climate exacerbates existing social, economic,
and political risks and insecurities, including the
potential for conflict.

CONCLUSION
As our climate changes, agrifood value chains must
adapt to new cropping patterns and changes in investment and input needs. Governments must safeguard
against the risk of increasing food and nutrition insecurity, and agrifood value chains must be transformed
to address climate security concerns. In the short
term, policymakers can focus on ways to reduce food
loss and waste in value chains, particularly for perishables, to yield more food from their agrifood systems
and potentially to alleviate the local environmental
stress associated with food systems development. In
the medium term, investments in climate-smart infrastructure, including new roads and electrification to
support development of cold chains, will be important to safeguard food and nutrition security. To ensure
that civil strife and conflict are not fostered by climate
change, investments will be needed not only in monitoring but also in ensuring that smallholders and other
vulnerable value chain actors can adapt, and that both
diets and livelihoods are protected and improved.
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KEY MESSAGES
■

Digital innovations offer unprecedented potential
for managing climate risks across the entire agrifood
system — from producers to markets and value-chain
services to policymakers.

■

Farmers can benefit from localized weather information
services, digital extension services, and weather
index-based insurance schemes. Along food value
chains, internet-connected sensors can monitor food
quality and safety risks, while digital innovations in
insurance, credit, and banking can increase access to
risk-reducing services for all food system actors.

■

Innovations in weather and climate forecasting can
improve early warning systems and public and private
sector decision-making; climate information services
have great potential to save lives and reduce damages
from extreme weather events.

■

However, rural food production areas are underserved
by digital infrastructure. Hundreds of millions of small
farmers, especially in sub-Saharan Africa, do not have
mobile network coverage or internet access, and more
than 300 million cannot access digital climate advisory
services. Women, in particular, have limited access to
digital services.

Critical steps to take now include:
■

Invest to bridge the digital divide. Both private and
public investment are needed to address this gap. Given
low returns on investments in connectivity in rural areas,
policy incentives and public-private partnerships should
promote private investments that benefit vulnerable
populations and are inclusive of women.

■

Strengthen agrifood information systems.
Decision-makers often lack timely, reliable, and
actionable information. Research can help governments
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identify where better data can best
contribute to reducing climate impacts.
Digital technologies can provide
cost-effective real-time monitoring for
forecasting; and expansion of weather
stations can provide localized weather
data for farmers.
■

Cultivate digital capabilities to manage
climate risks. Strategic investments in
“soft” infrastructure — digital climate
services, advisory services, actionable
information for producers, private-public
partnerships for data production, and
equal access to financial services — can
all boost capacity to identify, manage,
and respond to climate risks.

Climate change and associated extreme weather
events directly impact the functioning and sustainability of food systems.1 The increasingly erratic onset
of seasonal rainfall and prolonged heat stress during
growing seasons are already causing crop losses.2 As
of late 2021, for example, Madagascar’s three successive seasonal droughts had put 1.35 million people at
risk of the world’s first climate-change-induced famine.3 In the United States, the number of days between
billion-dollar weather-related disasters has fallen from
more than 80 in the 1980s to just 18 in recent years.4
Without adequate preparation, these weather hazards
disrupt food supply chains by interrupting production and cause problems farther along these chains by
raising costs and prices of processing, storage, transport, retail, and consumption and reducing business
revenues.5

POTENTIAL OF DIGITAL INNOVATIONS
TO MANAGE CLIMATE RISKS
While global warming is a threat to food systems, there
are unprecedented opportunities for technological
solutions to contribute to climate change mitigation
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and adaptation in food production. Digital tools
already provide food producers with timely insights
and services that support improvements in agricultural productivity and profitability. Across low- and
middle-income countries (LMICs), the number of digital agricultural services (such as digital advisory
services, digital procurement, e-commerce, digital
finance, and smart farming services) increased rapidly
during the past decade, from 53 reported in 2009 to
713 in 2019, with beneficial impacts.6 In sub-Saharan
Africa, for example, meta-analysis studies show that
producers who adopted digital extension and financial
services increased their incomes by 20 to 40 percent7
and their adoption of recommended agrochemical
inputs by 22 percent.8 In Ethiopia, video-mediated
digital extension services reached wider audiences
and were more effective in increasing adoption of
improved technologies than conventional extension
approaches.9
Digital technologies can be a particularly powerful,
innovative tool for managing climate risks across food
systems — from producers to markets and value-chain
services to policymakers. As weather patterns become
more variable at the farm level,10 producers can use
digital technologies to access localized weather and
climate information services in order to optimize farm
management decisions, such as irrigation scheduling
and crop variety selection.11 Digital extension services help small-scale producers to communicate with
experts, who can diagnose farm-specific problems and
prescribe best-bet climate-smart practices.12 Weather
index-based crop and livestock insurance schemes,
which assess climate-induced losses remotely and provide payouts through digital financial services, offer
producers an increasingly important option for managing climate risk.13 By using data from mobile phones14
and satellite remote-sensing,15 these digitally enabled
insurance products can estimate agricultural losses
faster and at a lower cost and can make timely payouts
for losses.
All along food supply chains, the postharvest use
of internet-connected smart sensors, such as time
temperature indicators (TTIs) and tech-enabled traceability devices, allow value-chain actors to detect
potential food safety and quality issues (such as the
prolonged exposure of dairy products to high temperatures during transportation) and thus reduce
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health risks and postharvest losses.16 Digital innovations for value-chain services — financial services,
credit, and insurance — can reduce transaction costs,
address information asymmetries in traditional markets, and make crop insurance and digital finance
more affordable and inclusive.17 For public sector
agencies and government entities, real-time food
systems that monitor data collected, analyzed, and
disseminated using digital technologies can improve
early warning systems and help policymakers to make
informed decisions to prepare for and mitigate risks.18
Digital innovations in forecasting can support climate science with information on weather, climate
variability, and climate change, and can play a vital
role in supporting food system resilience to worsening weather extremes. For example, every month,
the European Centre for Medium-Range Weather
Forecasts releases a seven-month global forecast
of temperature and precipitation.19 These forecasts
use advances in Earth-system monitoring and prediction modeling capabilities to extend conventional
short-term weather forecasts (up to two weeks) to seasonal climate predictions. 20 Enhanced weather and
climate forecasting skills improve early detection and
warning systems for floods and droughts. With this
information, policymakers can prepare for disasters
and reduce damages by, for example, declaring emergencies early and getting resources where they are
likely to be needed in advance.21 Between 2000 and
2017, advances in flood early-warning systems were
estimated to have already helped to reduce global
flood-related human casualties by 45 percent and the
number of people affected by floods by 24 percent.22
Conservative estimates based on a meta-analysis of
global studies suggest that the benefit-cost ratio for
reliable climate information services is about 10 to 1,
with potential global benefits as high as US$30 billion
per year in increased agricultural productivity and
$2 billion per year in reduced asset losses.23

THE DIGITAL DIVIDE
The potential of digital innovation is clear, yet its
reach is far from universal. Evidence shows that farmers who own mobile phones, where available, are able
to reduce climate risk by communicating with community members to learn about potential climate
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shocks early, by sharing information on how to manage them, and by promoting social learning that
influences technology adoption.24 Yet rural food production areas, especially in the global South, are
underserved by the enabling digital infrastructure that
is key to connecting all agrifood system actors. More
than 600 million people still live outside of areas covered by mobile networks, two-thirds of whom are in
sub-Saharan Africa.25 Globally, fewer than 40 percent
of small farms are covered by mobile internet.26 Rural
areas in Africa are particularly underserved; only
6 percent of rural households have internet access,
compared to 28 percent of urban households, and
in sub-Saharan Africa, only 13 percent of small farmers have ever accessed a digital service.27 Overall,
mobile internet connectivity tends to perform poorly
in LMICs where the agriculture sector drives the economy (Figure 1a) or the majority of the population
lives in rural areas (Figure 1b). This creates a serious
challenge for initiatives to use digital innovations for
managing climate risks in agriculture. Slow progress

on electrification in LMICs further limits the affordability and coverage of digital technologies;28 moreover,
in sub-Saharan Africa, the number of people without access to electricity increased in 2020 because
of the COVID-19-related economic slowdown. More
than 300 million small-scale producers worldwide lack
access to digital climate advisory services because
of this gap in digital infrastructure.29 As a result,
unmanaged risks hinder producers’ adoption of other
improved technologies.30
Beyond the coverage gap of infrastructure, there
are also complex socio-technical dimensions of the
digital divide, particularly related to gender.31 Social
norms in many cultural contexts may hinder women’s
access to and use of technology, including mobile
phones.32 Across LMICs, women are 7 percent less
likely than men to own a mobile phone and 15 percent
less likely to use mobile internet.33 Moreover, evidence
suggests that the gender digital divide widens as technologies become more expensive and sophisticated.34
This inequality in connectivity can further undermine

Figure 1 Digital connection, agricultural GDP, and rural populations
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women’s access to digital solutions for managing climate risks in agrifood systems.

POLICY RECOMMENDATIONS
To unlock the potential of digital innovations equitably at scale, three critical areas require policymakers’
action and investment.

INVEST TO BRIDGE THE DIGITAL DIVIDE
The promise of digital technologies to help manage
climate-related risks for food systems cannot be fully
realized if inequalities in access to digital infrastructure, digital literacy, and the gender digital divide are
not addressed for all food systems actors. Recognizing
the critical role of digital infrastructure investment
for achieving economic growth, social development,
and climate action, the UN Sustainable Development
Goals (SDGs) included a target for the least-developed
countries to achieve universal and affordable internet
access by 2020 (SDG 9.C). However, this ambitious goal
with its accelerated timeline was not met. As of 2019,
21 percent of the population in the least-developed
countries was still not covered by mobile networks.35
Enabling policies that, for example, incentivize
people to adopt new technologies (such as public awareness campaigns, subsidies, and training
and education) and private sector actors to invest in
infrastructure (such as tax benefits) are needed to
address the digital divide.36 As research continues
to generate robust and granular evidence of digital
innovations’ positive impacts across agrifood systems, policymakers should support public investment
and create incentives for private sector entities to
invest in the expansion of digital infrastructure in rural
areas, prioritizing food production zones. The cost
of connecting all of Africa to the internet is estimated
at US$100 billion,37 which will only be feasible with
strong private sector involvement. However, the private sector is unlikely to invest in rural infrastructure
without incentives because the cost of deploying and
maintaining infrastructure in rural areas can be two to
five times the cost in urban areas, but generates only a
tenth of the revenue.38 Innovative financing models are
being explored to bridge connectivity gaps, including
governments agreeing to connect public sites (such
as schools and hospitals) and to provide citizens with
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subsidized “connectivity vouchers” to ensure sufficient
revenues for private investors.39 In the United States,
taxing the private sector actors that stand to benefit
the most from connectivity, such as digital advertisers, is being discussed as a potential source of funds
to close the digital divide.40 In addition, research
is needed to assess the economywide benefits of
simultaneous investment in digital infrastructure and
electrification and their potential synergistic impact on
achieving SDGs.
Policymakers should also prioritize regulations on
responsible data management (including who owns
the data and how they are used) and enabling environments that ensure equitable access to technologies
and services — while being mindful of the potential unintended consequences of investing in digital
innovations for women and other vulnerable groups.
Women can make important contributions toward
climate-resilient food systems, adopting climate-smart
practices in their livelihood and household roles (for
example, climate-sensitive livestock feeding practices,
improved grain storage, and better food processing
practices) if they have the same means and access to
information as male farmers.41 For example, a study
in Africa showed that female farmers can contribute
more to lowering aflatoxin risks, which are increasing
with climate change.42 To bridge the digital gender
gap, the U.S. Agency for International Development’s
WomenConnect Challenge (WCC) program invested
in 12 digital solutions designed specifically to improve
women’s access to digital technologies. These include
a safe virtual space for peer-to-peer education, an
online information delivery service specifically for
women, and a digital literacy training program.43 To
promote women’s equitable access to credit, another
WCC pilot in the Dominican Republic developed a new
credit-scoring model designed for women, and found
that 93 percent of women secured more credit with
this model than the conventional model.44

STRENGTHEN AGRIFOOD INFORMATION
SYSTEMS FOR TIMELY DECISION-MAKING
The concept of a food system emphasizes the complex connectivity and interdependence of activities,
actors, and institutions across food, ecology, economy, and society required to achieve a sustainable
state of food security.45 Similarly, the concept of
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climate-resilient agrifood systems encompasses
the dynamic interactions among different policy
areas — connecting agricultural policies with environmental, health, and socioeconomic outcomes under
a changing climate. Due to this complexity, there are
substantial information gaps across agrifood systems,
and decision-makers often lack access to timely, reliable, and actionable information for making informed
decisions.46 Without appropriate data and information readily accessible when and where needed,
decision-makers cannot detect potential risks early
(such as climate variability and associated pest infestations and food price hikes in markets) or implement
preparatory measures to manage risks systematically, leaving countries vulnerable to climate shocks.
Reliable baseline data is equally important for understanding how agrifood systems perform and where
the priority areas are; without this information, estimates of climate impacts before and after shocks can
be unreliable.
Weak information systems can lead to misguided
investments and wasted budgets,47 slow economic
growth,48 and cause other unintended consequences
to agrifood systems. In Zambia during the 2015/16 El
Niño event, for example, the government introduced
a precautionary export ban during the maize growing season out of concern that drought would limit the
food supply. However, the late onset of rains actually
increased average yields in Zambia’s northern region.
This information did not reach the policymakers in a
timely way, so the export ban was left in place, resulting in lower domestic maize prices and a substantial
increase in poverty among net maize sellers.49
Identifying the most critical information gaps is
important, given the complexity of developing and
maintaining holistic information systems that cover all
aspects of agrifood systems, a challenge compounded
by the urgency of threats from climate change. Rather
than striving to fill all the data gaps across agrifood
systems, digital innovations and research can help
governments to identify where better data can best
contribute to reducing climate impacts and strategize to address these priority areas. For example,
Johns Hopkins University and the Global Alliance for
Improved Nutrition (GAIN) recently launched the Food
Systems Dashboard.50 The Dashboard is designed to
provide food-system-wide baseline indicators globally

in a coherent data visualization framework that emphasizes the interconnections across multiple food system
sectors. It also highlights where data are limited or
outdated, notably on diets, food consumption, and
subnational disaggregated data. However, the dashboard does not yet capture interactions among key
components of the food system.
Especially in the context of climate adaptation, digital technologies can be cost-effective for capturing
timely data, analyzing complex interactions, and generating insights on the functioning of food systems.
Digital platforms can support the development of
improved statistical systems that capture the dynamics of interactions among components of the food
system as well as shocks threatening its resilience.51
Real-time monitoring of food, water, and land systems is increasingly possible — at a lower cost and with
greater accuracy than ever before — using satellite
remote-sensing, advanced analytics, and communication technologies.52 Digital development partnerships
between public and private sector innovators (supported by safeguarding laws, enabling policies, and
institutional arrangements) can generate synergistic impacts across the economy while strengthening
agrifood information systems.53 Such partnerships
can incentivize the private sector to release data
assets publicly in order to fill gaps in ground-truthing
data, as in the case of the Lacuna Fund and ACRE
Africa (Box 1). Such data are sought by agricultural
scientists developing artificial intelligence (AI) and
machine-learning-based applications that can analyze
large datasets and aid decision-making processes.
The expansion of weather stations, complemented
by satellite remote-sensing-based estimates, to
improve the provision of reliable, localized weather
data is another priority investment for increasing climate resilience in agrifood systems. The utility of
weather and climate services depends on the availability of good quality baseline weather observation data,
without which changes in growing conditions are difficult to monitor and predict. Despite the fundamental
importance of these data, the World Meteorological
Organization’s latest assessment of the state of climate services shows a concerning increase in the
divide in data collection, particularly affecting the
least developed countries.54 In Africa, the density of
weather stations is only one-eighth of the minimum
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Box 1 UNLOCKING THE VALUE OF UNDERUTILIZED PRIVATE SECTOR DATA
The Lacuna Fund is a global coalition providing support to low- and middle-income countries to produce datasets for use in machinelearning applications. Lacuna has awarded funding to ACRE Africa, a Kenya-based for-profit agricultural insurance broker, to incentivize
the publishing of ACRE’s unique data in the public domain. The focus is on data that will be highly relevant for agricultural data
scientists working to train machine-learning algorithms and develop artificial intelligence (AI)-based applications (such as automated
estimation of crop production losses from climate shocks). The new dataset includes georeferenced crop images along with labels
on input use, crop management, phenology, crop damage, and yields from 11 counties in Kenya, giving scientists around the world
“eyes on the ground” to develop AI for agriculture.a To avoid privacy violations, the georeferenced data has been published in a usable
format that does not reveal the exact locations of farmers.
As demonstrated by this partnership example, the private sector more broadly has a treasure trove of underutilized data that could
advance agricultural data science and help to localize AI applications. A key question for policymakers is how to bridge critical data
gaps by incentivizing and facilitating the sharing of these data, while also protecting the privacy of food systems actors, responsibly
managing data, and sharing benefits.

recommended for timely weather forecasting and climate monitoring for early warning systems; moreover,
35 percent of the existing stations appeared to be
non-operational in 2019. As a result, only 44 percent
of Africa’s population is estimated to be covered by
early warning systems, compared to 70 percent in
Asia and 60 percent in South America. Public–private
partnerships can help to fill this gap. For example,
the Trans-African Hydro-Meteorological Observatory
(TAHMO) operates 115 low-cost automated weather
stations across rural Kenya, and its data are shared
with the Kenya Meteorological Department.55
Crowdsourcing through citizen science projects can
also be an effective way to fill data gaps, engage with
digital-savvy youth, raise citizens’ awareness and capabilities, and better communicate policies.

CULTIVATE DIGITAL CAPABILITIES TO
MANAGE CLIMATE RISKS
For these investments in digital infrastructure and
information systems to be effective in managing
climate risks, “soft” infrastructure must also be cultivated.56 Strategic investments are needed to increase
producers’ capabilities to find location-specific climate
information, interpret information to understand the
hazards, and make decisions. This process will require
multisectoral coordination among digital climate services, research communities, and food systems actors.

112

First, digital climate services should reach all vulnerable populations in order to support a broad
range of benefits, including improvements in yields
and incomes and reductions in risks. Policies can promote the inclusive planning and co-design of climate
services to help increase resilience of vulnerable agricultural communities.57 Laws and regulations are
needed to govern open access to climate data, ensure
data quality in compliance with international climate
data quality standards, and enforce equity components (for example, gender equity) of services.58 To
guide policymakers and investors in helping to connect the 300 million small-scale agricultural producers
who lack access by 2030, the Global Commission on
Adaptation (GCA) consulted with 57 organizations,
including CGIAR, to formulate six principles of successful digital climate services: ensuring data quality,
equity, stakeholder engagement, accountability and
transparency, financial sustainability, and design for
scaling.59
Second, digital climate services need to communicate timely, localized, and actionable climate
information. While an increasing number of climate
data sources are available, communicating climate science and research findings with the public is often
challenging due to their inherent uncertainties.60
Collaboration with design research communities
(such as human-centered design), co-development
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with multisectoral expertise (for example on nutrients
and biodiversity), and embracing alternative scientific
approaches (including local indigenous knowledge) in
the development and provision of climate information
can help digital climate services find the most effective
way of communicating complex information to ensure
it is relevant for local agrifood system contexts.61
Third, because early warnings are shown to be
effective only when people know what actions to take
in response,62 researchers can add value to climate
information by providing more actionable insights.63
For example, a climate forecast of “50 percent chance
of crop failure due to potential drought in the upcoming season” can be enriched by crop modeling
analyses that predict the effect of alternative management practices, such as, “Crop failure risk can be
reduced to 20 percent if drought-tolerant varieties
are planted.” Collaborative research and response
capacity-building campaigns are needed to determine
what actions should be undertaken when early warnings are released.64
Finally, food system actors, especially women
and other vulnerable groups, need support to take
advantage of digital financial services for investing
in climate-smart farming practices and managing

climate risks. In Kenya, for example, the majority of
farmers (82 percent as of 2019) already use mobile
financial services, but only 1 percent use these services to manage climate risks in agriculture through
crop or livestock insurance or loans.65 While more
research is needed, the specific practices of mobile
financial services appear to be unsuitable for agriculture in terms of the transaction amounts, frequency
of use, repayment periods, and interest rates. To be
more gender-responsive, digital financial services
should consider women’s needs, for example, the
role of female farmers in managing frequent household emergencies.66 The active participation of food
systems actors in the design and provision of digital
financial services could create more tailored, empowering digital finance products for women and men to
manage climate risks. Policy options for advancing
women’s digital finance inclusion include, for example,
making official identity systems universally accessible
to all women and girls, facilitating women’s universal
ownership of mobile phones, supporting consumer
protections that address women’s needs and ensure
data privacy and security, and requiring financial institutions to provide sex-disaggregated data in reporting
and make them public.67

DIGITAL INNOVATIONS: USING DATA AND TECHNOLOGY FOR SUSTAINABLE FOOD SYSTEMS

113

REGIONAL
DEVELOPMENTS
CLIMATE CHANGE IS A TRULY GLOBAL THREAT, BUT ITS IMPACTS DIFFER AROUND
the world. Regions and countries urgently need to identify and implement policy responses
that reflect local needs and opportunities. This section examines the effects of climate
change on national and regional food systems in Africa, the Middle East and North Africa,
Central Asia, South Asia, East and Southeast Asia, and Latin America and the Caribbean.
For each major region, promising innovations and policy directions to promote the
resilience and sustainability of food systems are considered:
■

Scaling up social protection programs in Africa south of the Sahara

■

Strengthening the focus on climate adaptation in Africa

■

Rethinking water use in the Middle East and North Africa

■

Promoting climate-smart practices and crop diversification in Central Asia

■

Reforming agricultural support policies in South Asia

■

Improving financing for climate change mitigation and adaptation in East and
Southeast Asia

■

Supporting global food security and sustainability in Latin America and the
Caribbean
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Africa’s food systems are evolving rapidly, driven by
the rise of an African middle class, growing urbanization, shifts in the labor force from farming to nonfarm
jobs, and increased availability of digital technologies.
As a result, the entire food system is changing, marked
by rising food import bills as the gap between Africa’s
food production and consumption widens, by growing consumer demand for more diverse, higher-quality
and safer foods, and by new preferences regarding
packaging, shopping outlets, and financial and electronic payment services.1 Despite growing demand
and competition for African farmland, low-input,
rainfed production systems with low yields2 still predominate, and the entire food value chain is led by
smallholders and small and medium enterprises
(SMEs),3 with women playing critical roles in the production, processing, retailing, preparation, and waste
management of food.4
With more than 50 percent of Africa’s population depending on rainfed agrifood systems for their
livelihoods, the impact of climate change on Africa’s
food security and other outcomes will be enormous.
However, differences across the continent in food
systems and their transformation will shape those
outcomes. For example, although northern and southern Africa are projected to experience the largest
increases in temperature and decreases in rainfall, the negative impact of rising temperatures on
GDP is projected to be greatest in western and eastern Africa.5 For the coastal and island countries, the
projected rise in sea levels, leading to coastal degradation and erosion, will compound the other negative
effects of climate change.6 Similarly, other crises such
as the recent COVID-19 pandemic and locust and fall
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armyworm infestations that have exposed the fragility of Africa’s food systems have also had different
effects across the continent. For example, COVID-19’s
impact has varied across the continent, with Egypt,
Morocco, South Africa, and Tunisia alone accounting
for about 68 percent of Africa’s reported deaths.7 And
while the locust infestation was concentrated in eastern Africa,8 the fall armyworm has invaded most of
sub-Saharan Africa.9 In addition, although food insecurity, hunger, and undernourishment have worsened
all across Africa, the prevalence of undernourishment, for example, is highest in eastern (28.1 percent)
and central (31.8 percent) Africa, and lower in the
western (18.7 percent), southern (10.1 percent), and
northern (7.1 percent) regions.10 The COVID-19 pandemic has further exacerbated the situation, resulting
in production losses, lower household incomes, and
declining nutrition levels among the most vulnerable.11
As with these other crises, the most vulnerable populations disproportionately bear the burden of climate
change, as shown in a recent assessment of the climate resilience of pastoralists and agro-pastoralists in
sub-Saharan Africa.12

COMMITMENT TO ADAPTATION AND
BUILDING RESILIENCE TO CLIMATE CHANGE
Responses to climate change in Africa must focus on
adaptation, given the region’s vulnerability to impacts
in agriculture and throughout its food systems, and the
region’s relatively small contribution to global greenhouse gas (GHG) emissions.

AFRICAN COMMITMENTS AND PROGRESS
As part of the 2014 Malabo Declaration, African heads
of state and governments committed to building a
climate-resilient African food system, including preparedness to respond to present and future climate
variabilities and shocks, and providing social protection provisions for rural and vulnerable groups.13 The
specific commitments and targets to reach by 2025
are: 1) improving the resilience capacity of at least
30 percent of farmer, pastoral, and fishing households by equipping them to mitigate, adapt to, and
recover from shocks and stresses; 2) having 30 percent
of agricultural land under sustainable land and water
management or climate-smart agriculture practices;
and 3) creating investment and an enabling environment for resilience initiatives, especially for disaster
preparedness plans, early warning and response systems, social safety nets, and weather-based index
insurance.14
According to the second biennial review of progress on the Comprehensive Africa Agriculture
Development Programme (CAADP), conducted in
2019, 11 African countries (Burundi, Cabo Verde,
Ghana, Ethiopia, Mali, Mauritania, Morocco, Rwanda,
Seychelles, Tunisia, and Uganda) are on track to meet
these commitments,15,16 up from just 7 countries in
2017.17 With respect to individual indicators, only
25 countries were on track for households’ resilience
to climate-related shocks, 12 for share of agricultural
land under sustainable management practices, and
just 1 for existence of government budget spending lines dedicated to resilience-building initiatives.
However, the lack of good quality data hampers accurate assessment of countries’ progress. For example,
30 countries lack data on households’ climate resilience, and 22 countries lack data on use of sustainable
management practices in agriculture.
To meet international commitments, many
countries are working to keep their national GHG
emissions within the required range through reporting their Nationally Determined Contributions (NDCs)
and developing and implementing their National
Adaptation Plans (NAPs) in line with the UN Framework
Convention for Climate Change (UNFCCC). Fifty-three
countries have submitted their first NDCs and are
now submitting revised versions.18 However, integrating these goals with the overall national development

priorities of individual countries and the continent will
be challenging as the bulk of the NDC targets set by
African countries are conditional on external support.

FINANCING FOR ADAPTATION AND RESILIENCE
While funding needs for adaptation are large, tracking
development finance going to Africa reveals that adaptation funding is only half the amount of the overall
mitigation budget, that disbursement ratios are lower
for adaptation (46 percent) than for mitigation-related
projects (56 percent), and that most adaptation programs offer loans as opposed to grants (Figure 1).19
Given Africa’s relatively low contribution to GHG
emissions compared to other global regions (about
3 percent),20 it seems that the investments in Africa
for mitigation are disproportionate relative to its GHG
contribution, and that the focus should be on adaptation. Furthermore, although developed countries
pledged to mobilize US$100 billion annually to address
climate change in developing countries through 2025,
that commitment has not been met (see Chapter 5).
Nevertheless, important investments are being
made at the country and continental levels. In Kenya,
for example, CGIAR is supporting the development
and implementation of the Kenya Climate Smart
Agriculture Implementation Framework (KCSAIF),
with monitoring and evaluation frameworks at the
county and subnational levels for measuring progress
in increasing agricultural productivity and building
the climate change resilience of agrifood systems
and value chain actors.21 At the continental level, the
African Development Bank, under the African Financial
Alliance on Climate Change, has committed to mobilize $25 billion for low-income African countries. It
has also established the Africa NDC Hub to serve as a
resource pool for its member countries, with a focus
on fostering long-term climate action, mobilizing
resources for implementation, and coordinating other
NDC-support activities on the continent.22

PROMISING INNOVATIONS
Many innovations for building resilience of food systems (discussed in other chapters of this report) hold
great promise for Africa, but are largely unproven.
These include innovations in agricultural insurance, precision agriculture, renewable energy, and
monitoring and evaluation of climate policy. Social
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Figure 1 African and global CO2 emissions (1951–2017) and disbursements of public adaptation and mitigation funds
(2014–2018)
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protection, discussed in last year’s Global Food Policy
Report, must also play a critical role.23 Availability and
increased use of digital technologies and information can potentially help catalyze adoption of all these
innovations (see Chapter 12).
Use of agricultural insurance remains low at the
continental level, with only 3 to 6 percent of farmers being covered.24 Since the early 2000s, various
index-based agricultural insurance products, seen as
more promising than traditional insurance products
that rely on actual crop loss assessments, have been
tested across the continent. Coverage of these, which
ranges from a few hundred farmers in a single country to about 400,000 farmers across multiple countries,
depends on the primary company and collaborating organizations, type of commodities covered, and
number of products offered, among other things.25
A major challenge hindering wide implementation
of these products is reducing the basis risk, that is,
the mismatch between the index triggering the insurance payout and the actual damage experienced by
the farmers. Innovations to reduce spatial basis risk
involve indexes that use remote-sensing data (such as
soil moisture and vegetation) to better proxy rainfed
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yield,26 such as index-based livestock insurance that is
based on a normalized-difference vegetation index,27
the Africa Risk Capacity drought insurance that is
based on soil water availability, or a water requirements satisfaction index.28 However, it may be difficult
for farmers to understand how such remote-sensing
data are correlated with weather variability and thus
trigger payouts. Innovations toward this include
ACRE-Africa’s hybrid index and bundle for comprehensive coverage, which includes both different shocks
(drought, storms, pests, and diseases) and different stages from planting to harvest.29 These combine
index-based insurance products with other technologies such as picture-based tools to assess actual
damages, or bundle insurance products with credit for
climate-smart practices and technologies.30
Efforts to address climate change must tap into
renewable energy sources to build the resilience of
African food systems. Over half of Africa’s population
has no access to modern electricity services.31 Lack of
access to reliable, affordable, and sustainable energy
contributes to food loss and limits the efficient use
and growth of food supply chains, which in turn affects
food availability and access.32 Moreover, 78 percent of

the population relies on traditional biomass for cooking and heating, with implications not only for climate
change but also for women’s health and labor.33 Many
African countries have committed to transitioning to
green energy which, together with increasing sustainable agricultural practices, is prioritized in more
than 70 percent of the African NDCs and NAPs.34
Several countries including South Africa, Ghana, and
Nigeria are investing in electricity grids and off-grid
technologies (especially mini-grids) to expand rural
electrification and reduce dependence on forest products (see Chapter 9),35 which has reduced the share of
people in sub-Saharan Africa without access to electricity from 69 percent in 2010 to 57 percent in 2018.36
A key challenge is the low demand for electricity, especially in rural areas, due primarily to poverty as well as
unreliability of existing service provision, high costs,
and a lack of policy support for clean energy sources.

KEY RECOMMENDATIONS
Innovations in Africa should prioritize climate change
adaptation, and seek to capture "sweet spots"
where adaptations can also deliver co-benefits to
mitigation.37 This includes exploring sustainable intensification as a climate-smart option to build resilience
and increase crop yields while also contributing to
mitigation through reduction of GHG emissions.38 In
addition, innovations should be seen as immediate
and complementary means to accelerate economic
recovery and inclusive development more broadly, as
defined by national and sectoral masterplans.39,40 As
communities become healthier, wealthier, and more
educated, they will be better placed to adapt to the
negative consequences of climate change.
Localize innovations. Because of the immense diversity across the continent, innovations that work well in
one country or region might not work well in another.
Any promising options for transforming African food
systems should be locally assessed and based on
local projected climate vulnerability and prevailing biophysical and socioeconomic conditions. More
contextualized research, data, and information are
needed to inform climate change adaptation. Research
and analysis should consider the expected impacts
on food system components and actors all along
value chains.41 It should support better assessment

of trade-offs among competing options, in terms of
both effectiveness and cost-efficiency, in meeting climate change goals along with other development
goals (see Chapters 11 and 12). Although several platforms, models, and datasets have been developed in
this direction, including the meta-dataset Evidence
for Resilient Agriculture (ERA),42 none of these initiatives focus on cost-efficiency at the continental level,
which is critical information for resource-constrained
African policymakers.
Increase and improve investment for resilience.
Taking resilience-building innovations to scale will
require increased finance flows to Africa. Public
finance and foreign direct investment (FDI) for food
systems development and climate change adaptation
in Africa must be substantially increased by scaling up
both commitments and disbursement ratios, as well as
the quality of investments (see Chapter 5). To mobilize
more resources that can speed up the implementation
of Africa’s national adaptation plans, procedures to
access climate finance need to be simplified, harmonized, and mainstreamed across donors and funding
vehicles.43,44 Each national government should also
involve and empower local and subnational actors and
institutions in the design, monitoring, and evaluation
of climate change adaptation projects, employing their
local expertise.45 This will require continued efforts to
increase the participation, representation, and legitimacy of vulnerable and marginalized groups within
national processes to address climate change along
with other long-term challenges facing the continent.
While Africa’s food systems are evolving rapidly in
response to multiple factors, including changing demographics, growing urbanization, shifts in labor supply,
and increased availability of digital technologies, more
than 50 percent of the population depends on rainfed
agrifood systems for their livelihoods. As a result, the
impact of climate change on the continent’s food security and other outcomes will be enormous. Considering
the diversity in food systems and other factors across
the continent, how African countries respond to climate
change will be critical for food systems. Overall, the
focus must be on adaptation and on investing in innovations, such as those in agricultural insurance, precision
agriculture, renewable energy, and social protection,
that can build the resilience of Africa's food systems.
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In many countries of the Middle East and North Africa
region (MENA), the COVID-19 pandemic has increased
budget deficits, reduced economic growth, and
raised poverty and unemployment levels.1 Ongoing
conflicts, political turbulence, and fragility in Sudan,
Syria, Yemen, and elsewhere have hindered both the
response to the pandemic and long-term economic
reform and development processes. The Russian invasion of Ukraine has further exacerbated the recent rise
in global food prices and created additional pressure
for economies and populations in MENA countries
that are net food and fuel importers, such as Morocco,
Tunisia, and Egypt. For example, in Egypt and Yemen,
wheat and wheat products represent between 35
and 46 percent of caloric intake per person. Egypt is
the world’s largest importer of wheat, with imports
accounting for about 60 percent of total wheat use in
the country, and Yemen’s cereal import dependence

ratio is estimated to be 97 percent. As such, the
Russia-Ukraine war poses a serious food security threat
for Egypt and threatens to further exacerbate undernourishment and reliance on external assistance in
Yemen.2
Beyond these immediate crises, climate change,
along with water scarcity, poses a short- and long-term
challenge for food and water security, sustainability, and development. Climate change and variability
threaten to destabilize agricultural production and
further reduce water availability and accessibility in
the region, with implications for the broader food system. Yields are projected to decline for most crops in
MENA, while the global impacts of climate change may
lead to substantial increases in consumer prices for the
region’s major food imports (Table 1). Consumption,
nutrition, and food security are all likely to suffer,

Table 1 Impact of climate change on food security in MENA region by 2050 (percent change)
Indicators

Cereals

Fruits &
Vegetables

Oilseed Crops

Pulses

Roots &
Tubers

Meat Products

Yield

-4.18

-1.78

-6.86

-17.20

-0.17

–

Production

-5.67

1.53

0.78

-26.55

9.06

-1.22

Consumer prices

12.84

13.89

20.82

10.56

35.17

8.72

-1.93

-2.23

-7.28

0.54

-9.84

-1.24

Consumption
Source: IMPACT simulations.

Note: Values are percentage changes from a no-climate-change assumption. Climate change scenario is based on HadGEM general circulation model,
SSP2 and RCP 8.5. “—” means not significant changes.
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putting more people at risk of reduced water availability, hunger, and malnutrition.
In addition to these longer-term impacts of climate
change, extreme climate events such as droughts,
floods, and storms are already becoming more frequent and intense, costing lives and millions of dollars
in lost revenue and damages.3 In Egypt, for example,
the costs of climate change impacts to the agriculture
sector alone are estimated at US$1.84 billion per year
over the next 30 years.4 For the region as a whole, GDP
could shrink by 6–14 percent by 2050 due to climate
change and water scarcity.5
Conflicts over water are expected to become more
frequent and severe with climate change, as rising
temperatures and more volatile rainfall reduce water
quality and quantity. Notably, about 60 percent of
the region’s water resources are transboundary water
bodies, with every country sharing at least an aquifer
with a neighboring country.6 Increased competition
over this scarce resource will be compounded by
rapid population growth, economic development, and
conflict-related migration in several MENA countries.7
In addition, sea-level rise, coastal degradation, and
water variability driven by climate change will threaten
the viability of low-lying areas (particularly the Nile
Delta in Egypt), harbors, and other critical food system
infrastructure, and will potentially lead to loss of fertile
land, social disruption, displacement, and migration.8

IMPLEMENTING “SHOVEL-READY”
POLICIES, REFORMS, AND INNOVATIONS
To turn these threats into opportunities for development, existing “shovel-ready” policies and investments
for climate change adaptation and mitigation need to
be implemented by public institutions and the private
sector, working in tandem, and capacities need to be
built to adapt interventions to local contexts.
To mitigate the impacts of the war in Ukraine and
address the vulnerabilities arising from high and
increasing food import dependency, MENA countries
should diversify their food import sources, utilize the
potential for agricultural production remaining amid
water shortages and climate change, endeavor to
reduce food waste, diversify diets away from imported
cereals toward locally grown staples, and increase the
use of targeted cash transfers for the poor.

Paradigm shift on water management. A shift in
approaches to water use that embraces the need to
conserve water resources and develop new water
sources has the potential to increase resilience to climate change. Better demand management — including
greater water conservation, water efficiency, and water
re-use and recycling — can reduce pressure on water
supplies. This shift can also promote the use of new
water supply sources, such as rainwater and desalinated water. Innovative pricing mechanisms, such
as those established in Morocco and Tunisia for cost
recovery for water, would allow the region’s agricultural water sector to become financially sustainable
and to meet its maintenance and operational costs
while also promoting more efficient water use by
end-users. In addition, these water pricing policies can
deliver on financial goals (achieving full-cost recovery),
social goals (ensuring access for all), and environmental goals (incentivizing sustainable use). Knowledge
building, including data on existing water and uses,
hydrology of regional water flows, and ecosystem services, as well as engagement with communities and
the private sector for knowledge sharing can support
these changes. Projects to promote water-saving technologies and improve irrigation management, such as
those implemented in Jordan and Egypt, often benefit
from co-designed interventions that involve partnerships among all key private and public market players
rather than targeting end-users directly.9 At the farm
level, a number of technologies and services can
improve water management and resilience.
Investing in promising farm technologies and services. Investments in R&D and scaling-up of promising
technologies should foremost include those focused
on greater efficiency of water use, including irrigation
and water management technologies. Solar photovoltaic water pumping stations along with water-saving
drip irrigation kits can help to increase resilience of irrigated systems, reduce operational and maintenance
costs, increase yields, and promote crop diversification.10 Moreover, judicious use of groundwater and/or
treated wastewater could reclaim and transform desert lands for agricultural use, which could further boost
agriculture’s resilience to climate change.
Mobile phone applications can provide farmers with geo-specific information customized to their
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plots, weather conditions, and crop types. These apps
can make irrigation recommendations based on the
crop type, irrigation system, farm size, planting time,
types of water pumps, energy sources, and soil type
(Figure 1). The IRWI APP, for delta areas in Egypt, and
LARI-LEB, for Bekka Valley in Lebanon, have reduced
the time and amount of irrigation by 30 percent on
average.11 Other promising technologies include
improved seeds, greenhouses, hydroponics, optimized fertilizer application, improved groundwater
management, and digital agricultural tools and
services, particularly for extension and market performance (see Chapter 12).12

CREATING AN ENABLING ENVIRONMENT
FOR CLIMATE-FRIENDLY FOOD SYSTEMS
Adopting these policy and technology changes will
require an enabling environment of coherent policies,
incentives, investments, and capacity building across
all food system sectors. Creating an enabling business environment, fostering climate-smart trade, and
expanding international cooperation will help MENA
to meet country-level 2030 development agendas
and international goals, including the UN Sustainable
Development Goals.

Enabling business environments. More
business-friendly environments with clear regulatory
and enforcement frameworks will support all food
system actors and make domestic markets more competitive. Examples include investments in food system
infrastructure, promotion of food quality standards,
frameworks to stimulate more efficient water use in
the agriculture sector, disincentives for food and water
waste, and encouragement of more sustainable practices. When combined with targeted, sector-specific
public investments and social safety nets, macroeconomic and fiscal policies that phase out unsustainable
energy and fertilizer subsidies and incentivize
climate-smart investments have proven successful in
countries like Egypt.13 The private sector can help close
the financial gap through public–private partnerships.
These partnerships are new and rapidly evolving tools
for funding in MENA, from the agro-industrial sector
to food trade. In fragile and post-conflict areas, such
as Iraq, public–private partnerships may also offer a
strategy to resume construction, maintenance, and
operation of abandoned projects.14
Climate-smart trade. Climate-smart trade policies and openness to trade will be critical for MENA,
even though some policymakers may be inclined
to promote self-sufficiency goals as a result of

Figure 1 Mobile applications that support agricultural production

Source: IRWI App (Irrigation Water Information Application) and LARI-LEB App (Lebanese Agricultural Research Institute).
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the Russia-Ukraine war and related uncertainties
around wheat imports. But net food imports are
likely to further increase due to rising demand and
limited potential for domestic wheat production.
Vulnerabilities to production shocks from climate
change and extreme climate events, as well as prolonged health emergencies and pandemics, are also
likely to grow. Export crops will remain important as a
source of income and foreign exchange, particularly
where MENA countries have a comparative advantage, as in fruits and vegetables. Rather than focusing
on unrealistic self-sufficiency goals for wheat, efforts
to phase out water-intensive crops could facilitate further specialization in high-value agricultural products
while addressing countries’ food security concerns.
Incentives to promote trade in “virtual water” — that is,
water embodied in crops — could expand regional production of less water-intensive, more heat-tolerant, and
high-value export crops like fruits and vegetables and
increase imports of water-intensive crops like rice and
wheat, with positive impacts on sustainability and resilience amid climate change.
International cooperation. Regional and international cooperation in climate change adaptation
efforts can also improve production, lower food
prices, and facilitate the import of strategic crops
or food items.15 Areas for cooperation may include
R&D, financing, trade, technologies, innovations,
digitalization, and management support, as well
as capacity building. Regional collaboration and

cooperation are also essential for conflict-resolution
and problem-solving around water resource management. For example, the establishment of water
allocation mechanisms where water resources are
shared across borders can support more sustainable
water use and reduce conflict.

LESSONS FROM OTHER SHOCKS
FOR CLIMATE CHANGE
The pandemic and the invasion of Ukraine, in addition to imminent threats from climate change–induced
extreme weather events, have clearly shown MENA
countries that a well-functioning, resilient food system
is critical and that “climate-proofing” the regional food
system must be a priority. In several MENA countries,
the negative impacts of COVID-19 were cushioned
by keeping domestic and international food markets open; diversifying food imports; ensuring that
food producers, traders, and retailers could operate within sensible enabling environments (including
soft and hard institutions); and providing safety nets
for the most vulnerable. These responses will also be
crucial to dealing with the impacts from the war in
Ukraine. Some of the same principles — coupled with
a push to “green” MENA economies and investment in
a new water paradigm, as well as tools and technologies for more sustainable agriculture — could support
adaption to climate change and pave the way for
greater prosperity.
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Increasing evidence shows that shifts in Central Asia’s
climate are already occurring at an accelerating rate,
and the region’s aridity is expected to increase, with
consequences for agricultural production.1 While
this warming trend applies to all areas and seasons,
regional and seasonal trends vary. Lowland areas
have seen a greater warming trend than mid-altitude
and upland regions. The average annual temperature in Tajikistan, where mountains cover 93 percent of
the land area, has increased by 0.3°C–1.2°C since the
1950s. In contrast, in Turkmenistan, where 80 percent
of the land area is flat desert, the average annual
temperature increased by 1.1°C–2.4°C during the
same period.2 In Uzbekistan, the average minimum
temperature rose by 2.0°C and average maximum
temperatures by 1.6°C between 1950 and 2013. The
warming was steepest in spring (0.39°C per decade)
and more modest in winter (0.13°C per decade).3 In
contrast, Kazakhstan has seen the sharpest rise in
winter temperatures (0.35°C per decade), with less
warming in summer months (0.18°C per decade).4
Unlike the clear warming trends, precipitation changes
have shown no clear trend, with significant variations
observed across the region.
The frequency and intensity of extreme climate
events, notably heatwaves, droughts, and dust storms,
have increased during recent decades throughout
Central Asia. The probability of heatwaves is expected
to rise further, especially in Tajikistan, Turkmenistan,
and Uzbekistan, and Central Asia’s arid climate and
steadily high summer temperatures make the region
particularly susceptible to drought.5
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CLIMATE CHANGE IMPACTS
ON FOOD SYSTEMS
Climate change is already affecting food systems in
Central Asia. Rising temperatures and extreme climate
events have contributed to reductions in land and soil
quality, availability of water resources for irrigation
and human use, and crop yields. Land degradation
is a major challenge, resulting from the combination of rising temperatures and aridity, unsustainable
agricultural and irrigation practices, and overgrazing of pastureland.6 About a quarter of the population
of both Kazakhstan and Uzbekistan already live on
degraded land.7 Moreover, with increased probability
of drought, the region is vulnerable to dryland expansion and desertification. These impacts have high
costs. Land degradation reduces agricultural incomes
by lowering crop yields and livestock productivity and
by necessitating increased input use.8 The annual cost
of land degradation in Central Asia between 2001 and
2009 has been estimated at about US$5.85 billion,
equivalent to 3 percent of GDP in Kazakhstan and
Uzbekistan, 4 percent of GDP in Turkmenistan, and
10–11 percent of GDP in Kyrgyzstan and Tajikistan.9
Renewable water resources in Central Asia are
limited. These resources, including critical seasonal
runoff (meltwater), will be affected by a combination of
changes in precipitation, increasing glacier melt, earlier snowmelt, and higher evapotranspiration that will
aggravate regional water shortages and reduce water
available for irrigation in the summer months.10 Already
as a result of rising temperatures, nearly a third of the
glacial area in the Tien Shan and Pamir mountains has
disappeared since 1930.11

Water scarcity can be physical (lack of water of
sufficient quality) or economic (lack of adequate
infrastructure plus technological and institutional constraints).12 Currently, only Uzbekistan is considered
physically water-stressed, with water availability averaging just 1,505 m3 per capita per year.13 Turkmenistan
also has relatively low renewable water resources
per capita (2,407 m3 per year). However, over the
past three decades, all Central Asian countries have
experienced a steady decrease in the per capita availability of renewable water resources due to the rising
population (Figure 1). Turkmenistan and Uzbekistan

are severely water-scarce countries in economic
terms, with withdrawal levels for available renewable
water resources reaching more than 100 percent14;
Kyrgyzstan and Tajikistan, which withdraw 33 and
45 percent of their renewable water resources,
respectively, are considered water-stressed countries (Figure 2). Most of the region is expected to face
a significant increase in water stress15 due to climate
change.16 This is a major concern for the sustainability of Central Asia’s agrifood systems, as irrigation
is essential for agriculture in most of the region, and

Figure 1 Total renewable water resources per capita, Central Asia, 1988–2022
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Figure 2 Proportion of renewable water resources withdrawn, Central Asia, 2018–2020
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competition for water is increasing, leading to intraregional conflicts.
Increased aridity and water stress levels, together
with the greater frequency of extreme weather events,
have already caused sizable declines in the region’s
crop yields. For example, crop yields in Tajikistan
dropped by 30–40 percent in 2000/01 and again in
2007/08 as result of droughts. Combined with the
global food crisis, this has led to more than 2 million
people being undernourished.17 Nevertheless,
Central Asian countries achieved significant progress in reducing child malnutrition during the past
two decades. Child stunting rates in Kazakhstan
declined from 17.7 percent in 2000 to 6.7 percent in
2020, in Kyrgyzstan from 29.9 percent to 11.4 percent,
in Tajikistan from 41.6 percent to 15.3 percent, and
in Uzbekistan from 29.5 percent to 9.9 percent.18
However, the risk of malnutrition in the region is likely
to increase, especially among children and other vulnerable groups, as the adverse effects of climate
change may become a significant challenge for agriculture, especially for crop yields. In addition to
indirect effects related to land degradation, water
availability, and extreme weather events, climate
change affects crop yields directly through changes in
precipitation, temperatures, and carbon dioxide availability. Projections from IFPRI's IMPACT and DSSAT
models show that Kazakhstan will experience modest
losses in cereal yields but significant losses in potato
yields in the period up to 2050, while Tajikistan and
Uzbekistan will likely face higher yield losses for major
crops.19 The projections for Tajikistan indicate that
adverse effects of climate change may lead to a significantly higher (4.6 percent) number of malnourished
children than there would be without climate change.20

POLICY RESPONSES
Policy responses to climate change have been limited
in Central Asia until recently. Climate policies predominantly aim to reduce the adverse effects of weather
extremes and focus on production of staple crops
rather than building resilience.21 However, at least two
potential interventions could support adaptation.
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CROP DIVERSIFICATION
Agricultural crop diversification is a potentially feasible
and cost-effective means to increase the resilience of
Central Asia’s agricultural systems. Greater crop diversity can improve resilience by reducing threats from
pest outbreaks and pathogens (which are expected
to worsen under climate change) and buffering crop
production from the effects of growing climate variability and extreme weather events. The production
structures and economic incentives adopted in the
1990s encouraged the production of just a few crops.
Together with the belief that specialized agricultural
systems are more productive than diversified systems,
these policies have hindered past attempts to promote
diversification.22 As a result, reforms that support agricultural diversification have only recently emerged
in Central Asia. The region’s governments have now
begun to adopt crop diversification policies, with
support from major bilateral and multilateral development partners.23 For example, the governments of
Uzbekistan and Tajikistan are encouraging farmers to
grow horticultural crops, and the Kazakh government
is encouraging farmers to allocate more land to oilseed crops.
Crop diversification can be implemented in various forms and at a variety of scales, allowing farmers
to choose a context-appropriate strategy that both
increases resilience and provides economic benefits. For example, the cultivation of more winter crops
may provide good market opportunities for farmers. However, efforts may be needed to promote the
adoption of these crops, including providing information to farmers and ensuring availability and access
to seeds, fertilizers, and plant protection products.
Another potential opportunity, arising as a result of climate change, is the shift of farming to some areas that
were previously too cold for optimal farming of summer crops.24

WATER-SAVING TECHNOLOGIES
Implementation of climate-smart agricultural (CSA)
technologies — such as conservation technologies,
water-saving irrigation technologies, drought-resistant
crops, and climate-resilient varieties — remains limited despite their potential benefits. Of these,
water-efficient technologies are critical, given the vital
role of irrigation for agricultural production in Central

Asia. Such technologies, including drip irrigation,
sprinklers, and smartsticks, can support adaptation to
climate change and boost productivity, contributing to
improvements in farmers’ livelihoods and food security.25 However, high initial and maintenance costs for
this equipment and lack of necessary technical capacity are major constraints to large-scale implementation
in the region.
In this regard, a significant policy shift recently took
place in Uzbekistan, where in 2020 the government
adopted a program that redirects subsidies from the
energy sector to support water-saving technologies.
The evidence suggests that improved irrigation practices, such as drip irrigation, can save approximately
30 percent of the water used compared to traditional
irrigation practices.26 These technologies would also
reduce energy use and carbon emissions and improve
crop yields in pump irrigated areas. Research by the
International Water Management Institute (IWMI) in the
Karshi region of Uzbekistan has shown that optimized
irrigation could save half a trillion liters of water, spare
259 gigawatt-hours of electricity, and cut 122,000 tons
of CO2 emissions.27 Considering that the irrigation
sector accounts for about 21 percent of total electricity use in Uzbekistan, the adoption of water-saving
technologies should lead to significant energy and
water savings. This could be a promising path forward for other countries in Central Asia, where, overall,
18 percent of irrigated areas are under pump irrigation, covering about 2.84 million hectares.28

LOOKING FORWARD:
OBSTACLES AND LESSONS
Demand for nutritious food in Central Asia is rising as a
result of population and income growth.29 At the same
time, the food supply faces significant constraints due
to increasing land degradation and water scarcity.
While policies that encourage water-saving technologies and crop diversification can help mitigate these
problems in the short and medium term, additional
innovations are needed.
First, digital technologies (such as precision agriculture, weather-station-based irrigation advisory

systems, and unified digital market platforms) enabled
by internet and mobile phone connectivity could help
farmers efficiently and sustainably use limited land
and water resources, improve decision-making, better
manage risks and variability, and enhance efficiency
(see Chapter 12).30 However, Central Asia lacks the
necessary infrastructure for a digital transformation of
the food system, a problem that has been highlighted
by the COVID-19 pandemic.31 Regional governments
need to invest in digital connectivity infrastructure and
encourage public–private partnerships to accelerate
the digital transformation of the agrifood sector.
Second, regional policy coordination is needed,
given that Central Asian countries share common
water and other essential resources for agriculture.
Poor coordination of policies has been a serious obstacle. For example, during the pandemic, some national
governments moved to impose export restrictions,
which led to higher food prices and exacerbated
food insecurity issues already worsened by the crisis.
Moreover, Central Asia historically has a complicated relationship with water, and the “water tensions”
between upstream (Kyrgyzstan and Tajikistan)
and downstream (Kazakhstan, Turkmenistan, and
Uzbekistan) countries are well known.32 This underscores the importance of policy coordination and
transboundary water cooperation across the region
to make the agrifood system inclusive and resilient to
climate-change-related shocks. In this regard, regional
intergovernmental bodies such as the International
Fund for Saving the Aral Sea (IFAS) and the Interstate
Commission for Water Coordination (ICWC) need to
improve their efficiency and promote evidence-based
decision-making.
Finally, one of the biggest challenges in Central
Asia is the lack of reliable data on climate change and
food systems, including land, labor, and water productivity, as well as the costs and benefits of water-saving
technologies. This problem is compounded by inadequate analytical capacity in the region. Developing a
robust and comprehensive framework on how climate
change will impact the region and its consequences
for water and food security and nutrition will require
innovative data solutions.

Central Asia  127

SOUTH ASIA
ADITI MUKHERJI, AVINASH KISHORE, AND SHAHIDUR RASHID
Aditi Mukherji is a principal researcher, International Water Management Institute (IWMI), New Delhi.
Avinash Kishore is a research fellow, South Asia office, International Food Policy Research Institute (IFPRI), New
Delhi, and Shahidur Rashid is director for South Asia, IFPRI, New Delhi.

South Asia is a climate change hotspot, with many
climate-induced risks compounded by significant
existing vulnerabilities. All available indicators — glacier melt in the Himalayas, sea-level rise, extreme
weather events, precipitation patterns, and the frequency of natural hazards turning into disasters — have
worsened since 1950. Rapid economic growth in
recent decades, which is expected to continue, will
likely exacerbate these alarming trends, and the high
economic costs of climate change in the region are
projected to increase further.
Policy actions vary across countries, but all governments in the region have signed the Paris Agreement
on climate change. However, all South Asian countries are lagging in undertaking some critical actions1
that would directly contribute to both climate change
adaptation and mitigation in the region, and COVID-19
has led to a significant reduction in climate-related
investments.2
In South Asia, as in much of the developing world,
total greenhouse gas (GHG) emissions have been
rising since the 1990s.3 Agriculture is both a major
source of emissions and the sector most affected by
climate change. Globally, agriculture and associated
land use and land-use change activities account for
roughly a quarter of all GHG emissions. Three-quarters
of these emissions can be attributed to developing
countries, and South Asia is a major contributor. With
these broad trends in mind, this chapter focuses on 1)
observed and projected climate impact drivers (also
called climate hazards) that are driving climate change
and its societal impacts, 2) observed and projected
impacts on agrifood systems, and 3) policy solutions
that can be implemented in the near term to adapt to
and mitigate climate change in the region.

128  Regional Developments

CLIMATE CHANGE IN SOUTH ASIA
Anthropogenic GHG emissions, including CO2 and
other GHGs, have already caused a temperature rise
of about 1.1°C globally.4 In South Asia, hot extremes
(both the frequency and intensity of daily maximum
temperatures), heavy precipitation events, and other
climate shocks have increased since 1950. These
changes are expected to accelerate with every increment of global temperature increase.5 South Asia’s
pre-existing vulnerabilities — high levels of poverty,
governance challenges, and limited access to basic
services and resources — amplify the region’s climate
risks, with potentially devastating effects if warming
continues at this pace.6
Mean and extreme temperatures have risen and are
projected to rise further. The temperature rise in
South Asia over the past century is well documented,
and the projections are dire. However, temperatures
have not risen evenly across the region. For example,
while the average temperature rise was 0.7°C between
1901 and 2018, a larger increase was observed over
the Himalayas (1.3°C). In Bangladesh, average annual
temperatures have increased in the last six decades,
with warming accelerating from 2001 onward.7 South
Asia has experienced a lower-than-global-average
temperature rise mainly due to the cooling effect
of aerosols, including short-lived climate pollutants, which have their own negative health and
agricultural consequences.8 For the region as a
whole, annual mean temperatures are projected
to increase by between 1.2°C and 4.3°C (under
low- and high-emissions scenarios) by the end of the
century.9 The average temperature across India is projected to rise by between 2.4°C and 4.4°C by 2100.10
Similarly, summer heat waves are projected to triple or

quadruple by 2100 in India,11 and increase at the rate of
0.71 days per decade in Pakistan.12
Himalayan glaciers are melting at unprecedented
rates. These glaciers, which are an important source
of the region’s rivers, have lost more mass since 2000
than in the entire 20th century.13 With temperature
rise over the Hindu Kush Himalayas in the northwestern area of South Asia potentially reaching around 6°C
under high emissions scenarios, glaciers could lose
up to two-thirds of their volume by 2100, with severe
consequences for people living in downstream river
basins — including reduced water availability for agriculture, hydropower, and domestic use.14 Melting of
Himalayan glaciers also affects vulnerable mountain
populations upstream who directly depend on glacier
meltwater for their livelihoods. Projected intensification of monsoon precipitation is expected to increase
annual river flows, but seasonal flows reduced by lower
baseflow due to early melting will affect both irrigation
and hydropower generation, while extreme precipitation events are likely to make flood events more
intense and impactful.
Warming-induced increase in monsoon rainfall.
Mean precipitation in South Asia has increased since
the 1950s due to higher GHG emissions, although the
cooling effect of aerosols has kept the rate of precipitation increase below the global average.15 Both low
and high extremes have increased, especially since
the 1980s, with more frequent dry spells and more
intense wet spells.16 Notably in India, summer monsoon precipitation has shown declining trends over
the last few decades, with larger decreases over the
main breadbasket region of the Indo-Gangetic belt;17
and in Bangladesh, a decline in precipitation of about
84 mm per decade was observed from 1981 to 2010.18
Projections show increases in both mean and extreme
precipitation for the entire region by the end of this
century, with some variation across countries, ranging
from about a 17 percent increase in mean precipitation
in Bangladesh to more than 27 percent in India under
a high emissions scenario.19 Studies also project that
extreme precipitation events will be 1.7 times more
likely in Bangladesh by 2050 than they are now.20
Climate hazards are projected to worsen. Over
750 million people in South Asia are currently exposed

to climate hazards, primarily floods and droughts.21 In
India, reduced summer monsoon rainfall has increased
the frequency and spatial extent of droughts from
the 1950s onward.22 Similarly, in Pakistan, the intensity and severity of droughts have increased over the
last century.23 Greater incidence of localized extreme
precipitation events has increased flood risks in India,
and projections show increases in flood intensity and
occurrence in the Indus, Ganges, and Brahmaputra
River basins.24 On the other hand, the tropical
cyclones over the Northern Indian Ocean region
have become less common, although very severe
cyclonic storms have become more frequent in the
post-monsoon season.
Event attribution studies are relatively rare in South
Asia and remain an important knowledge gap. The
2017 Bangladesh flood is one rare case. In 2017, flash
floods damaged about 220,000 hectares of nearly
harvestable boro paddy in Bangladesh. Several attribution studies show that anthropogenic climate
change increased the likelihood of the extreme rainfall
events that led to this flood.25

OBSERVED AND PROJECTED IMPACTS
ON AGRIFOOD SYSTEMS
The impacts of climate change on South Asia’s agrifood systems include decreases in yields, depleted
natural resources, and associated income losses.
Globally, total factor productivity (TFP, a measure of
technological innovation and efficiency in production)
in agriculture has fallen by about 21 percent since 1961
due to climate change, and warmer areas like South
Asia have seen the largest declines.26 At the same time,
the likelihood of climate shocks affecting crops including wheat, soybeans, and maize increased in most
global breadbaskets, and especially in South Asia.27
Increased water demand for agriculture is draining
aquifers and could worsen food and nutrition insecurity in the region. Negative impacts on agricultural
GDP and trade outcomes have also been projected at
higher levels of warming.
Declining yields in all major agricultural subsectors will continue. The unprecedented suite of
climatic changes has caused crop yield declines and
production losses in the region, with a few exceptions
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for certain crops and subregions. For instance,
in Bangladesh, temperature and rainfall explain
12 percent of crop production variability,28 and rising
temperatures are linked to decreasing wheat yields.29
However, productivity of some crops has benefited
from temperature and humidity trends, notably rainy
season paddy (aus and aman), though not irrigated
boro paddy. In Pakistan, declines in rice and wheat
yields are observed with climate change, although
the use of heat-tolerant varieties has provided some
resilience and forestalled greater impacts.30 In the
country’s mountainous Khyber Pakhtunkhwa region,
however, increased average precipitation improved
crop yields between 1985 and 2016.31
In India, agricultural production data (1967–2016)
for several crops show that average land productivity decreases as average temperatures increase,32
and this impact accelerates at higher levels of warming. Projections show yields of India’s crops falling by
1.8 to 6.6 percent by mid-century (2041–2060) and by
7.2 to 23.6 percent by end-century (2061–2080) under
a middle-of-the-road scenario for climate change.33
Yield losses are projected to be higher in rainfed
conditions,34 and yield losses in wheat and maize
are projected to be higher than yield losses in rice.
In Nepal, flood-induced damages to the area under
paddy are already significant and projected to rise further, reaching 50 percent by the end of the century
under a scenario with little emissions mitigation.35
In India and Bangladesh, subsistence fisheries
provide up to 60 percent of animal protein in people’s diets,36 but increasing salinity intrusions in inland
aquaculture ponds have resulted in fish mortalities.37
Globally, fisheries productivity is projected to fall in
tropical and subtropical regions like South Asia.38
Groundwater depletion is accelerating rapidly.
South Asia accounts for a quarter of global groundwater use. Groundwater extraction for agriculture
contributes to food security, livelihood support, and
poverty alleviation.39 Yet groundwater depletion — at
rates exceeding 2 cm per year in the Indo-Gangetic
aquifer40 — is straining the limits of these resources,
leading to lower agricultural production and loss of
related benefits,41 including effects on the adaptive
capacity of communities.42 Episodic recharge during
extreme rainfall events has been recorded in India’s
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semi-arid tropics,43 but the future impact of climate
change on groundwater recharge is uncertain.
Existing vulnerabilities to food and nutrition security will grow. The impacts of climate change in
South Asia, compounded by the impacts of COVID-19,
will make it very difficult for the region to achieve the
goal of zero hunger (SDG2) by 2030.44 Climate change
shocks have direct and long-term impacts on food and
nutrition security. For example, a district-level analysis
from India concluded that the odds of children suffering from stunting, wasting, and being underweight or
anemic increases by 30 to 60 percent in districts with
high climate vulnerability compared to districts with
low vulnerability.45
A global study that accounts for extreme weather
events estimates that, by 2050, the number of people
at risk from hunger will increase by 11 to 20 percent,
with South Asia (along with sub-Saharan Africa) at
greatest risk, and estimates that South Asia will need
three times its current food reserves to offset the
impacts of such events.46 Similarly, an earlier study estimated that food shortages caused by climate change
could lead to a significant increase in the number of
malnourished children in South Asia.47 In Bangladesh,
near-term projections estimate a reduction of up to
17 percent in total calorie consumption by 2030 due to
climate change.48
Negative impacts on agricultural GDP and trade
are projected. Climate change is projected to reduce
agricultural GDP through declining crop yields, and
increase consumer prices, with greater losses associated with higher warming levels. For example, the
Pakistan floods of 2010 caused economic losses
of US$4.5 billion,49 while the losses caused by the
2014 drought in India are estimated at $30 billion.50
Floods in Bangladesh in 2017 caused a 30 percent
year-on-year rise in paddy prices. Economic projections for Bangladesh for the short term estimate a
modest decline of 0.11 percent of GDP by 2030, and
a 1.23 percent fall in agricultural GDP.51 Another study
projects loss of ecosystem services as a result of climate change in the range of $18 to 20 million by 2050 in
Bangladesh under low- and high-emissions scenarios.52
Water scarcity is also projected to worsen with climate change. Of the world’s five basins where water
scarcity–led GDP losses are projected to be highest,

three (Indus, Sabarmati, and Ganges-Brahmaputra) are
in South Asia. In the Indus Basin alone, GDP losses are
expected to exceed $5,000 billion by 2100.53
Negative impacts on agricultural trade are also projected. In Pakistan, empirical results show a decline in
agricultural export trade (1975–2017) attributable to
climate change.54 Moreover, recent evidence suggests
that the welfare losses caused by decreases in food
production, increases in food prices, and decreases
in food consumption cannot be adequately compensated through trade and fiscal policies.

AGRICULTURAL GHG EMISSIONS
In South Asia, GHG emissions from agriculture are
largely attributable to 1) methane emissions from
rice cultivation, 2) application of urea, 3) animal husbandry, 4) burning of crop residues, and 5) use of fossil
energy for irrigation.55 These practices are supported
by government policies that promote their continued
use. Some of the most productive and intensively cultivated areas, like the Punjab and Haryana regions in
the northwest and Bangladesh and West Bengal in the
east, are locked into rice–wheat or rice–rice monocropping by policies. Both state and national governments
provide incentives for farmers to produce these staples through public procurement, price guarantees,
preferential provision of subsidized inputs, and disproportionately large investments in the development of
improved varieties of these two crops (see Chapter 2,
Box 2). The use of urea, a major emitter of nitrous
oxide, is heavily subsidized across the region, especially in irrigated areas, resulting in its widespread
overuse. South Asia has the world’s largest livestock
population, which is another major methane source,
particularly the region’s large bovine population. India
alone is home to 30 percent of the total global bovine
population. Moreover, the share of animal products
in the total value of regional agricultural output is rising; in fact, the livestock sector is benefiting from its
relative resilience to drought. In addition, subsidized
or free fossil-fuel-based electricity is used for pumping water in large areas of India and Pakistan and parts
of northwest Bangladesh, making groundwater irrigation both unsustainable and carbon intensive (see
Chapter 9). Currently, more than 260 km3 of groundwater are extracted every year, largely using fossil fuels.56

ADAPTATION AND MITIGATION ACTIONS
Some proven strategies can make agriculture more
resilient to climate change and mitigate GHG emissions from food production, including changes in
practices and crops, and most importantly in South
Asia, reforming agricultural policies that promote
unsustainable, GHG-intensive practices.

TECHNOLOGIES AND CROP DIVERSIFICATION
Irrigation and soil moisture conservation are perhaps the most widely used and most effective adaptive
strategies at the farm level for building resilience to
droughts, dry spells, and high degree days. However,
increases in water requirements for crops and the
demand for irrigation in a warming world may worsen
water scarcity.57 Rationalization of electricity subsidies
and use of grid-connected solar pumps can support
increased use of irrigation while reducing GHG emissions. In India, for example, solar irrigation pumps
could reduce the country’s CO2 emissions from agriculture by 8–11 percent.
Diversification to crops more resilient to higher
temperatures (such as maize) and moisture stress
(coarse cereals, legumes) and allied activities (animal
husbandry, poultry, and fisheries) can also support
farm-level adaptation. Switching from rice to other crops
in the water-scarce northwest and peninsular India will
reduce GHG emissions, save scarce water and energy
used for irrigation, and reduce crop residue burning.
Moreover, the area under rice could be reduced in the
region without threatening food security.58
Agricultural mechanization is reducing farmers’ reliance on cattle for draught power and allowing animal
husbandry to specialize in milk and meat production,
thus leading to a gradual reduction in the cattle population while increasing its economic value. However, in
India, recent changes in government policies may have
slowed the reduction of unproductive cattle.

POLICY REFORMS
Rationalizing food, fuel, and fertilizer policies can support both adaptation to climate change and mitigation
of GHG emissions. Switching to crop-neutral food policies, including allocation of resources for R&D and
other input and output subsidies, can help reduce
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GHG emissions from food production and make agriculture more resilient to climate change. Four major
reforms are worth considering.
Increase investment in R&D. Countries in South
Asia underinvest in agricultural R&D. As of 2009, the
region invested $0.21 to $0.40 in agricultural research
for every $100 of agricultural output, well below the
$0.61 invested by sub-Saharan African countries and
$1.14 by Latin American and Caribbean countries.59
Governments in the region should increase budget
allocations for agricultural research and direct a larger
share of this budget to non-cereal crops and allied sectors (livestock and fisheries), given their rising share in
agricultural GDP (see Chapter 4).
Reform fertilizer subsidies. Lowering the subsidy
on urea could help reduce emissions of nitrous oxide.
Urea is heavily subsidized in all large South Asian
countries, and its excessive application is common.
Governments hesitate to decontrol the price of urea,
fearing strident opposition from farmers.60 For example, when implementing its nutrient-based subsidy in
2010, India’s government partially decontrolled the
prices of other fertilizers but left the subsidy for urea
untouched. A sharp increase in the price of urea may
be politically unfeasible, but a gradual reduction in
the subsidy may be possible. India used this strategy successfully to phase out its diesel fuel subsidy.
Switching to non-distortionary direct cash transfers for
fertilizer subsidies is another option that South Asian
governments have tried or are seriously considering.61
However, successful implementation of a direct cash
transfer system requires significant investments in data
and monitoring systems.62
Reform energy policies. Electricity use for irrigation is
heavily subsidized or free in India, resulting in wasteful use of energy and water and high GHG emissions.
Proposals to raise electricity rates are deemed politically unviable, but governments are exploring other
ways to reduce use of grid electricity for irrigation.
One such scheme in India, PM-KUSUM, aims to convert a million irrigation pumps to solar power, which
will decarbonize groundwater irrigation. Connecting
this solar power production to the electricity grid will
allow farmers to use the power to irrigate their land
and/or sell it to the electricity company at a pre-fixed
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price. This option may create incentive for farmers
to use less water and energy for crops.63 Pilot tests
of business models for implementing direct benefit
transfers to subsidize electricity for irrigation — which
in essence pay farmers for saving energy — are also
being tried in some Indian states, including Gujarat,
Karnataka, Punjab, and Rajasthan.64 India’s government proposed switching to a direct transfer subsidy
in the 2021 Electricity Amendments Bill, but dropped
this option in response to strong objections from farmers and other stakeholders. The rollback suggests that
such reforms should be undertaken by the state governments, which are responsible for distribution and
supply of power to rural and urban consumers.
Reform agricultural support. Guaranteed prices for
two main cereals (rice and wheat) in much of South
Asia have led to overproduction of these crops and
disincentivized crop diversification. Given high methane emissions from paddy, rolling back the output
price subsidy could help reduce GHG emissions
from agriculture. However, resistance from the special interest groups that benefit from these policies
may hamper reform efforts. In one reform effort, the
state government in Haryana, India, is offering a cash
incentive of INR 7,000 (US$92) per acre to farmers
who replace paddy with crops like maize and pulses
in water-scarce areas, but the impact of this incentive
scheme has not yet been assessed.

Climate change presents immediate and long-term
challenges for South Asia. Glacier melt, sea-level rise,
groundwater depletion, extreme weather events, and
frequency of natural hazards are evident and likely to
worsen in the coming decades. Solutions to these challenges are complex, encompassing human activities
in all sectors of the economy at the country, regional,
and global levels. But policy actions within agriculture
can be taken now to support adaptation and mitigatition. Governments in the region can undertake several
critical actions, including scaling up climate-smart technologies, crop diversification, and elimination of policy
incentives that encourage unsustainable use of water,
fossil fuels, fertilizers, and land resources. The political
economy of such reforms will be difficult, as is evident
from recent farmer protests in India, but the cost of
inaction for future generations would be too high.
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The East and Southeast Asia region is among the most
vulnerable to natural hazards and climate change, due
to the high concentration of population and economic
activity along its extensive coastlines and its heavy
reliance on agriculture and other natural resources
to providing livelihoods and income.1 Economies in
the region are slowly diversifying away from agriculture and other natural resource-based activities, but
most countries still depend substantially on these sectors. Agriculture is the largest economic sector for
Cambodia and Lao PDR,2 and remains one of the top
five sectors across the region (with the exceptions of
Singapore and Brunei). Thus, East and Southeast Asian
countries, and especially the agriculture-dependent
communities within them, will suffer climate change
impacts, including threats to the region’s food security.
Moreover, because the region is a major contributor
to global grain exports, most notably rice, the impacts
of climate change in East and Southeast Asia will also
affect food security globally.

CLIMATE CHANGE IMPACTS
AND CHALLENGES
On the production side, East and Southeast Asia are
already experiencing growing intensity and frequency
of extreme weather events, including droughts, floods,
typhoons, and heatwaves, as well as sea level rise, that
are causing significant economic, environmental, and
social damage.3 The Global Climate Risk Index ranked
Myanmar, Philippines, Bangladesh, and Thailand
among the top 10 countries globally most affected
by extreme weather events (Figure 1), and overuse of
chemical inputs and water also endanger long-term
sustainability of agriculture in the region. These
impacts threaten the region’s role as a major producer

of grain and industrial crops (of which the most important are rubber, palm oil, and sugarcane), with many
countries projected to experience a relative decline in
agricultural productivity as climate change progresses
(compared to a scenario with no climate change).4
On the consumption side, rising household
incomes and urbanization have shifted food preferences from cereals toward animal products.
Animal-source foods require more resource-intensive
production and produce more greenhouse gas (GHG)
emissions than plant-based products. Beef generates
the most GHG emissions per kilocalorie consumed and
has the largest water footprint. However, high average
consumption of rice in the region also leads to significant GHG emissions and water use per capita from rice
production.5 This has important implications for land
and water use, as well as for climate change.
Projections from IFPRI’s IMPACT model indicate
that with climate change, average calorie consumption in the region in 2050, compared with a no–climate
change scenario, will be about 3 percent lower and
cereal consumption 5 percent lower. In a no–climate
change scenario, the number of people at risk of
hunger in the region is projected to fall from 268 to
92 million between 2000 and 2050. Climate change
will reduce this progress, and the number of people
at risk of hunger will only fall to 105 million in 2050
under a middle-of-the-road scenario, leaving 13 million
more people at risk of hunger than the no–climate
change scenario.
The region’s agriculture sector will have to adapt
and adjust to climate change impacts over the medium
and longer term; it will also have to contribute to
climate change mitigation. Globally, agriculture currently generates 19–29 percent of total greenhouse
gas (GHG) emissions.6 Emissions from agriculture
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Figure 1 Map of the Global Climate Risk Index 2000 – 2019
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Source: Germanwatch, Global Climate Risk Index 2021 (Bonn: Germanwatch, 2021). www.germanwatch.org/en/cri.

have been highest in Asia over the past 30 years. In
2019, the equivalent of 4.1 billion metric tons of CO2
was produced on agricultural lands in Asia. Among
the regions, South Asia and East Asia have the highest agricultural production-related emissions, followed
by Southeast Asia.7 These emissions are mainly from
deforestation, livestock production, and soil and
nutrient management.8 Therefore, allied to the pressure created by climate change is the need to better
manage the region’s natural resources and find ways
to produce food sustainably. Curbing emissions in
the region is critical to advancing the global climate
change agenda, and the agriculture sector must play
a role.
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POLICIES AND RESPONSES
REGIONAL AND NATIONAL STRATEGIES
Countries in the region have made substantial progress in recognizing climate change issues in their
planning processes, either by explicitly mentioning these issues or identifying means to address
them in their development plans, as identified
in various official communications, including the
National Communications, Nationally Determined
Contributions, Adaptation Plans, and Adaptation
Strategies. The People’s Republic of China (PRC),
Japan, and the Republic of Korea have announced the
ambitious target of carbon neutrality by mid-century.
Common climate change priorities for agriculture and
natural resources are found in East and Southeast

Asian countries: increasing forest cover is a specified target for Cambodia, Lao PDR, Malaysia, and
Myanmar. Sustainable forest management is among
commonly prioritized activities in the region, which
is a major deforestation hotspot due to logging and
clear-cutting for food production, cash crops, and
other agriculture.9 The promotion of climate-resilient
agriculture and farming systems (irrigation, cultivation, crop rotation, livestock/pasture management)
are also priorities.10 At the regional level, under the
broad umbrella of ASEAN regional cooperation on
climate change adaptation, several activities have
been implemented, including capacity building workshops, information exchange workshops, forums, and
implementation of specific projects. An expansion of
regional cooperation from ASEAN countries to countries outside ASEAN will provide opportunities to
enhance adaptation actions in the region.

CLIMATE CHANGE ADAPTATION PRACTICES
The region has a demonstrated commitment to
climate-smart agriculture (CSA) to support adaptation.11 The most common adaptation techniques in the
region are changes in cropping patterns and cropping calendars and improved farm management,
for example, a switch from rice–rice to rice–maize
cropping patterns and use of drought-resistant and
heat-resilient varieties.12 Climate-smart technology
is also an active area of research and implementation in the region. Countries that have made progress
in climate change risk assessments, adaptation planning, and CSA are well placed to share this expertise.
For example, the International Rice Research Institute
(IRRI) has developed the Rice Crop Manager (RCM),
a web-based smartphone application currently
deployed in many parts of the Philippines and Viet
Nam.13 The RCM app enables agricultural extension
staff to support sustainable productivity gains for poor
rice farmers through cost-effective crop management.
Starting in 2015, the CGIAR Research Program
on Climate Change, Agriculture and Food Security
(CCAFS) began scaling up CSA practices using the
climate-smart village approach in Southeast Asia,
bringing tailored CSA interventions to target communities through continuous participatory research and
evaluation. With the efforts of various partners, the initial 7 climate-smart villages have grown to 90. Based

on this experience in Cambodia, Lao PDR, Myanmar,
the Philippines, and Viet Nam, the pathways for scaling
up can be followed through knowledge transfer, policy
incidence, and commercialization.14

CLIMATE CHANGE MITIGATION PRACTICES
Adaptation can make a substantial contribution to
reducing the damages expected from climate change,
but would not be sufficient on its own. Mitigation
practices can generate significant synergies with adaptation by improving ecosystem functioning, increasing
water availability, and improving resilience to drought,
pests, and other threats. A range of existing technologies and management actions could be deployed
now, including improved crop and grazing land management; site-specific nutrient management based
on crop needs; restoration of degraded lands and
soils; livestock management; manure and bio-solid
management; and sustainable and bio-energy use.15
Progress in implementing these practices in the
region has been slow and efforts are needed to accelerate their adoption. Projections for China suggest
that the combination of improving agricultural technologies, reducing food loss and waste, and shifting
dietary patterns could reduce GHG emissions from the
food system by 47 percent as of 2060.16 Therefore, to
address climate change, a comprehensive emissions
reduction strategy should be formulated for the whole
agrifood system — from farm to consumer.

FINANCING CLIMATE CHANGE MITIGATION AND
ADAPTATION
New ways of financing climate change adaptation
and mitigation must be found. Estimates of financing needs for the region vary widely, reflecting the
uncertainties associated with potential climate change
scenarios and their likely impact. However, emerging
estimates of the additional investment needed indicate a financial gap of hundreds of billions of dollars
every year for several decades to come (see Chapters
2 and 5).17
Financial support to smallholder farmers is required
to address the multiyear gap between investments and
financial benefits if they are to adopt climate-smart
practices. In particular, transition financing involving
the use of loans wherein repayment terms are pushed
back to accommodate multiyear return gaps should be
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considered (see Chapter 9). Access to transition funds
would help farmers to cover upfront costs for seed
and new equipment that farmers face when adopting
climate-smart practices.
Where upfront costs are not entailed, farmers can
benefit from payment schemes for environmental services. Governments can create incentives through
public payments (or charges) to private resource users
for the enhancement (or degradation) of ecosystem
services.18 For example, payment for environmental services (PES) can be designed to compensate
resource managers for the maintenance or restoration
of environmental services such as clean water. China
has conducted numerous national, provincial, and
local experiments over the past decade with different forms of eco-compensation, focused primarily on
water resources management.

LOOKING FORWARD
With climate change expected to put downward
pressure on yield growth of many crops, the role of
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agricultural research and development (R&D) and
innovation systems will become increasingly important
for agricultural development. For East and Southeast
Asian countries, compared with other countries at a
similar level of development, there appears to be significant scope to increase investments in R&D and
innovation systems to help safeguard future levels
of productivity growth and to mitigate some of the
expected effects of climate change.19
For some countries, reform of distorting trade policies and agricultural input and output price support
policies is needed (see Chapters 2 and 3). For example, in the Philippines, support policies for rice work
against incentives for adaptation and can increase
producers’ exposure to climate risks.20 Similarly, for
the region as a whole, current trade distortions and
war-fueled reemergence of food inflation have the
potential to magnify the global price effects from climate change.
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movement restrictions and the allocation of public funding.3 Human capital has been affected by the
interruption in education; nutritional problems associated with insufficient and less healthy diets; and
the strain on job skills and abilities due to long unemployment periods. Currently, much is still unknown
about the dynamics of the pandemic, both in LAC and
globally, but COVID-19 appears likely to become an
endemic condition with long-term implications for
societies, economies, and human health.
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Food systems in Latin America and the Caribbean
(LAC) play a vital role in the region’s economies, in
global food security, and in the global response to climate change. They operate, however, within a region
that has suffered from economic stagnation in recent
years. While LAC enjoyed annual growth of 2.1 percent
in per capita incomes between 2000 and 2011 as the
commodity cycle was trending upward (even with the
2008–2009 global crisis), when the cycle turned downward, per capita growth fell to a meager 0.2 percent
per year until 2019. The region's economies experienced the worst eight years since the 1980s, and the
stagnation affected political stability in LAC.1 Then
COVID-19 hit. Despite having only about 8 percent of
the world’s population, the region recorded more than
30 percent of global COVID-related deaths. Several
factors have made LAC particularly vulnerable to the
pandemic, including its high level of urbanization, significant income inequality (which also limits access to
high-quality health services), informality of labor markets, prevalence of obesity, and the ongoing economic
stagnation.2
In 2020, due to the pandemic, LAC experienced
the deepest economic recession among developing regions, and recovery is expected to be slow
(Figure 1). Governments in LAC countries reacted to
the pandemic with lockdowns and various health initiatives, while also increasing economic and social
interventions to mitigate the negative impacts of
lost income and employment. Most countries have
suffered significant health and economic setbacks,
despite implementing diverse policies in regard to
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In the very short term, it is necessary to increase
vaccination coverage, reinforce prevention policies,
and strengthen access to and provision of healthcare in LAC. As of mid-October 2021, large disparities
in vaccination rates existed in the region (Figure 2).
Vaccination coverage in some countries is above
the average for developed nations, while in others,
vaccination rates are below those of lower-income
developing countries.
For the longer term, LAC countries, like all developing countries, require integrated recovery programs
that are coordinated at the highest governmental
level. These are needed to alleviate the economic and
human costs of the pandemic and to contend with
preexisting economic and social problems, while also
tackling the current and future challenges of climate
change.
These programs will require strong support from
the international community, including debt restructuring and write-offs, and from multilateral development
banks operating in the region (see Chapter 5). The

Special Drawing Rights (SDRs) recently allocated by
the International Monetary Fund will need to be used
more creatively to set up a trust fund that guarantees
the issuance of bonds to finance pandemic recovery
programs and a climate-positive transformation of
economies, including food systems.4

LAC’S ROLE IN GLOBAL FOOD
SECURITY AND SUSTAINABILITY
Agrifood systems in the LAC region are crucial to food
security at both the national and global levels. LAC is
the world's largest net food- and agriculture-exporting
region (exceeding the combined value of the United
States, Canada, Australia, and New Zealand), making it pivotal to global food security. The region is also
critical to global environmental sustainability and biodiversity: it holds about 36 percent of the CO2eq stock
kept in all forests worldwide and more than a third of
the total global volume of renewable water resources.
Of the world’s top ten most biodiverse countries,

Figure 2 Population fully vaccinated in LAC countries, compared to global rates of vaccination
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six are located in the region, including the two most
biodiverse countries.5 The LAC region also contains about 23 percent of the world's forested areas.
Environmental and biodiversity functions are closely
interlinked with forest cover and ecosystem integrity.
However, deforestation continues to increase, with the
region’s forested area declining from 1.07 billion hectares in the early 1990s to 932 million hectares in 2020.6
Deforestation has led to increases in greenhouse gas
emissions, and reduced positive contributions to the
oxygen and water cycle, carbon sequestration, and the
preservation of biodiversity.7
Several international agreements and partnerships
aim to reduce deforestation and forest degradation.
Policy implementation research could inform choices
and guide the development of solutions for the underlying problems of forest governance. However, the
success of these efforts depends on the integration of lessons learned from implementing previous
international conventions, forest laws, and other environmental policies.8 The Glasgow Leaders’ Declaration
on Forests and Land Use 9 represents a new opportunity to reverse current trends; this declaration was
signed by 141 countries, including Brazil and most LAC
countries with large forested areas. Changes in overall
incentives (such as through adequate pricing of carbon) and supportive financing will also be necessary
(see Chapter 5).
Two key priorities of the 2030 Agenda for
Sustainable Development are preserving the planet
and providing food that is sufficient, safe, affordable,
and nutritious. These priorities are not easily reconciled, however.10 In addition to the LAC region’s dual
roles for global food security and environmental sustainability, agrifood systems are very important for
individual countries’ economic development, poverty
alleviation, food security, population retention, and
crime reduction, particularly in rural areas. Achieving
these multiple goals will require major efforts to scale
up innovations and investments in the intensification of
sustainable agriculture and to transform food systems
to make them carbon neutral.

OVERVIEW OF INNOVATIONS, POLICY
OPTIONS, AND OBSTACLES11
LAC countries have long been experimenting with different innovations and policy approaches, in many
cases with support from CGIAR centers. Here we focus
on the most recent ones.
Climate-smart agriculture technologies. The most
promising climate-smart agriculture (CSA) technology clusters in the region include intercropping,
green manures/cover crops, organic inputs, silvopasture, conservation agriculture, mulching, improved
pastures, stress-tolerant crops, and adequate management of grazing, fertilizer, and water use. Local
strategies are key to tailoring CSA innovations to
farmers’ needs, including preserving or improving
genetic diversity to strengthen resilience and applying alternate wetting and drying (AWD) for water-use
efficiency and emissions reductions. Those innovations generate co-benefits and “multiple wins” that are
key to strengthening resilience and attaining global
goals such as the Sustainable Development Goals
and the Paris Agreement on mitigation and adaptation. As these technology clusters are scaled up,
context-specific opportunities and limitations within
LAC must be considered.
Water quality and efficiency. The development of
water-smart strategies requires addressing information
gaps on water quality and sources of contamination,
as well as implementing policies to address sources
of water pollution in the long term. Innovations in
water-efficient irrigation infrastructure, drip irrigation,
and supportive policies are crucial, given that agriculture uses 70 percent of water in LAC and many farmers
still depend on rainfed systems.
Restoration of degraded landscapes. LAC has
large degraded landscape areas with low agricultural
productivity. Restoring these degraded landscapes
presents an opportunity to enhance habitat connectivity, protect biodiversity, and increase ecosystem
services, while also fostering community-based activities and supporting livelihoods through sustainable
business models.
Sustainable livestock systems. LAC produces
approximately 26 percent of the world’s bovine meat
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and exports nearly 20 percent of its own production,
representing about 28 percent of global bovine meat
exports (average 2015–2019).12 The livestock sector is
an important source of employment in the region, particularly for small farmers,13 but it poses environmental
challenges. To address these issues, the LAC region
is pursuing various innovations to increase profitability, reduce emissions, and limit land degradation and
land use conversion, including silvopastoral systems of
varying intensity, site-specific agriculture for pastures
(which adjusts practices and inputs to specific locations), and plot division and rotational grazing.
Biodiversity in agricultural landscapes.
Agroecological knowledge must be incorporated into
agricultural practices to reduce pests and disease,
mitigate climate change, promote crop pollination,
and restore soils, landscapes, and ecosystem services. These goals align with the priorities set by
the UN’s Post-2020 Global Biodiversity Framework.
Agroecological approaches can be combined with
other production applications to advance the technology frontier and offer flexibility in the selection of the
appropriate mix of technologies.
Ancestral practices. LAC benefits from ancestral
knowledge that could be combined with CSA practices to strengthen resilience to climate change. This
traditional knowledge includes bio-indicators for predicting climate variability, wild genetic diversity (such
as potato landraces in Peru), and platforms, terraces,
canals, and ponds that can conserve soil and retain
water. Furthermore, the strong social base of local
communities can support governance mechanisms to
reduce land use change.
Institutional innovations. The promotion and scaling up of technological solutions will require strong
and sound institutions, cross-sector coordination,
and appropriate policies. The region’s Local Technical
Agroclimatic Committees (LTAC) are one example of
a relevant institutional innovation in Latin America.
These committees, which are set up by governments in
close collaboration with local actors, help smallholder
farmers to prepare for climate change. LTACs develop
local and regional forecasts showing potential effects
on crops, and they introduce ways to reduce vulnerability and negative impacts (such as alternative dates
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for sowing and irrigation). These committees are now
present in Chile, Colombia, El Salvador, Guatemala,
Honduras, Mexico, Nicaragua, Panama, Paraguay,
and Peru. LTACs can identify and promote bundles
of technologies and services that are appropriate to
local conditions and needs, and share these through
South–South technical exchanges to strengthen the
management of climate risk at a regional level.
Digital agriculture for climate action. In LAC,
investments in digital agricultural technology are still
low.14 CSA strategies should make use of the digitalization of agriculture to innovate with agroclimatic
services and virtual roundtables for farmers and entrepreneurs; promote knowledge-sharing, data-driven
agronomy, and digital extension through the internet of things; and employ simulation modeling and
peer-to-peer learning (see Chapter 12).
Barriers to CSA adoption and possible solutions.
Common barriers to CSA adoption include limited
access to training and information and to credit and
markets, limited availability of required inputs (such as
improved seeds), and high costs of equipment (such
as irrigation facilities). Furthermore, the global crisis driven by the pandemic and, more recently, the
conflict in Ukraine is increasing inflation in LAC and
causing key agricultural inputs, such as fertilizers, to
become scarce and expensive. Measures to counter
the effects of these crises include lowering trade tariffs
for agricultural inputs and producing alternative inputs
on site (such as compost). Other solutions include further expanding LTACs, designing country-based CSA
investment plans, and promoting financial alternatives
for scaling up CSA best practices. The LAC region has
great potential to implement practices that increase
carbon sequestration (using appropriate soil and vegetation maps), leverage carbon markets and credits,
and take advantage of COP26 agreements on the
operationalization of these tools.

BUILDING BACK BETTER
Countries in the LAC region have been experimenting
with and scaling up a variety of innovations, in many
cases with support from CGIAR centers. These innovations relate to modern crop and livestock production
and management techniques, promote low-emissions

agricultural practices and technologies, strengthen
national research organizations to deliver more
nutritious and climate-resilient varieties, use local
knowledge and practices, expand climate information
services, and experiment with new finance partnerships. The private sector, including small and medium
enterprises and entrepreneurs, could play a bigger
role in promoting the adoption of environmentally
friendly technologies, and private-public partnerships
could help support the availability and financing of
these technologies as well as the monitoring of policy
schemes with environmental objectives (for example,
through certification and accountability).

LAC is still suffering from the crisis caused by the
pandemic and compounded recently by the war in
Ukraine, which may affect its key role for both global
food security and environmental sustainability.
Countries in the region need to develop and effectively implement comprehensive public programs to
“build back better” from the pandemic and transform
food systems, with a strong application of science,
technology, and innovation, while taking advantage
of ancestral knowledge. All this will require significant
financing and support from international stakeholders,
as well as financial and political commitment from the
governments in LAC (see Chapter 5). Failure to do so
will not only affect the region, but the whole world.
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PROJECTIONS FROM IFPRI’S IMPACT MODEL:
CLIMATE CHANGE AND FOOD SYSTEMS
POLICYMAKERS, ANALYSTS, AND CIVIL SOCIETY FACE INCREASING CHALLENGES TO
reducing hunger and sustainably improving food security. Modeling alternative future scenarios
and assessing their outcomes can help inform policy choices. The International Food Policy
Research Institute’s IMPACT model is an integrated system of linked economic, climate, water,
and crop models that allows for the exploration of such scenarios.
METHODOLOGY
The IMPACT model was used to evaluate impacts of climate
change on aggregate food production, food consumption
(kcal per person per day), net trade of major food commodity groups, and the population at risk of hunger. At IMPACT’s
core is a partial equilibrium, multimarket economic model
that simulates national and international agricultural markets. Links to climate, water, and crop models support the
integrated study of changing environmental, biophysical,
and socioeconomic trends, allowing for in-depth analysis of a variety of critical issues of interest to policymakers
at national, regional, and global levels. IMPACT benefits
from close interactions with scientists across CGIAR and
other leading global economic modeling efforts around the
world through the Agricultural Model Intercomparison and
Improvement Project (AgMIP).

KEY FINDINGS FROM GLOBAL AND
REGIONAL AGGREGATIONS
The following tables summarize results from the latest
IMPACT projections to 2030 and 2050, for a scenario that
includes the impacts of climate change and a “baseline”
scenario that assumes no climate change (for comparison). These results update previous projections by showing
aggregations to six regions: Central and West Asia and
North Africa; Eastern and Southern Africa; Latin America
and the Caribbean; South Asia; Southeast Asia; West and
Central Africa; and the rest of the world. The baseline projections indicate that global food production will grow by
about 60 percent over 2010 levels by 2050 in the context of
climate change — 8 percentage points less than would be

the case without climate change (Table 1). Production and
demand are projected to grow more rapidly in developing
countries, particularly in Africa, than in developed countries, due to projected growth in population and incomes.
However, the long-term impacts of COVID-19 and other
current geopolitical factors have not yet been incorporated in these projections. Diets are also shifting toward
higher-value foods, including more fruits and vegetables, processed foods, and animal-source foods, outside
of high-income countries. Meat production is projected to
double in South Asia and West and Central Africa by 2030
and triple by 2050 (Table 2). Despite this growth, per capita consumption levels in developing countries will remain
less than half of those in developed countries. The demand
for processed foods also shows up in the growing production of oil crops; by 2050 production is expected to more
than double in Southeast Asia and West and Central Africa.
Production of fruit and vegetables is projected to more than
double in most regions (Central and West Asia and North
Africa; East and Southern Africa; and West and Central
Africa) by 2050. By the same year, average dietary energy
consumption is projected to increase by about 10 percent
globally to more than 3,000 kcal per capita per day.
However, regional differences in access to food mean that
nearly 500 million people are projected to remain at risk of
hunger. Globally, about 70 million more people will be at
risk of hunger because of climate change, including more
than 28 million in East and Southern Africa.
Notes following the tables provide additional details on the
data. For more information about IMPACT, see https://www.
ifpri.org/project/ifpri-impact-model.
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Table 1a Aggregate food production (index, 2010 = 1.00)
Without CC
Region

2010

2030

With CC
2050

2030

2050

Without CC

With CC

Region

2010

2030

2050

2030

2050

Mozambique

1.000

1.264

1.388

1.178

1.216

Namibia

1.000

1.379

1.696

1.364

1.673

Rwanda

1.000

1.683

2.253

1.270

1.311

1.717

Somalia

1.000

2.086

3.898

1.947

3.468

1.785

South Africa

1.000

1.495

1.869

1.477

1.793

1.226

1.318

Swaziland

1.000

1.537

1.849

1.465

1.678

1.856

1.156

1.266

1.640

2.424

1.563

2.227

1.430

1.912

Tanzania, United
Rep.

1.000

1.962

1.348

1.581

1.330

1.509

Uganda

1.000

1.894

3.055

1.778

2.712

1.000

1.483

1.962

1.520

2.055

Zambia

1.000

1.535

2.037

1.467

1.855

Iraq

1.000

1.770

3.155

1.750

3.100

Zimbabwe

1.000

2.141

3.186

2.058

2.942

Israel

1.000

1.695

2.688

1.658

2.509

EUROPE

1.000

1.146

1.276

1.116

1.218

Jordan

1.000

1.728

2.515

1.819

2.737

Albania

1.000

1.344

1.686

1.317

1.594

Kazakhstan

1.000

1.340

1.590

1.298

1.493

Austria

1.000

1.182

1.391

1.248

1.545

Kyrgyzstan

1.000

1.407

1.833

1.668

2.502

Baltic States

1.000

1.197

1.286

1.279

1.455

Lebanon

1.000

1.512

1.956

1.548

2.032

Belgium-Luxembourg

1.000

1.125

1.232

1.097

1.161

Libya

1.000

1.649

2.280

1.620

2.191

Bulgaria

1.000

1.208

1.340

1.139

1.202

Morocco

1.000

1.613

2.274

1.428

1.828

Croatia

1.000

1.153

1.258

1.011

0.965

Palestine

1.000

1.769

2.591

1.640

2.247

Czech Republic

1.000

1.183

1.300

1.269

1.517

Rest of Arabia

1.000

1.933

3.133

2.037

3.450

Denmark

1.000

1.080

1.161

1.128

1.267

Saudi Arabia

1.000

1.762

2.740

1.755

2.709

Finland

1.000

1.043

1.092

1.222

1.466

Sudan

1.000

1.744

2.469

1.446

1.761

France

1.000

1.075

1.155

1.013

1.032

Syria

1.000

1.560

2.163

1.671

2.545

Germany

1.000

1.091

1.205

1.101

1.222

Tajikistan

1.000

1.254

1.427

1.218

1.329

Greece

1.000

1.300

1.618

1.211

1.382

Tunisia

1.000

1.657

2.498

1.428

1.857

Hungary

1.000

1.138

1.237

1.043

1.043

Turkey

1.000

1.401

1.601

1.441

1.701

Iceland

1.000

1.298

1.559

1.305

1.560

Turkmenistan

1.000

1.410

1.681

1.373

1.616

Ireland

1.000

1.048

1.054

1.086

1.143

Uzbekistan

1.000

1.281

1.491

1.266

1.455

Italy

1.000

1.179

1.360

1.077

1.132

Yemen

1.000

1.809

3.065

1.932

3.290

Netherlands

1.000

1.157

1.296

1.190

1.338

1.543

Norway

1.000

1.132

1.268

1.281

1.602

Other Balkans

1.000

1.201

1.331

1.081

1.076

Poland

1.000

1.229

1.372

1.253

1.495

Portugal

1.000

1.191

1.394

1.186

1.377

Romania

1.000

1.181

1.289

1.080

1.096

Slovakia

1.000

1.155

1.247

1.183

1.324

CENTRAL & WEST
ASIA & NORTH
AFRICA

1.000

1.487

1.954

1.468

1.919

Afghanistan

1.000

1.335

1.728

1.337

1.758

Algeria

1.000

1.544

2.023

1.423

Armenia

1.000

1.278

1.421

1.445

Azerbaijan

1.000

1.296

1.490

Cyprus

1.000

1.399

Egypt

1.000

1.469

Georgia

1.000

Iran

EAST ASIA &
PACIFIC

1.000

Australia

1.000

1.356

1.662

1.273

1.480

Japan

1.000

1.239

1.518

1.302

1.690

New Zealand

1.000

1.284

1.558

1.365

1.739

South Korea (ROK)

1.000

1.246

1.434

1.252

1.436

EAST & SOUTHERN AFRICA

1.000

1.646

2.390

1.574

2.203

Slovenia

1.000

1.195

1.321

1.100

1.135

Botswana

1.000

1.617

2.134

1.712

2.383

Spain

1.000

1.196

1.409

1.150

1.300

Burundi

1.000

1.664

2.266

1.613

2.131

Sweden

1.000

1.055

1.113

1.184

1.401

Djibouti

1.000

1.911

3.636

1.945

3.769

Switzerland

1.000

1.226

1.487

1.277

1.608

Eritrea

1.000

1.722

2.754

1.620

2.523

United Kingdom

1.000

1.032

1.038

1.053

1.107

Ethiopia

1.000

1.652

2.452

1.657

2.477

EURplus (EUR+FSU)

1.000

1.174

1.309

1.135

1.248

Kenya

1.000

1.756

3.121

1.794

3.134

1.000

1.240

1.386

1.178

1.316

Lesotho

1.000

1.617

2.085

1.699

2.264

FORMER SOVIET
UNION

Madagascar

1.000

1.563

2.248

1.604

2.397

Belarus

1.000

1.229

1.305

1.069

0.998

Malawi

1.000

1.598

2.118

1.301

1.429

Moldova

1.000

1.226

1.380

1.214

1.399

1.293

1.563

1.281
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Table 1a Aggregate food production (index, 2010 = 1.00)
Without CC

With CC

Without CC

With CC

Region

2010

2030

2050

2030

2050

Region

2010

2030

2050

2030

2050

Russia

1.000

1.258

1.438

1.227

1.430

Malaysia

1.000

1.231

1.393

1.224

1.370

Ukraine

1.000

1.212

1.313

1.114

1.183

Mongolia

1.000

1.659

2.265

1.748

2.446

Myanmar

1.000

1.347

1.552

1.335

1.525

North Korea

1.000

1.173

1.293

1.222

1.399

Other Indian Ocean

1.000

1.251

1.520

1.250

1.516

Other Pacific Ocean

1.000

1.229

1.452

1.190

1.356

LATIN AMERICA &
CARIBBEAN

1.000

1.455

1.831

1.411

1.716

Argentina

1.000

1.417

1.748

1.418

1.741

Belize

1.000

1.136

1.235

0.959

0.857

Bolivia

1.000

1.529

2.028

1.584

2.201

Brazil

1.000

1.520

1.946

1.412

1.657

Other Southeast
Asia

1.000

1.513

2.010

1.495

1.980

Chile

1.000

1.476

1.881

1.584

2.154

Papua New Guinea

1.000

1.432

1.879

1.464

1.970

Colombia

1.000

1.402

1.753

1.495

1.989

Philippines

1.000

1.325

1.676

1.313

1.654

Costa Rica

1.000

1.276

1.486

1.238

1.410

Solomon Islands

1.000

1.295

1.607

1.230

1.454

Cuba

1.000

1.313

1.539

1.084

1.062

Thailand

1.000

1.150

1.240

1.091

1.114

Dominican Republic

1.000

1.420

1.789

1.473

1.911

Timor l'Este

1.000

1.366

1.748

1.352

1.715

Ecuador

1.000

1.475

1.898

1.581

2.191

Vanuatu

1.000

1.263

1.578

1.226

1.477

El Salvador

1.000

1.394

1.772

1.392

1.748

Viet Nam

1.000

1.247

1.360

1.193

1.236

Guatemala

1.000

1.384

1.775

1.226

1.379

1.000

1.631

2.367

1.562

2.179

Guyanas

1.000

1.374

1.679

1.385

1.704

WEST & CENTRAL
AFRICA

Haiti

1.000

1.508

2.069

1.518

2.090

Angola

1.000

1.385

1.632

1.247

1.318

Honduras

1.000

1.376

1.747

1.234

1.421

Benin

1.000

1.694

2.465

1.569

2.129

Jamaica

1.000

1.206

1.415

1.148

1.279

Burkina Faso

1.000

1.627

2.369

1.526

2.104

Mexico

1.000

1.351

1.619

1.311

1.534

Cameroon

1.000

1.851

2.845

1.689

2.381

Nicaragua

1.000

1.505

2.108

1.388

1.808

Central African Rep.

1.000

1.813

2.790

1.723

2.531

Other Caribbean

1.000

1.273

1.535

1.232

1.439

Chad

1.000

1.606

2.350

1.512

2.102

Panama

1.000

1.465

1.833

1.452

1.800

Congo, Rep. of

1.000

1.644

2.295

1.562

2.071

Paraguay

1.000

1.572

2.170

1.488

1.961

DRC

1.000

1.718

2.492

1.678

2.389

Peru

1.000

1.456

1.780

1.699

2.430

Equatorial Guinea

1.000

1.569

2.002

1.523

1.896

Uruguay

1.000

1.418

1.678

1.447

1.750

Gabon

1.000

1.558

2.025

1.518

1.911

Venezuela

1.000

1.397

1.737

1.286

1.477

Gambia

1.000

1.763

2.763

1.593

2.273

NORTH AMERICA

1.000

1.294

1.582

1.159

1.295

Ghana

1.000

1.654

2.307

1.591

2.137

Canada

1.000

1.284

1.666

1.312

1.766

Guinea

1.000

1.874

2.760

1.839

2.666

Greenland

1.000

1.042

1.045

1.042

1.045

Guinea-Bissau

1.000

1.606

2.309

1.603

2.242

USA

1.000

1.295

1.571

1.138

1.231

Côte d’Ivoire

1.000

1.627

2.153

1.623

2.142

SOUTH ASIA

1.000

1.571

2.053

1.499

1.902

Liberia

1.000

1.690

2.410

1.672

2.372

Bangladesh

1.000

1.406

1.632

1.330

1.458

Mali

1.000

1.716

2.879

1.608

2.544

Bhutan

1.000

1.395

1.621

1.485

1.832

Mauritania

1.000

2.059

3.484

1.999

3.222

India

1.000

1.627

2.164

1.549

2.003

Niger

1.000

1.831

3.074

1.663

2.554

Nepal

1.000

1.327

1.601

1.373

1.705

Nigeria

1.000

1.585

2.305

1.530

2.159

Pakistan

1.000

1.329

1.630

1.262

1.493

Other Atlantic

1.000

1.409

1.785

1.561

2.062

Sri Lanka

1.000

1.398

1.732

1.391

1.712

Senegal

1.000

1.784

2.993

1.621

2.371

SOUTHEAST ASIA

1.000

1.238

1.367

1.249

1.396

Sierra Leone

1.000

1.773

2.580

1.703

2.430

Cambodia

1.000

1.176

1.302

1.102

1.155

Togo

1.000

1.818

2.796

1.744

2.612

China, PR

1.000

1.232

1.342

1.255

1.399

WORLD

1.000

1.346

1.641

1.305

1.554

Fiji

1.000

1.158

1.341

1.090

1.176

Indonesia

1.000

1.262

1.466

1.251

1.442

Lao PDR

1.000

1.311

1.553

1.266

1.463

See note at the end of this section for details on
this data.
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Table 1b Per capita food consumption (kcal per capita per day)
Without CC
Region

2010

2030

With CC
2050

2030

2050

Without CC

With CC

Region

2010

2030

2050

2030

2050

Mozambique

2,149

2,425

2,627

2,348

2,480

Namibia

2,261

2,515

2,810

2,449

2,666

Rwanda

2,064

2,536

2,943

2,454

2,775

3,071

Somalia

1,691

1,887

2,389

1,864

2,339

3,138

South Africa

2,962

3,229

3,397

3,156

3,257

3,209

3,163

Swaziland

2,376

2,389

2,769

2,304

2,592

2,551

2,466

2,499

2,398

2,603

2,307

2,434

3,520

3,645

Tanzania, United
Rep.

2,178

3,783

3,554

3,855

3,521

3,763

Uganda

2,391

2,585

2,795

2,518

2,662

3,079

3,109

3,228

3,067

3,126

Zambia

1,924

2,255

2,646

2,144

2,427

Iraq

2,342

2,651

2,773

2,618

2,685

Zimbabwe

2,052

2,269

2,702

2,168

2,510

Israel

3,639

3,810

3,998

3,759

3,872

EUROPE

3,371

3,426

3,526

3,397

3,451

Jordan

3,181

3,469

3,872

3,429

3,767

Albania

2,921

3,066

3,229

3,043

3,160

Kazakhstan

3,111

3,494

3,536

3,457

3,441

Austria

3,711

3,767

3,874

3,733

3,790

Kyrgyzstan

2,762

3,054

3,302

3,014

3,205

Baltic States

3,253

3,384

3,444

3,357

3,380

Lebanon

3,312

3,582

3,719

3,531

3,615

Belgium-Luxembourg

3,699

3,702

3,772

3,671

3,696

Libya

3,215

3,422

3,498

3,383

3,403

Bulgaria

2,784

3,018

3,142

2,992

3,076

Morocco

3,287

3,592

3,856

3,553

3,755

Croatia

2,990

3,063

3,156

3,039

3,096

Palestine

2,271

2,807

3,231

2,758

3,087

Czech Republic

3,321

3,497

3,661

3,472

3,595

Rest of Arabia

3,151

3,294

3,359

3,256

3,265

Denmark

3,334

3,344

3,433

3,319

3,365

Saudi Arabia

2,936

3,055

3,128

3,020

3,045

Finland

3,168

3,184

3,269

3,162

3,208

Sudan

2,329

2,463

2,705

2,427

2,625

France

3,481

3,477

3,552

3,445

3,474

Syria

3,125

3,490

3,887

3,450

3,779

Germany

3,420

3,446

3,540

3,416

3,465

Tajikistan

2,154

2,416

2,577

2,388

2,497

Greece

3,544

3,584

3,730

3,554

3,653

Tunisia

3,287

3,612

3,879

3,572

3,769

Hungary

3,208

3,322

3,485

3,299

3,423

Turkey

3,596

3,661

3,698

3,620

3,596

Iceland

3,254

3,304

3,416

3,279

3,352

Turkmenistan

3,016

3,448

3,468

3,413

3,371

Ireland

3,399

3,444

3,536

3,412

3,458

Uzbekistan

2,563

2,849

3,024

2,820

2,935

Italy

3,507

3,537

3,668

3,504

3,580

Yemen

2,084

2,101

2,315

2,080

2,256

Netherlands

3,193

3,208

3,303

3,180

3,234

3,004

Norway

3,411

3,404

3,437

3,376

3,364

Other Balkans

2,898

3,044

3,163

3,020

3,106

Poland

3,441

3,615

3,734

3,588

3,667

Portugal

3,543

3,595

3,734

3,559

3,646

Romania

3,447

3,640

3,765

3,608

3,686

Slovakia

2,890

3,027

3,144

3,005

3,085

CENTRAL & WEST
ASIA & NORTH
AFRICA

2,963

3,089

3,217

3,049

3,118

Afghanistan

2,149

2,239

2,452

2,206

2,349

Algeria

2,977

3,098

3,163

3,061

Armenia

2,713

3,005

3,228

2,973

Azerbaijan

3,210

3,245

3,264

Cyprus

2,554

2,489

Egypt

3,395

3,580

Georgia

3,091

Iran

EAST ASIA &
PACIFIC

2,906

Australia

3,133

3,213

3,291

3,183

3,221

Japan

2,770

2,787

2,842

2,757

2,773

New Zealand

3,107

3,164

3,305

3,135

3,236

South Korea (ROK)

3,139

3,347

3,429

3,310

3,346

EAST & SOUTHERN AFRICA

2,228

2,441

2,697

2,367

2,553

Slovenia

3,159

3,234

3,348

3,206

3,283

Botswana

2,173

2,435

2,581

2,372

2,453

Spain

3,242

3,227

3,292

3,197

3,221

Burundi

1,965

2,206

2,647

2,156

2,531

Sweden

3,092

3,139

3,217

3,115

3,154

Djibouti

2,227

2,372

2,564

2,330

2,456

Switzerland

3,371

3,411

3,506

3,383

3,435

Eritrea

1,742

1,849

2,211

1,819

2,123

United Kingdom

3,372

3,433

3,543

3,401

3,465

Ethiopia

2,067

2,307

2,614

2,267

2,533

EURplus (EUR+FSU)

3,326

3,427

3,526

3,396

3,450

Kenya

2,133

2,395

2,708

2,300

2,523

3,205

3,429

3,526

3,396

3,445

Lesotho

2,596

2,732

2,882

2,598

2,649

FORMER SOVIET
UNION

Madagascar

1,996

2,118

2,371

2,046

2,214

Belarus

3,088

3,206

3,216

3,175

3,150

Malawi

2,260

2,368

2,523

2,232

2,292

Moldova

2,690

3,045

3,289

3,020

3,220

2,994

3,076

2,962
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Table 1b Per capita food consumption (kcal per capita per day)
Without CC

With CC

Without CC

With CC

Region

2010

2030

2050

2030

2050

Region

2010

2030

2050

2030

2050

Russia

3,227

3,450

3,532

3,417

3,451

Malaysia

2,838

3,173

3,462

3,143

3,383

Ukraine

3,201

3,434

3,581

3,400

3,499

Mongolia

2,353

3,275

3,516

3,235

3,408

Myanmar

2,168

2,468

2,586

2,415

2,479

North Korea (DPR)

2,147

2,094

2,067

2,052

1,988

Other Indian Ocean

1,558

1,798

2,016

1,772

1,947

Other Pacific Ocean

2,184

2,431

2,751

2,398

2,665

LATIN AMERICA &
CARIBBEAN

2,878

3,036

3,184

2,985

3,080

Argentina

3,171

3,327

3,426

3,297

3,354

Belize

2,760

2,820

3,009

2,779

2,920

Bolivia

2,133

2,406

2,687

2,360

2,590

Brazil

3,143

3,336

3,492

3,292

3,398

Other Southeast
Asia

2,990

3,013

2,967

2,967

2,872

Chile

2,911

3,129

3,245

3,086

3,152

Papua New Guinea

2,298

2,789

3,151

2,750

3,063

Colombia

2,645

2,804

2,957

2,759

2,868

Philippines

2,503

2,641

2,777

2,602

2,690

Costa Rica

2,850

3,047

3,202

3,006

3,115

Solomon Islands

2,487

2,770

3,088

2,733

2,998

Cuba

2,913

3,124

3,339

3,071

3,227

Thailand

2,742

3,012

3,183

2,974

3,103

Dominican Republic

2,411

2,616

2,790

2,577

2,707

Timor l'Este

2,085

2,437

2,643

2,386

2,539

Ecuador

2,330

2,502

2,711

2,468

2,637

Vanuatu

2,824

3,094

3,597

3,039

3,467

El Salvador

2,561

2,657

2,822

2,596

2,706

Viet Nam

2,512

2,709

2,827

2,652

2,708

Guatemala

2,375

2,508

2,794

2,447

2,675

2,479

2,730

2,996

2,656

2,846

Guyanas

2,386

2,604

2,768

2,566

2,681

WEST & CENTRAL
AFRICA

Haiti

1,858

2,087

2,382

2,051

2,303

Angola

2,464

2,662

2,678

2,586

2,529

Honduras

2,502

2,672

2,976

2,614

2,863

Benin

2,449

2,565

2,926

2,470

2,741

Jamaica

2,721

2,859

3,258

2,823

3,161

Burkina Faso

2,523

2,693

2,896

2,621

2,765

Mexico

3,040

3,133

3,240

3,053

3,095

Cameroon

2,280

2,534

2,759

2,456

2,605

Nicaragua

2,269

2,488

2,800

2,431

2,685

Central African Rep.

2,003

2,322

2,815

2,255

2,661

Other Caribbean

2,778

3,017

3,261

2,983

3,172

Chad

1,998

2,088

2,377

2,039

2,265

Panama

2,427

2,721

2,831

2,676

2,738

Congo, Rep. of

2,176

2,496

2,746

2,448

2,628

Paraguay

2,667

2,826

3,052

2,772

2,945

DRC

1,948

2,398

3,003

2,330

2,853

Peru

2,472

2,752

2,886

2,700

2,781

Equatorial Guinea

2,707

2,671

2,782

2,601

2,635

Uruguay

2,939

3,138

3,274

3,095

3,177

Gabon

2,695

2,847

3,050

2,773

2,886

Venezuela

2,536

2,626

2,763

2,579

2,669

Gambia

2,467

2,676

2,936

2,612

2,794

NORTH AMERICA

3,713

3,724

3,733

3,685

3,647

Ghana

2,763

3,134

3,249

3,044

3,071

Canada

3,465

3,495

3,581

3,457

3,493

Guinea

2,399

2,995

3,280

2,919

3,122

Greenland

2,707

2,707

2,707

2,707

2,707

Guinea-Bissau

2,214

2,362

2,586

2,287

2,433

United States

3,741

3,750

3,751

3,711

3,665

Côte d”Ivoire

2,734

3,133

3,256

3,048

3,091

SOUTH ASIA

2,365

2,680

2,976

2,634

2,863

Liberia

2,231

2,504

2,715

2,444

2,585

Bangladesh

2,426

2,714

2,911

2,653

2,781

Mali

2,583

2,660

2,864

2,598

2,741

Bhutan

2,166

2,455

2,536

2,363

2,369

Mauritania

2,622

2,949

3,302

2,898

3,160

India

2,354

2,697

2,997

2,651

2,883

Niger

2,425

2,598

2,937

2,548

2,831

Nepal

2,425

2,695

3,186

2,625

3,028

Nigeria

2,751

2,942

3,135

2,862

2,978

Pakistan

2,379

2,540

2,862

2,514

2,787

Other Atlantic

1,895

2,265

2,618

2,231

2,535

Sri Lanka

2,396

2,719

2,909

2,658

2,775

Senegal

2,229

2,384

2,590

2,305

2,426

SOUTHEAST ASIA

2,875

3,335

3,463

3,279

3,340

Sierra Leone

2,112

2,310

2,431

2,250

2,307

Cambodia

2,348

2,515

2,614

2,463

2,508

Togo

2,240

2,480

2,669

2,382

2,484

China, PR

3,047

3,616

3,745

3,562

3,624

WORLD

2,796

3,034

3,192

2,983

3,078

Fiji

2,819

3,107

3,752

3,060

3,615

Indonesia

2,540

2,988

3,279

2,904

3,101

Lao PDR

2,267

2,417

2,483

2,364

2,378
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Table 1c Hunger (millions of people at risk)
Without CC
Region
CENTRAL & WEST
ASIA & NORTH
AFRICA

2010

2030

With CC
2050

2030

Without CC

2050

With CC

2010

2030

2050

2030

2050

Namibia

0.8

0.5

0.2

0.6

0.4

Rwanda

4.0

2.9

2.4

3.3

2.7

Somalia

5.3

5.3

1.3

5.5

1.7

Region

54.6

60.4

55.2

63.9

63.7

Afghanistan

7.0

9.4

7.9

10.1

10.4

Algeria

1.9

1.9

1.9

2.0

2.2

South Africa

1.9

1.5

1.6

1.5

1.6

Armenia

0.2

0.1

0.1

0.1

0.1

Swaziland

0.3

0.3

0.1

0.4

0.2

Azerbaijan

0.2

0.3

0.3

0.3

0.3

15.6

17.8

17.8

20.5

23.3

Cyprus*

0.0

0.0

0.0

0.0

0.0

Tanzania, United
Rep.

Egypt

1.6

2.2

2.5

2.2

2.5

Uganda

8.5

10.4

11.3

11.8

14.0

Georgia

0.4

0.3

0.2

0.3

0.2

Zambia

6.8

6.4

4.2

7.7

6.4

Iran

4.7

5.2

4.4

5.7

5.3

Zimbabwe

4.5

3.3

1.4

3.9

2.1

Iraq

7.8

7.5

8.5

7.9

9.6

EUROPE

7.3

7.0

6.1

7.2

6.9

Israel

0.1

0.1

0.1

0.1

0.1

Albania*

0.0

0.0

0.0

0.0

0.0

Jordan

0.2

0.2

0.3

0.2

0.3

Austria

0.1

0.1

0.1

0.1

0.1

Kazakhstan

0.6

0.4

0.5

0.4

0.5

Baltic States

0.1

0.1

0.0

0.1

0.0

Kyrgyzstan

0.4

0.2

0.2

0.2

0.2

Belgium-Luxembourg

0.1

0.1

0.1

0.1

0.1

Lebanon

0.1

0.1

0.1

0.1

0.1

Bulgaria

0.1

0.1

0.1

0.1

0.1

Libya

0.2

0.2

0.2

0.2

0.2

Croatia

0.1

0.0

0.0

0.0

0.0

Morocco

1.7

1.9

2.0

1.9

2.0

Czech Republic

0.1

0.1

0.1

0.1

0.1

Rest of Arabia

0.2

0.3

0.4

0.3

0.4

Denmark

0.1

0.1

0.1

0.1

0.1

Saudi Arabia

1.3

1.4

1.5

1.5

1.8

Finland

0.1

0.1

0.1

0.1

0.1

11.4

12.8

9.2

13.8

11.1

France

0.9

1.0

0.6

1.0

1.1

Syria

0.8

0.7

0.8

0.7

0.8

Germany

1.2

1.1

1.0

1.1

1.1

Tajikistan

2.9

2.1

1.5

2.2

1.8

Greece

0.1

0.1

0.1

0.1

0.1

Tunisia

0.3

0.2

0.3

0.2

0.3

Hungary

0.2

0.1

0.1

0.1

0.1

Turkey

1.8

2.2

2.4

2.2

2.4

Iceland*

0.0

0.0

0.0

0.0

0.0

Turkmenistan

0.1

0.1

0.2

0.1

0.2

Ireland

0.1

0.1

0.1

0.1

0.1

Uzbekistan

2.4

0.8

0.8

0.9

0.8

Italy

0.6

0.6

0.5

0.6

0.5

Yemen

6.1

9.9

8.9

10.3

10.1

Netherlands

0.2

0.3

0.2

0.3

0.2

EAST ASIA &
PACIFIC

3.2

2.7

2.0

3.1

2.7

Norway

0.1

0.1

0.1

0.1

0.1

Australia

0.3

0.3

0.3

0.3

0.3

Other Balkans

0.5

0.3

0.2

0.3

0.2

Japan

2.3

2.0

1.2

2.3

1.9

Poland

0.5

0.3

0.3

0.3

0.3

New Zealand

0.1

0.1

0.0

0.1

0.1

Portugal

0.1

0.1

0.1

0.1

0.1

South Korea

0.6

0.4

0.4

0.4

0.4

Romania

0.3

0.2

0.1

0.2

0.1

Slovakia*

0.0

0.0

0.0

0.0

0.0

115.9

118.4

91.3

133.9

119.5

Slovenia*

0.0

0.0

0.0

0.0

0.0

Botswana

0.6

0.4

0.3

0.5

0.5

Spain

0.7

0.8

0.8

0.9

0.9

Burundi

3.3

3.2

0.9

3.5

1.5

Sweden

0.1

0.1

0.1

0.2

0.2

Djibouti

0.2

0.2

0.2

0.2

0.2

Switzerland

0.1

0.1

0.1

0.1

0.1

United Kingdom

0.9

1.0

1.0

1.0

1.0

EURplus (EUR+FSU)

9.9

8.7

7.7

9.0

8.5

FORMER SOVIET
UNION

2.5

1.7

1.5

1.7

1.6

Belarus

0.1

0.1

0.1

0.1

0.1

Moldova*

0.0

0.0

0.0

0.0

0.0

Russia

1.8

1.2

1.1

1.2

1.2

Sudan

EAST & SOUTHERN AFRICA

3.3

4.6

3.5

4.8

4.1

Ethiopia

32.7

32.3

22.5

34.7

26.5

Kenya

10.2

8.9

5.0

10.8

8.3

Lesotho

0.2

0.2

0.1

0.2

0.2

Madagascar

6.7

8.8

7.5

9.9

10.1

Malawi

3.3

4.7

5.3

6.0

8.3

Mozambique

7.6

6.7

5.8

7.7

7.5

Eritrea
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Table 1c Hunger (millions of people at risk)
Without CC
Region
Ukraine
LATIN AMERICA &
CARIBBEAN

With CC

Without CC

2010

2030

2050

2030

2050

2010

2030

2050

2030

2050

0.6

0.4

0.3

0.4

0.3

Mongolia

0.7

0.2

0.1

0.2

0.1

28.8

Myanmar

10.5

6.5

4.9

7.2

6.1

North Korea (DPR)

10.2

11.9

11.9

12.7

13.4

Other Indian Ocean

3.0

2.8

2.4

2.9

2.6

Other Pacific Ocean

0.3

0.2

0.1

0.2

0.1

0.2

0.2

0.3

0.3

0.3

39.5

32.1

24.0

35.8

Region

With CC

Argentina

0.7

0.6

0.7

0.6

0.7

Belize

0.0

0.0

0.0

0.0

0.0

Bolivia

2.7

1.8

0.8

2.0

1.2

Brazil

3.7

3.2

3.1

3.2

3.1

Other Southeast
Asia

Chile

0.4

0.3

0.3

0.3

0.3

Papua New Guinea

Colombia

5.0

3.9

2.7

4.5

3.6

Philippines

Costa Rica

0.2

0.2

0.2

0.2

0.2

Cuba

0.5

0.3

0.1

0.3

0.2

Dominican Republic

1.8

1.3

0.9

1.5

Ecuador

2.2

1.7

0.9

El Salvador

0.7

0.4

0.4

Guatemala

2.1

2.2

Guyanas

0.2

Haiti

0.9

0.2

0.3

0.2

0.3

12.1

12.2

11.0

13.2

13.1

Solomon Islands*

0.0

0.0

0.0

0.0

0.0

Thailand

6.2

3.1

1.8

3.5

2.3

1.2

Timor l'Este

0.3

0.2

0.2

0.2

0.2

1.9

1.2

Vanuatu*

0.0

0.0

0.0

0.0

0.0

0.6

0.4

Viet Nam

12.9

9.5

7.2

10.9

9.7

1.3

2.5

1.7

82.5

64.1

50.2

75.7

59.5

0.1

0.1

0.1

0.1

WEST & CENTRAL
AFRICA

5.0

4.4

3.1

4.6

3.5

Angola

4.0

4.6

6.2

5.2

8.1

Honduras

1.1

1.0

0.7

1.1

0.8

Benin

1.2

1.5

0.8

1.8

1.2

Jamaica

0.2

0.1

0.1

0.1

0.1

Burkina Faso

3.5

4.6

5.3

5.1

6.0

Mexico

5.3

5.4

5.3

6.1

6.2

Cameroon

2.8

2.2

1.3

2.6

2.1

Nicaragua

1.2

1.0

0.6

1.1

0.7

Central African Rep.

1.5

1.2

0.5

1.4

0.7

Other Caribbean*

0.1

0.1

0.0

0.1

0.1

Chad

4.8

6.8

5.5

7.3

6.9

Panama

0.5

0.3

0.2

0.3

0.3

Congo, Rep. of

1.3

0.9

0.6

1.1

0.8

Paraguay

0.8

0.6

0.4

0.7

0.4

37.6

20.2

6.7

25.0

6.7

Peru

3.6

2.0

1.4

2.3

1.8

Equatorial Guinea

0.2

0.3

0.3

0.3

0.4

Uruguay*

0.0

0.0

0.0

0.0

0.0

Gabon

0.1

0.1

0.1

0.1

0.1

Venezuela

1.4

1.3

0.7

1.6

1.2

Gambia

0.1

0.1

0.0

0.1

0.1

NORTH AMERICA

3.0

3.6

3.7

3.6

4.0

Ghana

1.6

1.3

0.9

1.4

1.8

Canada

0.5

0.6

0.4

0.6

0.7

Guinea

2.0

1.1

0.4

1.2

0.4

Greenland*

0.0

0.0

0.0

0.0

0.0

Guinea-Bissau

0.4

0.4

0.3

0.5

0.4

United States

2.6

3.0

3.3

3.0

3.3

Côte d’Ivoire

2.8

0.7

0.9

0.7

0.8

SOUTH ASIA

261.5

128.9

79.8

151.6

86.6

Liberia

1.4

1.7

1.8

1.9

2.2

26.0

11.3

6.9

14.8

8.7

Mali

0.5

0.7

0.6

0.8

0.8

0.1

0.0

0.0

0.1

0.1

Mauritania

0.3

0.2

0.1

0.2

0.1

189.7

73.9

45.0

90.6

44.9

Niger

1.8

2.3

2.1

2.6

2.4

2.7

2.0

0.8

2.4

1.5

Nigeria

9.7

8.5

11.6

10.7

11.5

Pakistan

37.6

38.0

24.4

39.9

28.0

Other Atlantic

0.1

0.1

0.0

0.1

0.0

Sri Lanka

5.4

3.5

2.7

3.9

3.3

Senegal

1.8

1.9

1.3

2.3

2.2

268.0

109.1

92.4

116.7

105.5

Sierra Leone

1.7

1.9

2.0

2.1

2.4

2.4

1.9

1.5

2.2

2.0

173.4

45.0

41.2

45.0

41.2

Bangladesh
Bhutan
India
Nepal

SOUTHEAST ASIA
Cambodia
China, PR

0.0

0.0

0.0

0.0

0.0

Indonesia

32.4

12.9

7.2

15.5

11.2

Lao, PDR

1.5

1.4

1.3

1.6

1.7

Malaysia

0.9

0.8

0.9

0.8

0.9

Fiji

DRC

Togo
WORLD

1.3

1.1

0.9

1.4

1.3

838.1

528.0

406.2

593.3

478.7

Note: * 0.0 indicates a number less than 0.1.
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Table 2a Total production (million metric tons)
Without CC
Commodity

Region

With CC

2010

2030

2050

2030

2050

Central & West Asia & North Africa

15

27

43

27

43

East Asia & Pacific

11

13

16

13

15

6

10

15

10

15

Europe

44

52

56

52

55

MEATS

EURplus (EUR+FSU)

52

61

65

61

64

includes pork, beef,
poultry, sheep, and
goats

Former Soviet Union

8

9

9

9

9

Latin America & Caribbean

44

67

85

66

84

North America

45

61

73

60

72

South Asia

10

19

30

19

29

Southeast Asia

88

117

120

116

119

4

7

13

7

13

World

274

381

460

380

455

Central & West Asia & North Africa

153

203

232

197

224

43

55

65

53

60

East & Southern Africa

West & Central Africa

East Asia & Pacific
East & Southern Africa

CEREALS
includes barley, maize,
millet, rice, sorghum,
wheat, and aggregated
other cereals

52

83

112

84

114

Europe

311

319

334

315

339

EURplus (EUR+FSU)

439

490

540

499

573

Former Soviet Union

129

172

206

184

234

Latin America & Caribbean

164

245

322

236

294

North America

436

572

711

478

511

South Asia

274

379

448

357

408

Southeast Asia

537

628

676

633

691

56

91

128

87

116

2,155

2,746

3,235

2,621

2,990

179

292

416

290

412

East Asia & Pacific

41

55

70

57

75

East & Southern Africa

46

85

142

79

125

Europe

156

207

255

195

226

EURplus (EUR+FSU)

196

259

315

244

280

Former Soviet Union

41

52

60

49

54

164

236

299

225

273

91

114

147

114

149

South Asia

156

315

463

298

413

Southeast Asia

669

886

1048

904

1,091

West & Central Africa
World
Central & West Asia & North Africa

FRUITS &
VEGETABLES
includes bananas,
plantains, aggregated
temperate fruits,
aggregated tropical
fruits, and aggregated
vegetables

Latin America & Caribbean
North America

West & Central Africa
World

50

92

145

86

128

1,592

2,334

3,044

2,297

2,945
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Table 2a Total production (million metric tons)
Without CC
Commodity

Region

2010

2030

2050

2030

2050

10

14

17

14

16

East Asia & Pacific

2

2

2

2

2

East & Southern Africa

5

7

9

7

9

Europe

40

53

60

52

58

EURplus (EUR+FSU)

54

71

82

70

80

Former Soviet Union

14

18

21

18

22

Latin America & Caribbean

126

185

216

181

207

North America

110

139

155

134

144

41

52

57

50

52

288

500

680

499

679

48

84

106

81

99

685

1,055

1,325

1,039

1,288

Central & West Asia & North Africa

4

6

8

5

6

Central & West Asia & North Africa

OILS
includes groundnuts,
rapeseed, soybean,
sunflower, and
aggregated other
oilseeds

South Asia
Southeast Asia
West & Central Africa
World

PULSES
includes beans,
chickpeas, cowpeas,
lentils, pigeonpeas,
and aggregated other
pulses

East Asia & Pacific

2

3

3

3

3

East & Southern Africa

5

8

10

8

10

Europe

5

7

9

7

8

EURplus (EUR+FSU)

8

11

14

11

13

Former Soviet Union

3

4

5

4

5

Latin America & Caribbean

7

11

16

11

15

North America

7

10

12

11

15

South Asia

16

21

24

20

23

Southeast Asia

11

14

16

13

16

6

11

18

11

17

World

66

94

121

92

118

Central & West Asia & North Africa

31

41

50

42

50

7

8

9

8

9

East & Southern Africa

53

82

112

75

96

Europe

68

77

82

72

69

EURplus (EUR+FSU)

142

155

152

123

98

Former Soviet Union

74

78

70

52

29

Latin America & Caribbean

60

82

97

83

99

North America

26

29

33

27

28

South Asia

50

74

102

79

119

Southeast Asia

241

268

254

269

251

West & Central Africa

170

266

377

257

353

World

780

1,006

1,185

963

1,103

West & Central Africa

East Asia & Pacific

ROOTS &
TUBERS
includes cassava,
potato, sweet potato,
yams, and aggregated
other roots and tubers

With CC
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Table 2b Per capita food consumption (kg per capita per year)
Without CC
Commodity

Region

With CC

2010

2030

2050

2030

2050

Central & West Asia & North Africa

130

166

202

166

201

East Asia & Pacific

240

303

349

302

346

86

112

156

112

154

Europe

383

389

409

386

404

MEATS

EURplus (EUR+FSU)

342

358

379

356

375

includes pork, beef,
poultry, sheep, and
goats

Former Soviet Union

234

269

287

268

284

Latin America & Caribbean

292

330

359

327

355

North America

479

484

489

482

485

25

43

69

43

69

371

474

493

472

490

51

81

133

80

132

225

255

268

254

266

Central & West Asia & North Africa

1,596

1,595

1,578

1,573

1,516

East Asia & Pacific

1,027

997

973

984

937

East & Southern Africa

1,102

1,174

1,236

1,122

1,137

Europe

934

959

991

948

951

EURplus (EUR+FSU)

993

1,013

1,036

1,001

997

Former Soviet Union

1,150

1,168

1,175

1,158

1,137

Latin America & Caribbean

1,074

1,085

1,085

1,054

1,023

812

812

808

798

768

South Asia

1,360

1,374

1,398

1,345

1,324

Southeast Asia

1,436

1,467

1,467

1,434

1,387

West & Central Africa

1,023

1,100

1,135

1,058

1,054

World

1,267

1,290

1,299

1,261

1,229

Central & West Asia & North Africa

224

239

251

235

243

East Asia & Pacific

177

190

196

188

190

East & Southern Africa

121

157

206

153

196

Europe

212

222

232

219

226

EURplus (EUR+FSU)

197

216

229

213

222

Former Soviet Union

156

197

219

194

212

Latin America & Caribbean

169

196

218

192

210

North America

202

224

228

220

220

South Asia

106

191

336

187

324

Southeast Asia

237

294

301

289

291

West & Central Africa

182

244

314

237

297

World

182

229

279

224

269

East & Southern Africa

South Asia
Southeast Asia
West & Central Africa
World

CEREALS
includes barley, maize,
millet, rice, sorghum,
wheat, and aggregated
other cereals

FRUITS &
VEGETABLES
includes bananas,
plantains, aggregated
temperate fruits,
aggregated tropical
fruits, and aggregated
vegetables

North America
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Table 2b Per capita food consumption (kg per capita per year)
Without CC
Commodity

OILS
includes groundnuts,
rapeseed, soybean,
sunflower, and
aggregated other
oilseeds

Region

2010

2030

2050

2030

2050

Central & West Asia & North Africa

33

37

40

36

37

East Asia & Pacific

98

103

106

98

96

East & Southern Africa

37

44

51

42

46

Europe

25

26

27

25

25

EURplus (EUR+FSU)

22

23

24

22

22

Former Soviet Union

14

14

14

14

14

Latin America & Caribbean

38

38

36

36

33

North America

94

95

94

91

88

South Asia

27

35

34

33

31

117

154

145

150

138

West & Central Africa

89

100

109

95

99

World

64

75

72

73

68

Central & West Asia & North Africa

67

76

84

76

84

Southeast Asia

East Asia & Pacific

15

16

17

16

16

126

154

189

152

185

Europe

29

31

32

31

32

EURplus (EUR+FSU)

26

28

29

28

29

Former Soviet Union

17

19

20

19

20

106

117

129

117

127

East & Southern Africa

PULSES
includes beans,
chickpeas, cowpeas,
lentils, pigeonpeas,
and aggregated other
pulses

Latin America & Caribbean
North America

43

45

46

45

45

South Asia

91

103

114

102

113

Southeast Asia

19

23

26

23

26

110

131

157

129

152

World

61

75

90

74

89

Central & West Asia & North Africa

77

78

78

73

71

East Asia & Pacific

63

64

65

62

62

East & Southern Africa

311

337

347

329

330

Europe

137

134

133

130

127

EURplus (EUR+FSU)

167

162

159

156

151

Former Soviet Union

247

243

240

233

226

Latin America & Caribbean

115

110

105

107

100

North America

104

102

101

97

93

54

70

75

65

67

Southeast Asia

156

162

156

157

148

West & Central Africa

540

543

543

531

521

World

150

165

174

159

165

West & Central Africa

ROOTS &
TUBERS
includes cassava,
potato, sweet potato,
yams, and aggregated
other roots and tubers

With CC

South Asia
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Table 2c Net trade (million metric tons)
Without CC
Commodity

Region
Central & West Asia & North
Africa

MEATS
includes pork, beef,
poultry, sheep, and
goats

2010

2030

With CC
2050

2030

2050

-2,455

-2,929

227

-2,923

132

East Asia & Pacific

-853

-1,284

-470

-1,361

-717

East & Southern Africa

-260

-1,285

-5,036

-1,237

-4,844

1,182

5,639

6,240

5,891

6,439

EURplus (EUR+FSU)

-1,329

2,987

3,302

3,297

3,569

Former Soviet Union

-2,511

-2,652

-2,938

-2,594

-2,870

Latin America & Caribbean

7,163

16,669

25,855

16,726

25,970

North America

4,365

12,479

18,655

12,250

17,826

284

-2,598

-10,436

-2,493

-10,023

-6,313

-21,119

-22,750

-21,387

-22,810

-600

-2,920

-9,348

-2,873

-9,104

Europe

South Asia
Southeast Asia
West & Central Africa
Central & West Asia & North
Africa

-68,611 -109,674 -163,128 -111,688 -157,219

East Asia & Pacific

-27,468

-28,455

-23,209

-30,746

-29,349

East & Southern Africa

-12,236

-24,160

-44,395

-18,282

-28,982

9,411

-24,334

-22,378

-27,767

-19,644

CEREALS

Europe

includes barley, maize,
millet, rice, sorghum,
wheat, and aggregated
other cereals

EURplus (EUR+FSU)

34,805

43,893

85,225

55,403

121,954

Former Soviet Union

25,394

68,227

107,603

83,170

141,598

Latin America & Caribbean

-23,416

-18,355

-5,823

-18,128

-64,180

North America

124,251

208,287

318,137

151,034

192,239

-3,196

-2,414

-41,025

-16,531

-56,842

South Asia
Southeast Asia

-7,168

-32,946

-53,501

24,113

89,961

-16,961

-36,175

-72,282

-35,175

-67,583

2,622

40,435

105,069

42,443

110,119

-6,227

3,042

18,760

5,664

24,871

1,753

1,032

-2,793

-2,912

-13,151

Europe

-6,447

28,465

63,956

18,250

40,291

EURplus (EUR+FSU)

-9,432

28,853

69,385

16,478

40,895

Former Soviet Union

-2,985

388

5,428

-1,773

604

Latin America & Caribbean

46,336

76,306

108,327

67,357

88,710

2,862

-1,683

15,429

37

22,152

West & Central Africa
Central & West Asia & North
Africa

FRUITS &
VEGETABLES
includes banana,
plantain, aggregated
temperate fruits,
aggregated tropical
fruits, and aggregated
vegetables

East Asia & Pacific
East & Southern Africa

North America
South Asia
Southeast Asia
West & Central Africa

-29,416 -126,356 -462,403 -134,965 -479,818
-8,874

-16,915

167,382

14,309

235,812

376

-4,713

-19,157

-8,412

-29,591
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Table 2c Net trade (million metric tons)
Without CC
Commodity

OILS
includes groundnuts,
rapeseed, soybean,
sunflower, and
aggregated other
oilseeds

Region

2010

-10,690

-8,583

-9,483

East Asia & Pacific

-8,660

-9,231

-9,638

-8,770

-8,688

-150

-559

-1,597

-442

-1,158

Europe

-16,816

-15,778

-15,406

-14,715

-13,369

EURplus (EUR+FSU)

-16,136

-14,070

-12,730

-12,806

-10,330

East & Southern Africa

Former Soviet Union

680

1,709

2,676

1,909

3,039

Latin America & Caribbean

27,240

46,345

56,619

43,482

49,592

North America

31,502

37,319

40,843

34,571

35,589

469

-4,478

-9,659

-4,719

-9,869

-27,189

-45,844

-50,617

-42,493

-43,569

467

-353

-2,531

-241

-2,083

-1,241

-2,124

-3,038

-3,034

-5,173

559

653

784

601

585

-808

-3,388

-7,917

-3,238

-7,464

-1,238

477

2,009

352

1,761

EURplus (EUR+FSU)

-856

1,635

4,167

1,544

4,096

Former Soviet Union

382

1,158

2,158

1,192

2,335

Central & West Asia & North
Africa
East Asia & Pacific
East & Southern Africa
Europe

Latin America & Caribbean

-684

1,150

4,434

667

3,064

3,849

6,041

8,024

7,313

11,363

-2,861

-6,095

-10,021

-6,210

-10,480

1,818

2,165

4,106

2,493

4,786

223

-36

-539

-135

-777

-764

-467

697

2,789

5,480

East Asia & Pacific

-2,954

-2,289

-1,525

-1,878

-1,062

East & Southern Africa

-3,202

-8,713

-14,075

-13,064

-23,305

Europe

-1,585

7,546

12,840

5,153

4,408

EURplus (EUR+FSU)

6,458

23,872

26,350

-1,351

-19,052

Former Soviet Union

8,042

16,325

13,510

-6,505

-23,459

188

11,529

20,352

16,174

29,784

North America
South Asia
Southeast Asia
West & Central Africa
Central & West Asia & North
Africa

includes cassava,
potato, sweet potato,
yams, and aggregated
other roots
and tubers

2050

-9,130

West & Central Africa

ROOTS &
TUBERS

2030

-7,544

Southeast Asia

includes beans,
chickpeas, cowpeas,
lentils, pigeonpeas,
and aggregated other
pulses

2050

Central & West Asia & North
Africa

South Asia

PULSES

2030

With CC

Latin America & Caribbean
North America

-444

-1,358

-1,258

-1,901

-3,198

-6,127

-23,917

-30,065

-12,219

1,702

Southeast Asia

4,310

3,011

13,391

15,474

28,083

West & Central Africa

2,536

-1,670

-13,868

-4,024

-18,432

South Asia
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TABLE 1 NOTE

TABLE 2 NOTE

World and regional figures include other regions
and countries not reported separately. Aggregate
food production is an index, by weight, of cereals,
meats, fruits and vegetables, oilseeds, pulses, and
roots and tubers (which are reported separately in
Table 2). Per capita food consumption is a projection of daily dietary energy supply. Estimates of the
number of people at risk of hunger are based on a
quadratic specification of the relationship between
national-level calorie supply and the share of population that is undernourished as defined by the FAO.
Values reported for 2010 are calibrated model results.
Projections for 2030 and 2050 assume changes in
population and income as reflected in the IPCC’s
Shared Socioeconomic Pathway 2. Climate change
impacts are simulated using the IPCC’s Representative
Concentration Pathway 8.5 and the HadGEM general
circulation model. Further documentation is available
at www.ifpri.org/program/impact-model.

World and regional figures include other regions and
countries not reported separately. Total production
is aggregated across irrigated and rainfed systems at
the national level and aligned with years as reported
in FAOSTAT. Per capita food consumption is based
on food availability at the national level. Net trade
includes negative and positive numbers indicating that
a region is a net importer or exporter, respectively, and
balances to zero at the global level. Cereals include
barley, maize, millet, rice, sorghum, wheat, and aggregated other cereals. Meats include beef, pork, poultry,
and sheep and goats. Fruits and vegetables include
banana, plantain, aggregated temperate fruits, aggregated tropical fruits, and aggregated vegetables.
Oilseeds include groundnuts, rapeseed, soybean, sunflower, and aggregated other oilseeds. Pulses include
beans, chickpeas, cowpeas, lentils, pigeonpeas, and
aggregated other pulses. Roots and tubers include
cassava, potato, sweet potato, yams, and aggregated
other roots and tubers. Values reported for 2010 are
calibrated model results. Projections for 2030 and
2050 assume changes in population and income as
reflected in the IPCC’s Shared Socioeconomic Pathway
2. Climate change impacts are simulated using the
IPCC’s Representative Concentration Pathway 8.5 and
the HadGEM general circulation model. Further documentation is available at www.ifpri.org/program/
impact-model.
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