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FOOD SYSTEMS?

Introduction:  
WHAT ARE FOOD SYSTEMS 
AND WHAT CAN WE KNOW 
ABOUT THEIR FUTURE?
Keith Wiebe (IFPRI) and Elisabetta Gotor (Bioversity International)

Key messages
•	 Food systems are made up of the people, resources, and activities 

involved in the production, processing, distribution, and consump-
tion of food.

•	 We cannot know the future of food systems with certainty, but we can 
make informed projections about alternative possible futures and 
ways to achieve (or avoid) them.

•	 This book provides a mosaic of perspectives from a diverse group 
of experts on the state of knowledge about different aspects of the 
future of food systems and how they are interlinked.

•	 Pressure on land and water resources is projected to increase, 
extreme events will become more frequent, and healthy diets will 
remain out of reach for many, but innovation and improved policies 
and investments can help address these challenges.

•	 Synergies and trade-offs between these different challenges and 
goals mean that they need to be understood and addressed as inte-
grated parts of dynamic food systems.
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WHAT ARE FOOD SYSTEMS 
(AND WHY DO WE 
CARE ABOUT THEM)?

After air and water, food is our most basic need. Yet unlike 

air and water, food also forms an essential part of our 

identities as families and communities. Food production 

is the world’s largest use of water and land (FAO 2024, 

2025; Ritchie and Roser 2019). Until recently, agriculture 

was also the world’s largest source of employment. Today, 

a quarter of the world’s labor force still works in agricul-

ture, with an even greater proportion in low- and middle-

income countries (Roser 2023).

But food involves much more than production and con-

sumption. The tremendous growth in variety, abundance, 

and year-round availability of food that we have experi-

enced in recent decades has been enabled by related 

growth in the supply chains that link producers to con-

sumers, including processing, storage, transportation, 

and marketing. This wider set of essential and closely con-

nected activities makes up our food system (Erickson et 

al. 2010; Ingram 2011; HLPE 2014, 2017; Food Systems 

Dashboard 2025).

These activities are in turn related to energy, innovation, 

technology, roads, and many other domains, so in a sense, 

food systems are all-encompassing. Instead of consider-

ing a single food system, it can be useful to think of multi-

ple interconnected food (or agrifood) systems operating 

at different scales, just as local markets are connected to a 

larger global market, and local internet service providers 

are part of a larger worldwide web. While the boundar-

ies of these various food systems may be difficult to delin-

eate, it is not necessary to define food systems precisely 

to appreciate their importance. Indeed, it is estimated 

that nearly half the world’s people live in households that 

depend at least partly on agrifood systems for their liveli-

hoods (Davis et al. 2023), and all 8 billion of us are part of 

food systems as consumers.

Food systems have achieved remarkable progress in 

recent decades, but they will also face significant chal-

lenges in delivering the many outputs and services we 

expect and need from them in the future (ISDC 2023). 

For example, progress in reducing hunger has slowed 

and even reversed in recent years, while the incidence 

of micronutrient deficiencies and obesity is rising (FAO, 

IFAD, UNICEF, WFP, and WHO 2024). Pressure on land, 

water, biological, and atmospheric resources is increasing 

(FAO 2017; IPCC 2023). Meanwhile, despite the fundamen-

tal importance of food systems, those who earn their liv-

ing from food production often earn much less than those 

in other economic sectors (World Bank 2025). Looking 

ahead, the Independent Science for Development Council 

identifies nine major trends that will continue to affect 

agrifood systems: demographic trends, changing con-

sumption patterns, market concentration, climate change, 

environmental degradation, shifting global health chal-

lenges, geopolitical instability, growing inequalities, and 

new technologies and innovations (ISDC 2023).

These interrelated challenges mean that to consider the 

future of food, we need to look beyond food production 

to the wider set of activities that bring food to our tables 

and beyond food consumption to the wider set of impacts 

and outcomes for people and planet that characterize 

the performance of those activities. We need to look at 

food systems.

WHAT CAN WE KNOW 
ABOUT THE FUTURE 
OF FOOD SYSTEMS?

Strictly speaking, nothing. Without a crystal ball, we can-

not know the future with certainty. But decisions that will 

affect the future of food systems still need to be made 

today, and there are insights we can offer with confidence 

to help guide those decisions.

First, we can draw on experience and understanding 

of the past and present to make reasoned inferences 

about the future. This may involve a variety of foresight 

approaches. Since the dawn of agriculture, farmers (such 

as the family of 3-year-old Rosita on the cover of this book) 

have had to make decisions about when and where to 

plant their crops without knowing what weather and mar-

ket conditions would be like during the weeks and months 

before harvest time. Instead, they have drawn on their 

experience and expectations as a guide. When we con-

sider the future of larger and more complex food systems 

in a world that is becoming more uncertain, more com-

plex foresight methods are needed, including quantitative 

tools such as statistical analysis and simulation modeling 

(see Chapter 37 on foresight modeling).
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Second, the future depends partly on choices we — as 

individuals and society — have not yet made. This pres-

ents an opportunity but also a challenge. The opportu-

nity is that we have the chance to inform those choices 

through analysis and engagement with public and private 

decision-makers and other stakeholders. The challenge is 

that the interacting processes that make up food systems 

are extremely complex, and the goals of decision-makers 

and other stakeholders are extremely diverse (and some-

times conflicting).

By combining sophisticated quantitative analysis of 

food systems and qualitative engagement processes 

with stakeholders, we can identify and explore the likely 

impacts of alternative future scenarios based on alterna-

tive development pathways and external factors, and use 

the resulting insights to inform the decisions we make 

about food systems today. So, although we cannot know 

the future of food systems with certainty, we do know 

something about possible futures of food systems, and 

what we can do to help achieve (or avoid) them. That is the 

subject of this book.

THIS BOOK

This book presents a collection of short chapters on the 

current state of knowledge about different aspects of the 

future of food systems, written by a diverse group of sci-

entists with experience and expertise in a wide range of 

related topics, disciplines, and regions. The 109 contrib-

utors come from across CGIAR and many other partner 

research institutions around the world. This collection was 

begun as part of the CGIAR Research Initiative on Foresight 

during the 2022–2024 period and completed as part of the 

ongoing area of work on foresight and prioritization under 

the CGIAR Science Program on Policy Innovations.

Each chapter examines a particular aspect of food sys-

tems, using a standard format to concisely describe 

recent trends and challenges that highlight the impor-

tance of the topic, summarize the latest available foresight 

research on that topic, and identify key gaps in exist-

ing foresight research that merit further attention in the 

future. These chapters are intended as brief and acces-

sible overviews of the latest foresight research on each 

topic, guides to help readers find more detailed infor-

mation if desired, and indications of where our current 

knowledge of future trends needs to be improved.

The collection includes 15 chapters focused on major 

drivers and impacts of change in food systems, 11 chap-

ters that provide regional and national perspectives on 

the future of food systems, 7 chapters on the future of 

major food commodities, and 3 chapters on food systems 

measurement and modeling tools.

Even with this diverse set of contributions, the picture 

remains incomplete. Given the complexity of food sys-

tems, it is impossible to characterize them fully. Some top-

ics are missing, and others could easily be developed in 

much greater detail. We look forward to adding topics 

that are missing from this collection (such as demograph-

ics and genetic resources) and to developing aspects of 

included chapters that merit expansion.

In a world of complexity and uncertainty, the goal of this 

book — and the purpose of foresight analysis, more gen-

erally — is not to predict the future with precision, but 

rather to carefully consider and present what can be 

known about possible future pathways in order to inform 

choices today.

KEY INSIGHTS

The picture that emerges from this collection highlights 

the continuing challenges that food systems will confront 

in the coming decades. Poverty will become more geo-

graphically concentrated (Chapter 2), healthy diets will 

remain out of reach for many (Chapter 3), inequalties will 

persist (Chapters  4 and 14), pressure on land, water, and 

other resources will increase (Chapters 5 and 7–10), and 

extreme events will become more frequent (Chapters 6 

and 15). Regional and commodity perspectives (Chapters 

17–22 and 28–34) illustrate the diversity of challenges, 

including continued population growth in Africa (ver-

sus slowing growth or population declines elsewhere), 

projected increases in dependence on food imports in 

low-income countries, and rapid growth in demand for 

animal-source foods from middle-income populations. 

They also illustrate commonalities, including rising health 

concerns associated with overweight and obesity in 

most regions.

The collection also highlights the importance of interac-
tions — including both synergies and trade-offs — across 

the many dimensions of food systems, including between 

drivers of change, regions, commodities, and time 
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periods, as well as among the many outcomes that food 

systems deliver. For example, improving access to mar-

kets may reduce costs for both producers and consum-

ers, but it may also increase pressure on land and water 

resources. This does not mean that one goal is necessar-

ily more important than another, just that care is needed 

to understand the multiple consequences (including the 

unintended ones) of different food systems pathways in 

order to make better-informed decisions and minimize 

their costs.

The collection also highlights opportunities to address 

these challenges, including rapid growth in renewable 

energy (Chapter 11); the critical importance of innova-

tion more generally (Chapter 12), along with its potential 

to improve efficiency, reduce costs, and lessen trade-offs 

across multiple goals and interests; and the importance 

of trade (Chapter 13) and food assistance (Chapter 16) 

in helping to offset local and regional impacts of con-

flict and weather shocks. Insights from various countries 

(Chapters 23–27) show how foresight analysis is already 

informing food systems policies and investment strate-

gies around the world. Finally, continuous improvements 

are being made in the data and analytical tools needed 

(Chapters 35–37) to explore alternative food systems 

futures, identify challenges and solutions, weigh trade-

offs, and inform the choices we face today.
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What do we know about  
THE FUTURE OF POVERTY IN 
RELATION TO FOOD SYSTEMS?
Karl Pauw (IFPRI), Paul Dorosh (IFPRI), Wenqian Xu (IFPRI), and Jean Balié (CGIAR)

Key messages
•	 The global poverty headcount rate declined rapidly over the past 

25 years, from around 30 percent to 8.5 percent today, but a series 
of global crises caused the pace of poverty reduction to slow down 
from 2020 onward. Some regions have done well; for instance, the 
East Asia and Pacific region has now effectively eliminated extreme 
poverty, a Sustainable Development Goal (SDG), while extreme pov-
erty in South Asia is expected to be eradicated by 2030. But with 
almost no further reduction in the extreme poverty rate in sub-
Saharan Africa until 2030, the number of poor people in this region 
will increase by 10 percent to reach 500 million. This means that by 
2030, around 80 percent of the world’s poor people will live in sub-
Saharan Africa.

•	 Poverty and food systems are closely intertwined. Both theory and 
evidence support the notion that investments in food systems that 
reduce food prices or create food systems jobs will be highly effec-
tive at reducing poverty, and likely more so than investments out-
side of the food system, especially during the earlier stages of a 
country’s development. With respect to investments within food sys-
tems, since the majority of the world’s extreme poor are engaged 
in farming, investments in the on-farm part of food systems are 
likewise more effective at reducing extreme poverty than off-farm 
investments, such as in processing, distribution, and food services. 
However, rural-urban migration and structural shifts in employment 
into off-farm jobs, combined with growing demand for processed 
foods from retail or food service outlets, will gradually increase the 
poverty-reducing impacts of off-farm investments. Foresight analysis 
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS?

RECENT TRENDS AND 
CHALLENGES
Although poverty is a complex, multifaceted phenome-

non, it can be broadly defined as the lack of basic capacity 

to maintain a minimum standard of living and participate 

effectively in society. Important strides have been made in 

the fight against poverty over the past 25 years. As shown 

in Figure 1, the global poverty headcount rate — measured 

at the World Bank’s “extreme” poverty line of US$2.15 per 

day (2017 PPP prices) — fell from 30.0 percent to 8.5 percent 

between 1999 and 2024, while the number of poor people 

declined from 1.8 to 0.7 billion — even as the global popu-

lation grew from 6.1 to 8.1 billion (World Bank 2024a).

Figure 1 also highlights regional disparities in poverty out-

comes. South Asia, renowned for successfully transforming 

can help policymakers anticipate employment and dietary shifts and 
identify the mix of food systems investments that would maximize 
their impact on extreme poverty.

•	 Policies and investments designed to facilitate food systems trans-
formation may be associated with trade-offs across development 
outcomes. For instance, while investments in staple crop productiv-
ity may be most effective at reducing poverty and calorie availabil-
ity, they may not contribute to improving dietary quality or health 
outcomes, which are also important SDGs. Likewise, regulations that 

encourage the adoption of environmentally conscious food produc-
tion processes, also central to several of the SDGs, may raise the cost 
of food, with negative consequences for poverty. At the same time, 
inaction now to facilitate a transition toward more sustainable food 
systems will contribute to conflicts, disasters, physical displacement, 
and adverse health and economic outcomes in the future, the burden 
of which will fall disproportionately on future generations of poor 
people. Foresight analysis can help policymakers understand these 
trade-offs as they consider alternative investment choices and mea-
sures to protect vulnerable populations from any adverse impacts.

Figure 1  Poverty rates and number of people in poverty, 1999–2024

Source: Authors’ representation based on World Bank (2024a, 2024b).
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its agriculture sector during the “Green Revolution” in the 

1960s and 1970s (Pingali 2012), saw its poverty rate decline 

faster than the global average from 1999 to 2024. Poverty 

in the East Asia and Pacific region was effectively elimi-

nated over the same period on the back of the “East Asian 

Miracle” from 1965 to 1990, a period of rapid structural 

change and growth led by manufacturing exports (Birdsall 

et al. 1993). Sub-Saharan Africa experienced its own 

“African Growth Miracle” in the early 2000s, with economic 

growth outpacing that in the rest of the world (McMillan, 

Diao, and Verduzco-Gallo 2014) and a decline in poverty 

that was evidently much faster than previously thought 

possible (Sala-i-Martin and Pinkovskiy 2010).

Unfortunately, by 2012, poverty reduction in sub-Saharan 

Africa slowed down. Today the region is home to almost 

two-thirds of the world’s poor despite only making up 

15 percent of the global population. Several other regions 

also started experiencing a decline in the rate of poverty 

reduction from 2020 onward as the COVID-19 pandemic 

adversely impacted livelihoods (Pauw, Smart, and Thurlow 

2021) and the Russia-Ukraine war contributed to rising 

costs of living (Arndt et al. 2023).

LATEST FORESIGHT 
RESEARCH
The World Bank (2024b) projects that poverty in sub-

Saharan Africa will decline only marginally, from 8.5 to 

7.3 percent during the 2024–2030 period. Regional pov-

erty projections by Kharas and Dooley (2022) suggest that 

South Asia will eradicate extreme poverty by 2030. But in 

sub-Saharan Africa, with virtually no further reduction in 

the poverty rate, the number of poor people will expand 

by about 10 percent to reach 500 million by 2030, or 

about 80 percent of the global population of poor people. 

Sub-Saharan Africa should clearly be a key priority in the 

global fight against poverty in the coming 5 to 10 years.

With over 80 percent of the world’s extreme poor living 

in rural areas and nearly two-thirds of them engaged in 

primary agriculture (UN 2023), agricultural productivity 

growth has been found to be especially effective at reduc-

ing extreme poverty (Christiaensen, Demery, and Kuhl 

2011). Such productivity growth might be associated with 

land productivity (for example, due to improved soil qual-

ity) or labor productivity (for example, the effects of edu-

cation combined with the adoption of better technologies 

or machinery). Agricultural productivity growth has been 

shown to be relatively more effective at reducing poverty 

than equivalent-sized productivity gains in industry or ser-

vices (Dorosh and Thurlow 2018; Ivanic and Martin 2018), 

provided product, factor, or credit market failures do not 

exclude poor farmers from profitable opportunities to 

grow out of poverty (Dercon 2009). Of course, the bene-

fits of agricultural productivity growth are not restricted 

to farm households. Household food budget shares in 

low-income South Asian and sub-Saharan African coun-

tries average around 40–50 percent (USDA 2023), with 

even higher shares for poor households within those 

countries. Since agricultural productivity gains help lower 

farm output prices, they can contribute significantly to 

poverty reduction among rural nonfarm and urban house-

holds that consume agricultural products.

Agricultural productivity growth — or agricultural transfor-

mation more broadly — provides the impetus for structural 

change and rural-urban migration (Johnston and Mellor 

1961; Timmer 1988), but the net impact of structural 

change on growth is not always positive (McMillan, Diao, 

and Verduzco-Gallo 2014), and may even result in urban 

slums and rising urban poverty (see Chapter 14). Rural-

urban migration is also associated with growing demand 

for processed and convenience foods from retail or food 

service outlets as opposed to unprocessed farm produce 

(Barret et al. 2022), such that the share of food processing, 

packaging, trade, and transport costs in the overall cost 

of food rises. These dynamics affect the relative effective-

ness of on-farm versus off-farm investments in reducing 

poverty. In the context of Ethiopia, Dorosh et al. (2020) 

show that investments in nonagriculture sectors become 

more important for poverty reduction after approximately 

10 years of sustained growth and structural transforma-

tion. Dorosh and Thurlow (2018), in turn, show that among 

the nonagriculture sectors, investments in those sec-

tors with strong connections to the food system, such as 

food processing, trade, or transport, have larger impacts 

on poverty than those in nonfood manufacturing or ser-

vice sectors.

The global food system is operating beyond its plane-

tary boundaries (Steffen et al. 2015; Ruggeri et al. 2024). 

The resulting degradation of environmental systems and 

greenhouse gas emissions contribute to fragile settings 

characterized by conflict, disaster, and physical displace-

ment and worsening food security, diet quality, and nutri-

tion outcomes. By 2030, 2.8 billion people will live in 

fragile settings, up from 1.8 billion in 2020, and 80 percent 
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of them will be poor (GLOPAN 2020). Not only are food 

systems in urgent need of transformation, but the burden 

of climate inaction will also fall disproportionately on the 

poor. The urgency of food systems transformation also 

challenges conceptions around poverty measurement. 

Poverty lines are traditionally derived from the cost of cal-

ories required to sustain human activity. However, food 

systems should provide more than sufficient calories; they 

should also ensure that healthy, sustainably produced 

foods are affordable to poor people (Willet et al. 2019). 

The global average cost of a healthy diet is estimated at 

around US$3.30 per day in 2017 prices (FAO 2024), more 

than 50 percent higher than the global poverty line of 

US$2.15. Eradicating extreme poverty will not be enough 

to ensure that all people can afford a healthy diet. More 

ambitious poverty reduction targets should be adopted if 

the poor are expected to contribute to more sustainable 

food systems through their dietary choices.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Foresight analysis can inform the design of food systems 

policies and investment programs aimed at facilitating 

transformation and poverty reduction. Investments that 

raise on-farm productivity in agriculture remain import-

ant for driving poverty reduction among the many poor 

farm households around the world. However, struc-

tural change and dietary shifts mean the effectiveness of 

investments in the off-farm components of the food sys-

tem, such as food processing, distribution, and food ser-

vices, will gradually become more important in reducing 

poverty. Foresight analysis can help policymakers antici-

pate these changes and adjust their investment allocation 

decisions across the on- and off-farm components of food 

systems accordingly.

Potential trade-offs arise across development outcomes. 

Poverty reduction is not the only development goal of 

food systems transformation. Others include improved 

availability and access to healthy foods and the transi-

tion toward environmentally sustainable food production 

practices. Policies that target one development out-

come may have unintended consequences for others. For 

instance, investing in staple crops might be highly effec-

tive at reducing extreme poverty but may have adverse 

implications for diet quality (for example, if it results in 

overconsumption of calories and lower consumption 

of healthy foods) or for the environment (for example, 

because of land use change or increased use of inor-

ganic fertilizer). Likewise, regulations that encourage the 

adoption of sustainable food production processes (for 

example, limits on greenhouse gas emissions in food pro-

cessing or transport) could raise the cost of food, with 

implications for poverty or diet quality. Foresight analysis 

can help policymakers identify potential trade-offs associ-

ated with the policies they design so that they can imple-

ment measures to protect vulnerable households from 

any adverse impacts.

Trade-offs — or synergies — may also exist between cur-

rent and future development outcomes. Making quality 

diets more affordable for poor people today results in a 

healthier, more productive workforce and higher lifetime 

earnings. Better diets are also associated with improved 

learning among school-aged children and better earn-

ings prospects in the future. These future benefits may 

offset current costs. Conversely, delaying or slowing 

down the transition toward sustainable food systems may 

save financial resources today, but the burden of envi-

ronmental degradation that may follow as a result will be 

shifted onto future generations of poor people. Foresight 

analysis can account for future streams of benefits and 

costs, which in turn can inform optimal budgetary alloca-

tions today.
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What do we know about  
THE FUTURE OF DIETS 
AND NUTRITION?
Timothy B. Sulser (IFPRI), Marie Ruel (IFPRI), and Shakuntala H. Thilsted (CGIAR)

Key messages
•	 Diets continue to evolve and nutrition challenges are changing as 

diets shift from traditional to more modern ones that are higher in 
animal-source foods, refined grains, and processed and ultra-pro-
cessed foods; high in saturated fats, sugar, and salt; and low in fiber.

•	 Important progress, though uneven, has been made over several 
decades in improving diets and nutrition, but these trends have 
reversed or slowed since 2010.

•	 Undernutrition has decreased over time, while micronutrient defi-
ciencies have not. Overweight and obesity are rapidly rising in all 
low- and middle-income countries (LMICs) and remain high in high-
income countries. Multiple burdens of malnutrition coexist within 
countries, regions, communities, households, and individuals.

•	 Nutrition literature increasingly highlights the multiple burdens of 
malnutrition but rarely looks explicitly at future trajectories for nutri-
tional indicators.

•	 Simulation studies explore alternative futures explicitly and give a 
good indication regarding dietary trends but are limited with respect 
to nutritional outcome trends.

•	 A critical need and opportunity exist for more work that combines 
nutrition with foresight modeling, particularly with a focus on LMICs.
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RECENT TRENDS AND 
CHALLENGES
Human nutrition is the result of dietary practices as well 

as individuals’ health and a combination of environmental 

and societal factors, all of which interact in a dynamic pro-

cess. Nutrition is inextricably linked to diets, and factors 

that affect diets influence the resulting nutritional status 

of individuals, along with many others that determine bio-

availability of nutrients from foods consumed and individ-

uals’ health status. We focus on the future developments 

of the diet and nutritional dimensions of this complex 

topic, especially in low- and middle-income countries 

(LMICs) and regions in which CGIAR works.

Diets and nutrition are evolving in dynamic ways as tech-

nological, agricultural, environmental, and cultural sys-

tems change and interact. Diets evolve in response to 

changing preferences, prices, and incomes and to cultural 

forces. It is well established that as incomes rise, the share 

of nutrient-dense foods in the diet increases (Bennett 

1941a, 1941b); with near certainty, we can expect this will 

remain true in the future.

The nutrient content of food evolves due to factors such 

as breeding, production practices, climate impacts, and 

processing methods. Societal drivers such as education, 

health, and sanitation systems also exert a huge influence 

on the levels of nutrition that are possible with available 

food and diets.

Malnutrition takes three forms: undernourishment 
(energy deficiency, also referred to as “chronic hun-

ger”), which manifests itself in child wasting or stunt-

ing and adult underweight; micronutrient deficiencies 

(also referred to as “hidden hunger”); and overweight/
obesity and diet-related noncommunicable diseases 

(Figure 1). Poverty, conflict, and access issues are key driv-

ers in the stalling and reversal of positive trends in hunger 

and malnutrition.

While undernourishment has decreased over the past sev-

eral decades, events in recent years have either stalled 

progress or reversed trends in many regions. The global 

prevalence of undernourishment dropped 2 to 6 percent-

age points, depending on the region, between 2000 and 

2022. Chronic hunger hit a low point in the 2010s but has 

been on the rise ever since.

Figure 1  Recent nutrition trends

Source: FAOSTAT 2025. https://www.fao.org/faostat/

Note: Chronic hunger is not tracked when it is below 5 percent, as in North America and Europe.
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Although little information is available on the preva-

lence of micronutrient deficiencies globally, anemia—a 

proxy indicator of iron and potentially other micronutrient 

deficiencies—has declined since 2000 around the world 

(except in North America and Europe), but these trends 

have either slowed or reversed course since the 2010s. 

Micronutrient deficiencies are driven by a complex mix of 

factors, some of them related to poverty, unaffordability 

of nutritious foods, and poor health, and others related to 

awareness and preferences that cut across income levels.

Overweight/obesity is widespread and increased consis-

tently over the same period in all regions, with prevalence 

doubling in many regions between 2000 and 2022. Rising 

incomes, urbanization, and changing food systems are 

the main drivers of overweight/obesity and the double 

burden of malnutrition, characterized by the coexistence 

of multiple forms of malnutrition in the same coun-

tries, households, or individuals (Popkin, Corvalan, and 

Grummer-Strawn. 2020).

LATEST FORESIGHT 
RESEARCH
A strong literature and research base documents past 

trends and current status across the various dimensions of 

diets and nutrition, and many efforts to improve nutrition 

in the future.

Several current research and development efforts aim-

ing to change the future of nutrition are highly focused on 

specific improvements that could be achieved in the near 

term, though in isolation and without consideration of 

the full agrifood system. Nutritional benefits are foreseen 

from these types of improvements if and when they can 

be achieved and scaled up. Some of the most prominent 

approaches include:

•	 Improvements in the plants and animals we eat, includ-

ing biofortification and other management and breed-

ing efforts (Bouis and Saltzman 2017; White and 

Broadley 2009; Sands et al. 2009; Flax et al. 2023; 

Boy et al. 2024), as well as improving the mix of food 

items in the average food basket (Golden et al. 2021; 

Herforth et al. 2019).

•	 Supplementation and fortification, including large-

scale fortification of staple foods or condiments (for 

example, salt, bouillon cubes) with essential micro-

nutrients, and micronutrient-fortified products for-

mulated for nutritionally vulnerable groups, such as 

lipid-based nutrient supplements or micronutrient 

sprinkles (Dewey et al. 2023; Osendarp et al. 2018).

•	 Behavior change communication strategies to educate 

and shape consumer preferences and food choices, 

as well as interventions to improve the healthiness of 

food environments (Fretes, Marshall, and Leroy 2024; 

Kim et al. 2024; Springmann et al. 2016, 2018).

Foresight research that explicitly analyzes the future of 

nutrition outcomes remains relatively limited, even as 

dietary projections at the aggregated commodity level 

are available (Bodirsky et al. 2015; Valin et al. 2014; van 

Dijk et al. 2021). Some research—such as Tigchelaar et al. 

(2024) or many of the EAT-Lancet analyses for a planetary 

health diet—assesses future diets in a quantitative frame-

work without an economic equilibrium. This is important 

given the pace of change in factors affecting diets and 

nutrition; the time lags involved in developing approaches 

to address those changes; and system dynamics, with 

prices, preferences, and production interacting and 

changing simultaneously.

Quantitative foresight modeling looks at the complex 

interplay of drivers to estimate potential trajectories for 

the agrifood system. This approach provides an estimate 

of both the supply of and demand for agricultural com-

modities and many other aspects of the agrifood system. 

One key component of many foresight studies in the agri-

food sector is the evolution of diets in terms of a com-

plex economic equilibrium of demand and availability. 

Cenacchi, Sulser, and Mishra (2025) provide one exam-

ple using the International Model for Policy Analysis of 

Agricultural Commodities and Trade (IMPACT) model. 

Using the same set of results, this brief highlights the 

changes in food availability from different food groups 

and of nutrients available in the food supply as shown in 

the projections below.

Nutritional outcomes can be included as part of the pro-

jections, depending on the focus of the research. The 

prevalence of undernourishment—associated with the 

risk of hunger and a measure of chronic hunger—is the 

most common metric used in foresight studies (Hasegawa 

et al. 2019; Sulser et al. 2021b), while hidden hunger is 

assessed by means of ratios of nutrient availability to rec-

ommended levels of intake (Beach et al. 2019;Nelson et al. 
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2018). Projections of chronic and hidden hunger can be 

combined into estimates of future trends in disability-ad-

justed life years (Sulser et al. 2021a). Several quantitative 

foresight analyses that focus on specific commodities 

or commodity groups elevate the importance of nutri-

tion derived from particular types of foods, such as from 

aquatic foods (Chan et al. 2021), livestock (Enahoro et 

al. 2018), and fruits and vegetables (Mason-D’Croz et al. 

2019). Modeling the future of overweight/obesity is esti-

mated by a complex combination of calculations and 

assumptions (Bodirsky et al. 2020) and has been done 

by few modeling groups to date. Given the connection 

of modeling parameters to past trends and estimates of 

the structural relationships across factors in the agrifood 

system, the overall outlook is generally a continuation of 

trends that see improvements in chronic and hidden hun-

ger and a steady increase in overweight/obesity. This 

broad regional outlook masks details at the country and 

subnational level, however, as many segments of the pop-

ulation face increasingly challenging situations.

Climate change is a topic of wide interest in relation to 

diets and nutrition. As temperature and precipitation 

deviate from historical trends, food production systems 

must adapt and the transition to new agricultural prac-

tices often leads to increased prices and less food avail-

ability, particularly in the Global South (Kompas, Nhu Che, 

and Grafton 2024; Sulser et al. 2021b). At the same time, 

the nutritional quality of food is projected to change with 

increasing carbon dioxide, with decreases in protein, min-

erals, and many vitamins, while enhancing energy con-

tent and a few select vitamins (Beach et al. 2019; Loladze 

2014; Myers et al. 2014; Zhu et al. 2018). Extreme events 

and variability lead to additional challenges for nutri-

tion that are often missing from many modeling exercises 

(Hasegawa et al. 2021).

In general, future changes in population and income are 

important drivers that far outweigh the climate changes 

represented in most model-based analyses (Hasegawa et 

al. 2015; Nelson et al. 2018; Sulser et al. 2021b). Increasing 

per capita incomes make diverse diets and their nutri-

tional and health benefits more readily available, though 

concurrently, many negative forces come to the fore, 

including increased consumption outside the home 

and preferences for convenience foods that are often 

unhealthy, with an excess of saturated fats, sugar, and 

salt. At the same time, increased incomes could curb the 

overweight and obesity crisis if consumers adopt health-

ier, more balanced diets. Continued population growth 

and constrained incomes, on the other hand, lead to 

challenges for reducing chronic and hidden hunger in 

many regions. Both over- and undernutrition can occur 

simultaneously at certain levels of aggregated geogra-

phies (Bodirsky et al. 2020; Hawkes et al. 2020; Popkin, 

Corvalan, and Grummer-Strawn 2020).

The EAT-Lancet Commission on Food, Planet, and Health 

(Willet et al. 2019) designed and advocated a planetary 

health diet that attempts to achieve the goals of healthy 

diets for all while keeping the agrifood system within sus-

tainable environmental bounds for the future. This effort 

sparked a great deal of interest, but also skepticism 

regarding adoption of very low or nonmeat diets and was 

criticized for its focus on high-income countries and lim-

ited applicability elsewhere. Other concerns relate to its 

nutritional inadequacy for population groups with high 

nutrient requirements (for example, pregnant or lactating 

women) and the potentially more costly minimum ade-

quate diet (Beal, Ortenzi, and Fanzo. 2023; Hirvonen et al. 

2020). A follow-up to this work (EAT-Lancet 2.0) currently 

underway aims to update, expand, and strengthen this 

analysis while addressing some of these critiques (EAT-

Lancet 2.0 Commissioners et al. 2023).

Another important development is the work to estab-

lish a standard metric of the cost of a healthy diet that 

ties together nationally developed food-based dietary 

guidelines with consumer prices, especially in low-in-

come countries (Herforth et al. 2022). This is now incor-

porated in regular reports by the Food and Agriculture 

Organization of the United Nations and the World Bank 

(FAO 2024; World Bank 2024) and is the basis for work that 

is developing a forward-looking perspective using model 

projections (Costlow et al. 2025).

Recent projections from the IMPACT model provide a 

quick look at dietary evolution and nutrition projections 

(see Chapter 36 in this volume). As an extension to that 

presentation, Figure 2 shows the change in per capita 

calorie availability for major food types across regions. 

Several takeaway messages present themselves:

•	 The increase in per capita consumption of oils and 

sugar is clearly shown in East Asia and the Pacific, 

South Asia, and the Middle East and North Africa, each 

increasing by over 100 calories combined by 2050. The 

high-income countries, however, are projected to con-

sume more than 1.5 times more calories from oils and 

sugars than LMICs.
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•	 The share of calories from starchy cereals and roots 

and tubers is declining relative to more nutrient-dense, 

animal-source foods, fruits and vegetables, and oils 

and sugars. Some regions even show negative growth 

trends for calories from starches.

•	 The increased share of animal-source foods, especially 

in East Asia and the Pacific and Latin America and the 

Caribbean, will require careful consideration to focus 

on healthier options and avoid processed red meat, 

associated with harmful health outcomes.

Based on per capita food availability, we compare nutri-

ent availability with recommended nutrient intake levels 

(RNI ratios), following Beach et al. (2019) and Nelson et al. 

(2018). RNI ratios close to one mean that the average con-

sumer might be able to meet recommendations while val-

ues below one indicate the opposite.

Figure 3 shows the change in regional RNI ratios for five 

key vitamins and minerals for 2020 and 2050. Calcium 

supplies are insufficient everywhere to meet dietary 

requirements. In contrast, iron and zinc have RNI ratios 

greater than one, indicating that a larger share of the pop-

ulation should have access to adequate supplies of these 

nutrients though, in practice, many factors could limit 

their bioavailability. Vitamin A and folate show a pattern 

similar to iron and zinc in most regions, except the Middle 

East and North Africa and sub-Saharan Africa, where RNI 

ratios fall short and few people will be able to achieve 

adequate levels for a healthy diet.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Looking at complex food systems and the scaling of nutri-

tion interventions and interactions in the longer term is 

crucial for achieving broad-based, beneficial, and lasting 

outcomes (Ruel 2024). Understanding the future of diets 

and nutrition requires connecting nutrition literature and 

quantitative foresight studies. In general, nutrition litera-

ture is essential to understand the many dimensions and 

Figure 2  Per capita calorie availability from major food groups in current and future diets, 
2020 and 2050, by region

Source: IMPACT v3.4, in Rosegrant et al. (2024).

Note: EAP = East Asia and Pacific; LAC = Latin America and Caribbean; MENA = Middle East and North Africa; SA = South Asia; SSA = Sub-Saharan Africa.
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Figure 3  Ratio of nutrient availability from projected diets to recommended nutrient 
intakes (RNI ratios) for key vitamins and minerals in 2020 and 2050, by region

Source: IMPACT v3.4, in Rosegrant et al. (2024).
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connections between diets and nutrition. This literature, 

however, relies on analysis of historical data and is limited 

in looking explicitly at the future in a systematic way.

Meanwhile, simulation studies that look explicitly at future 

diets are limited in nutritional detail. Studies linking diets, 

health, and planetary environmental boundaries tend to 

focus on the Global North, leaving a need and opportu-

nity to combine nutritional depth with foresight modeling 

and a focus on LMICs. The most robust approach would 

rely upon “multimodel” ensembles that provide transpar-

ent methodologies for their projections of dietary evolu-

tion. The range of potential outcomes will reveal either 

self-reinforcing agreements among models that provide 

strong evidence of findings or disagreements that flag 

areas for further research.

A major question for the future of diets and nutrition is 

how potential demand changes will play out in global 

agrifood system dynamics. Quantitative foresight model-

ing of the agrifood sector from an economic equilibrium 

perspective can help explore this. For example, if a more 

environmentally conscious diet were to become more 

widespread—meaning populations avoid increasing their 

consumption of animal-source foods as incomes increase, 

while relying more on plant-based foods—foresight mod-

eling could explicitly handle how preference shifts would 

react to price changes due to changing levels of demand 

for these different types of commodities, in turn affecting 

the final purchase of food baskets by different consum-

ers. Joining this with detailed understanding of how food 

systems work from a nutrition perspective (food environ-

ments, nutrition innovations, etc.) can help policymakers 

make decisions on how to best allocate resources to sup-

port a healthy dietary evolution.
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Key messages
•	 Foresight research has yet to fully explore gender equality as an out-

come and a driver of food systems transformation.

•	 Foresight analysis can assess which food systems investments and 
interventions are most effective at reducing gender inequalities and 
increasing women’s empowerment.

•	 Addressing structural inequalities, promoting inclusivity in decision-
making, and challenging patriarchal norms can enhance gender 
equality, social inclusion, and women’s empowerment in food sys-
tems transformation. Neglecting gender barriers when designing 
and disseminating food systems innovations may exacerbate gender 
inequalities and limit women’s empowerment.

•	 Gender equality, women’s empowerment, and social inclusion also 
drive food systems transformation, leading to improved welfare out-
comes for all. Foresight research should examine how closing gender 
gaps in livelihood opportunities, agricultural productivity, and resil-
ience capacities can impact other food systems outcomes, such as 
poverty reduction, food security, and nutrition.

•	 While data on gender inequalities in food systems and women’s 
empowerment have increased over the last 10 years, more sex-disag-
gregated data and impact evaluation studies are needed for rigorous 
foresight research on gender equality in agrifood systems.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Only marginal progress has been made in addressing 

underlying gender inequalities in food systems over the 

last several decades. Significant challenges remain in 

closing gender gaps in agricultural productivity, liveli-

hood opportunities, access to resources and services, 

and wellbeing outcomes. Because of these inequalities, 

women remain marginalized in agrifood systems and lack 

opportunities to participate in, benefit from, and exercise 

agency over food systems transformation.

Some progress has been made in expanding access 

to information and communication technology, with 

potential for closing gender gaps in access to informa-

tion and financial services (Demirgüç-Kunt et al. 2022; 

GSMA 2023). Progress has also been made in collecting 

sex-disaggregated data and monitoring progress toward 

increasing women’s empowerment over time and the 

link with other development outcomes, including food 

security and nutrition. Gender equality has also received 

greater emphasis in key policy processes and design in 

recent years at the global and national levels. However, 

goals are often not met due to challenges during pol-

icy implementation.

The confluence of shocks and stressors over the past few 

years — including COVID-19, the global food crisis exac-

erbated by the war in Ukraine, and escalating climate 

change — have disproportionately affected women and 

girls, amplifying gender disparities. Women and girls are 

already more vulnerable to shocks and stressors like cli-

mate change, especially in areas where climate impacts 

are severe and where gender inequalities are greatest 

(Bryan et al. 2024; Lecoutere et al. 2023; Schipper et al. 

2022). Gender gaps in food insecurity, workloads, and 

specific challenges, such as gender-based violence, 

are intensified during times of stress (FAO et al. 2023; 

Kugler et al. 2023; Nico and Azzarri 2022). During the 

COVID-19 pandemic, the gender gap in food insecu-

rity notably widened to 3.8 percent in 2021 (Figure 1). 

However, the gap narrowed in 2022 as the pandemic’s 

impact on women’s food insecurity eased, both on the 

global scale and in specific regions including Asia and 

Latin America. The disproportionate impacts of shocks 

and stressors on women and girls carry significant impli-

cations, impacting their short-term coping abilities and 

long-term resilience.

Figure 1  Moderate or severe food insecurity (%), worldwide, by gender, 2018–2022

Source: Data from FAOSTAT 2023.
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LATEST FORESIGHT 
RESEARCH
Lentz (2021) reviews foresight studies on the links 

between agrifood systems and outcomes related to gen-

der, poverty, and nutrition and concludes that gender 

equality is the outcome least covered across foresight 

research. The review finds that many technology-focused 

studies ignore gender-related barriers to adoption based 

on differential access to resources and services, as well 

as gender differences in preferences for technologies. 

Foresight studies that do consider gender often point 

to it as a key factor shaping successful transformation 

of agrifood systems with respect to the other outcomes 

(Lentz 2021).

The annual report of the World Economic Forum (WEF) 

tracks and measures gender gaps across four key dimen-

sions: economic participation and opportunity; edu-

cational attainment; health and survival; and political 

empowerment. The latest report shows some small 

gains in closing gender gaps across these dimensions in 

2023, following several years in which progress was dis-

rupted by COVID-19 and other global shocks. WEF now 

estimates that it will take 131 years to reach gender par-

ity across all four dimensions, largely driven by wider 

gender gaps in the economic and political dimensions 

(WEF 2023).

The Food and Agriculture Organization of the United 

Nations (FAO) also collects data on gender gaps in 

food insecurity and reports on these in its annual report 

on the State of Food and Agriculture (SOFA) and more 

recently with other UN agencies in the report on the 

State of Food Security and Nutrition in the World. FAO 

also recently produced a report on the Status of Women 

in Agrifood Systems, offering updated insights compared 

to the 2011 SOFA report, which focused on women in 

agriculture. The 2011 SOFA report made the case for 

closing gender gaps in access to agricultural assets, 

inputs, and services not only to address gender inequal-

ity but also for the benefit of the agriculture sector and 

the broader economy (FAO 2011). The report estimated 

that if women had the same resources as men, they could 

increase yields on their farms by 20–30 percent — pro-

duction gains that would increase total agricultural out-

put in low-income countries by 2.5–4.0 percent, thereby 

reducing the number of hungry people in the world by 

12–17 percent.

Moving beyond agriculture, the new Status of Women in 

Agrifood Systems report emphasizes the importance of 

tackling structural gender inequalities and investing in 

women’s empowerment for the transition toward sustain-

able and resilient agrifood systems (FAO 2023). It esti-

mates that closing the gender gaps in farm productivity 

and wages in agrifood systems would increase global 

gross domestic product (GDP) by at least 1 percent (or 

nearly US$1 trillion). As a result, global food insecurity 

would be reduced by at least 2 percentage points, which 

corresponds to 45 million people coming out of food 

insecurity (FAO 2023). The report also estimates that “if 

half of small-scale producers benefited from development 

interventions which focused on empowering women, 

it would significantly raise the incomes of an additional 

58 million people and increase the resilience of an addi-

tional 235 million people.” Multiple country-level studies 

by UN Women support the link between closing the gen-

der gap in agricultural productivity and welfare benefits, 

including a substantial reduction in poverty — by around 

80,000 people in Tanzania, 238,000 people in Malawi, and 

119,000 people in Uganda per year over the last 10-year 

period (UN Women 2015).

While women earn less than men in the agrifood system 

and economy due to social norms, discrimination, and 

limited access to resources (FAO 2023), the quantifica-

tion and implications of closing these gaps remain under-

explored. A collaboration between CGIAR’s Foresight 

Initiative and the World Bank’s Gender Innovation Lab 

(GIL) is addressing these issues. Foresight, using IFPRI’s 

RIAPA (Rural Investment and Policy Analysis) model, is 

assessing the broader implications of narrowing the gen-

der income gap in Nigeria and Ethiopia, highlighting 

the potential economic gains of closing it (Thurlow and 

Levy 2024). Other studies are exploring climate change 

impacts on women farmers in Colombia, emphasizing 

the need for gender-responsive policies (Escalante and 

Pineiro 2024).

Another key publication (Njuki et al. 2022) develops a 

framework illustrating the pathways through which gen-

der equality and women’s empowerment can drive food 

systems transformation. These include: addressing wom-

en’s differing access to resources; promoting equal and 

positive gender norms; facilitating women’s empower-

ment; and promoting more equitable policies, institu-

tions, and governance. Much progress has been made 

over the last 10 years with respect to measurement and 

data collection on women’s empowerment, showing 
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that women’s empowerment and gender equality have 

not only intrinsic value but other social benefits as well, 

including better agricultural, health, diet, and nutrition 

outcomes (Quisumbing et al. 2023). In particular, stud-

ies show that higher levels of women’s empowerment in 

agriculture are associated with better maternal nutrition 

and women and children’s calorie availability and dietary 

diversity (Malapit et al. 2015; Sraboni and Quisumbing 

2018; Kassie et al. 2020; Bonis-Profumo, Stacey, and 

Brimblecombe 2021). Projects specifically focused on 

women’s empowerment leading to women’s greater 

decision-making power provide greater benefits for both 

women and men — including higher incomes, food secu-

rity, household dietary diversity, and ability to recover 

from shocks — compared to standard development proj-

ects (FAO 2023; Quisumbing et al. 2023).

Scenario-guided foresight processes that engage a broad 

range of stakeholders and integrate a gender and social 

inclusion lens are important for informing agricultural pol-

icy processes (Marty et al. 2023). In practice, however, 

many challenges remain to integrating gender and social 

inclusion in scenario-guided, foresight-driven policy pro-

cesses, such as power asymmetries among stakeholders 

(Marty et al. 2023). Recent multistakeholder participa-

tory foresight exercises conducted in two states of India 

(Uttarakhand and Odisha) demonstrate the potential of 

participatory approaches (Malhotra et al. 2025). These 

exercises identified several key driving forces of gen-

der equality in agrifood systems, including the level of 

cooperation within the household, education of women, 

agricultural knowledge and skills, women’s agency, fam-

ily support and guidance, women’s workloads, access to 

labor-saving technology, and collective action of women. 

Participants highlighted the gradual but slow shifts in 

constraining norms, but also emphasized that significant 

efforts are needed for more transformative change.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

As noted by Lentz (2021), gender equality has not been 

adequately explored in foresight research either as a 

driver of food systems transformation or as an outcome. 

When projecting outcomes of various scenarios, espe-

cially those examining technological interventions and 

management techniques, it is crucial to consider gen-

der inequalities related to resource and services access, 

resilience capacities, and restrictive social norms. These 

factors can significantly impact women’s livelihood 

opportunities and their roles within food systems. Several 

potential data sources could be used to measure the level 

of gender inequality at the national or subnational level 

for foresight work, including nationally representative 

Labor Force Survey data, the Organisation for Economic 

Co-operation and Development’s Social Institutions 

and Gender Index, the Global Data Lab’s Subnational 

Gender Development Index, Demographic and Health 

Surveys, and the Women’s Empowerment in Agriculture 

Index data.

At the same time, foresight analysis can explore driv-

ers of change for greater gender equality and women’s 

empowerment in agrifood systems. In particular, foresight 

modeling and participatory foresight exercises can help 

assess which food systems investments and interventions 

are most effective at reducing gender inequalities and 

increasing women’s empowerment — for example, closing 

gender gaps in resources, such as land ownership; reach-

ing more women with extension services and finance; 

or designing interventions to transform gender norms 

and relations. Foresight research could also explore how 

reducing gender inequalities may contribute to other pos-

itive food systems outcomes, such as greater resilience 

to climate change, poverty reduction, and food security 

and nutrition.

Lastly, while data on gender inequalities in food systems 

and women’s empowerment have increased over the 

last 10 years, more sex-disaggregated data and impact 

evaluation studies are still needed for rigorous foresight 

research on gender equality in agrifood systems.
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For more information on the topic, check out these resources:

•	 CGIAR GENDER Impact Platform Resource Hub

•	 Data2X I Partnering for Better Gender DataData2X

•	 Africa Gender Innovation Lab

•	 Launch of the FAO report of “The Status of Women in Agrifood Systems”

•	 World Economic Forum Gender Gap Report
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What do we know about  
THE FUTURE OF THE ENVIRONMENT 
AND BIODIVERSITY IN RELATION 
TO FOOD SYSTEMS?
Elisabetta Gotor (Bioversity International) and Cargele Masso (CGIAR)

Key messages
•	 The environment’s proper functioning is essential for a better life on 

Earth, including maintaining, enhancing, and restoring biodiversity 
and ecosystem services. While the environment is driven by external 
factors and shocks as well as interventions within the global food sys-
tem, it simultaneously drives the overall health and stability of the 
planet. This relationship involves complex interactions and tipping 
points, which foresight research needs to capture in analyzing alter-
native future pathways for food system transformation.

•	 A sustainable and resilient environment requires holistic approaches, 
strategies, and policies to address environmental stresses and pro-
mote conservation, regeneration, and coexistence with nature. 
These include practices that respect ecological boundaries, reduce 
resource consumption and conflict, foster biodiversity, and enhance 

ecosystem recovery and adaptability. Foresight research is essen-
tial to help decision-makers understand synergies and trade-offs 
between long-term public goods benefits and short-term private 
costs from resource use and management.

•	 Addressing food systems challenges — including root causes of envi-
ronmental degradation and biodiversity loss — requires sustainable 
land and soil management, conservation efforts, and food produc-
tion practices, in addition to economic viability and social inclusion. 
Foresight analysis can help policymakers, communities, and indus-
tries make informed decisions and prioritize and deploy effective and 
holistic strategies at the biodiversity-climate-society nexus.
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28

https://hdl.handle.net/10568/175019


What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Responsible natural resource management is urgently 

needed. The global food system is currently responsi-

ble for 21–37 percent of total net greenhouse gas emis-

sions (Olivier et al. 2018), contributing to global warming 

exceeding 1°C. Projections suggest that by 2050, agri-

cultural land will expand by 400 million hectares, 

reducing forested and natural land. This loss threatens 

biodiversity and essential ecosystem services like car-

bon storage and water regulation provided by forests 

(IPCC 2021; FAO 2022; FOLU 2019). Figure 1 shows cur-

rent environmental degradation trends that require 

action to transition to biodiversity and ecosystem func-

tion gains.

Over the past 50 years, population growth — coupled 

with a 15 percent per-person increase in material con-

sumption since 1980 — has driven alarming surges in bio-

mass extraction, fossil fuel consumption, and mineral and 

Figure 1  Current environmental degradation trends

Source: CGIAR Environmental Health and Biodiversity Impact Area Platform (EHBIAP).
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Global environmental degradation: 
A figure showing trends in environmental degradation, from a 
once-robust environment to the current scenario - terrestrial 
(75%), marine (40%), and freshwater (50%) environments 
affected by severe degradation - and possible actions to 
assist, protect, and conserve natural ecosystems and prevent 
the loss of our planet’s endangered biodiversity wildlife in the 
face of continued climate change (IPCC-IPBES 2021).

Pollution and resource depletion: 
An illustration of the annual dumping of 300-400 million tons 
of pollutants (heavy metals, toxic sludge, etc.) into waters 
and soils, and the depletion of 30% of the world's largest 
groundwater systems (UN Water 2021; UNEP 2022).
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Soil erosion projections: 
A representation of the projected 13% 
to 22.5% increase in soil erosion in the 
EU and UK by 2050, with emphasis on 
rainfall erosivity (Panagos et al. 2021).

Global multi-sector risks: 
A representation of the increase in 
multi-sector risks as global mean 
temperature rises from 1.5°C to 3°C, 
with a breakdown of impacts by 
region, especially focusing on Africa 
and Asia (Byers et al. 2018).

Land use changes by 2050: 
A projected expansion of agricultural 
land by 400 million hectares and its 
effects on forests and biodiversity 
(FAO 2022; IPCC-IPBES 2021).
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metal exploitation (IPCC-IPBES 2021). Depletion of the 

world’s largest groundwater systems has reached about 

30 percent, and over 80 percent of global wastewater is 

discharged untreated, exacerbating environmental pol-

lution. Simultaneously, massive amounts of heavy metals, 

solvents, toxic sludge, and other pollutants — 300 million 

to 400 million tons annually — are dumped into the 

world’s waters and soils. Coastal ecosystems suffer from 

extremely low oxygen levels, causing severe ecological 

degradation in terrestrial and marine environments (UN 

Water 2021; UNEP 2022).

These environmental impacts are widespread (Figure 1), 

with 75 percent of the terrestrial environment, 40 percent 

of the marine environment, and 50 percent of streams 

experiencing severe degradation, resulting in significant 

losses of wild animal biomass and plant life (IPCC-IPBES 

2021; Tudge et al. 2021). Preserving genetic diversity 

within crops, animals, and fisheries is crucial for resilient 

food systems, particularly in terms of pest and disease 

resistance (FAO 2010, 2020). Alarmingly, global pollinator 

declines threaten the reliability of pollinator-dependent 

crop yields, making them less dependable than pollina-

tor-independent crops (Smith et al. 2022). Similar chal-

lenges are reported in fisheries, such as the loss of fish 

diversity in Lake Victoria as a consequence of the intro-

duction of the invasive Nile perch, as well as expansion of 

invasive plants in terrestrial ecosystems.

LATEST FORESIGHT 
RESEARCH
Projections for 2050 indicate a high confidence in 

increased population and income, changes in consump-

tion patterns, and heightened demand for food, feed, and 

water (van Dijk et al. 2021; IPCC 2019). Demographic and 

economic factors, dietary shifts (for example, to plant-

based diets in affluent countries), innovation, trade, and 

governance will be key drivers of these changes. While 

the global goal is to achieve a more sustainable and resil-

ient environment, the diversity in environmental charac-

teristics, motivations, interests, preferences, and values 

across different regions necessitates localized solu-

tions (Townsend et al. 2020). Therefore, transitioning to a 

multi-actor and multiscale governance model is deemed 

vital for creating a sustainable future that addresses the 

unique challenges and opportunities in different local 

contexts (Wynberg et al. 2023).

Recent foresight research has highlighted critical chal-

lenges, offering insights into water scarcity, “hotspots” 

across sectors, the delicate balance between popula-

tion and agricultural productivity, and the environmental 

impacts of agricultural practices.

Water scarcity, identified as a major concern for spe-

cific regions in the future, presents a complex problem 

with large uncertainties. In their study, Greve et al. (2018) 

find that median water scarcity and the associated range 

of uncertainty are generally on the increase worldwide, 

including for many major river basins. They propose a 

decision-making framework that identifies four repre-

sentative clusters of specific water policy challenges and 

needs. Huang et al. (2021) propose a potential solution 

through adaptive inner-basin water allocation measures, 

demonstrating that such interventions could lead to a 

12 percent decrease in the global population exposed to 

water scarcity by 2050. However, they note that adaptive 

measures may intensify agricultural water scarcity in the 

upstream area of the basins.

Byers et al. (2018) broaden this perspective, assessing 

the interactions between climate change risks and socio-

economic development by calculating 14 impact indica-

tors across water, energy, and land sectors. Their study 

finds that global exposure to multisector risks doubles 

when the global mean temperature (GMT) increases from 

1.5°C to 2°C, doubles again with a 3°C GMT increase, and 

is approximately six times higher in scenarios character-

ized by high poverty and inequality. While 85–95 percent 

of global exposure to multisector risks is concentrated 

in Asian and African regions, these regions also account 

for 91–98 percent of the exposed and vulnerable popula-

tion (depending on the SSP (shared socioeconomic path-

way)/GMT combination), with approximately one-half of 

this population located in South Asia. In higher warming 

scenarios, a growing proportion of the exposed and vul-

nerable population is found in African regions. This pro-

portion ranges from 7–17 percent at 1.5 °C, doubles to 

14–30 percent at 2 °C, and doubles again to 27–51 percent 

at 3 °C. Therefore, focusing on reducing poverty, miti-

gating emissions, promoting adaptation, and achieving 

targets in the water, energy, and land sectors have the 

potential to significantly reduce multisector climate risks 

for vulnerable populations.

A critical aspect addressed by a recent multimodel anal-

ysis emphasizes that the balance between changes in 

population and agricultural productivity is pivotal in 

30



determining the pressure for future expansion of crop- 

and pastureland (Stehfest et al. 2019). However, the 

authors highlight that land use regulations are under-

represented in models and should receive more atten-

tion in future assessments, while modeling is critical to 

inform effective land use policies and planning. Similarly, 

Springmann et al. (2018) explore the environmen-

tal impacts of increases in agricultural yields and how 

changes in food management, technology, and transition 

to healthy diets may help mitigate these impacts. They 

estimate that implementing these measures — especially 

those targeting food loss and waste — can reduce environ-

mental pressures on the food system by 25–45 percent 

compared to the 2050 baseline projection in medium-am-

bition scenarios, and by 30–60 percent in high-ambi-

tion scenarios.

Bergstrom et al. (2021) contribute valuable insights by 

examining the current state and trajectories of 19 eco-

systems across diverse latitudes and environments. Their 

“3As” framework — awareness, anticipation, and action — 

guides decision-making in the face of chronic “presses” 

and acute “pulses” affecting terrestrial and marine ecosys-

tems collapse (for example, loss of services and species). 

Key recommended policy actions include aligning global 

climate policies with Paris Agreement targets, enhancing 

protected area management, incentivizing sustainable 

land use, adopting adaptive management, integrating 

Indigenous knowledge, boosting research funding, and 

fostering international collaboration.

Finally, Panagos et al. (2021) shift the focus to soil ero-

sion by water within the agricultural areas of the European 

Union and the United Kingdom, projecting a significant 

increase of 13.0–22.5 percent by 2050 due to a combi-

nation of climate change and land use patterns. While a 

shift to more pastureland could potentially reduce erosion 

by 3 percent, the projected increases in rainfall erosivity 

are expected to counteract this effect, leading to overall 

increases in soil erosion. The study suggests that the most 

effective strategy is to tie the EU Common Agricultural 

Policy incentives to environmental performance in a tar-

geted manner. For optimal results, soil conservation mea-

sures, such as cover crops and reduced tillage, should be 

applied to at least 50 percent of erosion hotspots to miti-

gate both water and wind erosion.

Collectively, these studies paint a comprehensive picture 

of the challenges we face, but they also offer promising 

solutions. Proactive policy and investment decisions today 

can play a crucial role in mitigating resource depletion’s 

impacts and contributing to a more resilient environ-

ment. The importance of adaptive and forward-looking 

strategies in resource management emerges as a recur-

ring theme, underscoring the need for a holistic and pro-

active approach to address these complex environmental 

issues on a global scale. In the current climate crisis, mod-

els to help decision-makers optimize the synergies among 

the environmental, agricultural, economic, and social 

inclusion dimensions of food systems are required more 

than ever.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Despite significant advances in foresight research on 

environmental sustainability, several key gaps and ques-

tions remain.

First, foresight analysis is needed to identify sustainable 

practices for land, soil, and water management, espe-

cially in developing countries and regions where resource 

pressures are substantial. However, these practices also 

remain critical in selected food production systems of 

developed countries.

Second, both understanding the link between ecosystem 

functions and services and optimizing trade-offs across 

sociocultural systems, food systems, and land and water 

systems are crucial for building resilience (Karki et al. 

2018; Panyadee et al. 2018; Rahman et al. 2011; Sharma 

et al. 2018). In the past, society focused more on provi-

sioning services (that is, increasing agricultural produc-

tion) at the expense of regulating cultural and supporting 

services. In the future, there is a need for understand-

ing ecosystem linkages (Walker et al. 2010) and for opti-

mization across the nexus between sociocultural factors, 

pressures for economic growth, and food, land, soil, and 

water systems.

Third, future research should focus on enhancing pro-

ductivity to meet the needs of the growing global pop-

ulation while effectively managing competition for land 

and water. The impact of both short- and long-term sys-

tem shocks on the ability to adapt to environmental 

changes also requires thorough investigation (Benton 
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et al. 2018). The development of early warning systems 

and recovery measures is essential for effective adaptive 

strategies (Kramer et al. 2019; Nkiaka et al. 2019; Street et 

al. 2019).

Finally, understanding the local nuances and factors that 

influence sustainable practices is critical, necessitating a 

transition to a contextualized multi-actor and multiscale 

governance model (Wynberg et al. 2023). Holistically 

addressing these gaps and questions will contribute to 

a more comprehensive understanding of the challenges 

and opportunities for achieving a sustainable and resilient 

environment and food system.
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What do we know about  
THE FUTURE OF FOOD SYSTEMS 
TRANSFORMATION IN RELATION 
TO CLIMATE CHANGE?
Timothy Thomas (IFPRI) and Aditi Mukherji (CGIAR)

Key messages
•	 Climate change poses major challenges to agriculture and food sys-

tems, but the latest foresight modeling suggests impacts may be 
more nuanced than previously thought. For example, economic feed-
back mechanisms affect global average impacts of climate change 
on yields and important differences arise between the various green-
house gas (GHG) emissions scenarios and climate models.

•	 More importantly, global averages mask wide diversity in impacts 
across geographies, commodities, and people’s ability to adapt.

•	 In addition to long-term impacts of changes in global averages, 
increasing climate variability is likely to lead to a higher frequency of 
production shocks from adverse climate events.

•	 Climate change is expected to lower GDP and therefore increase the 
number of food-insecure households and increase poverty. It may 
also slow growth of agricultural productivity, adversely impacting 
rural households.

•	 Agriculture and food systems (including diets, energy use, and land 
use change) play a key role in global emissions and strategies to 
reach net zero, but these strategies are at cross purposes with meet-
ing food needs under climate change and rising demand for food 
globally. Foresight modeling can help decision-makers evaluate 
these trade-offs and ameliorate particularly adverse impacts.

CHAP TER 6
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Climate change is resulting in costlier shocks from 

extreme events. In 2022 alone, climate change wreaked 

havoc on agriculture when devastating floods occurred 

in Pakistan (Otto et al. 2023); the worst heatwave in India 

took a huge toll on the wheat harvest (Zachariah et al. 

2023); the worst drought in 40 years in the Horn of Africa 

exacerbated food insecurity and caused famine in some 

places (Kimutai et al. 2025); devastating tropical cyclones 

destroyed infrastructure and property in places such 

as Florida (United States) and the Philippines; and land-

slides from flooding caused destruction and loss of lives 

in Latin America. Add to this ongoing sea level rise lead-

ing to frequent inundation of crops and salinization in the 

past decades in major river deltas in Bangladesh and Viet 

Nam, and it is clear how climate change is affecting the 

entire food system.

Governments worldwide are acknowledging the losses 

and damages caused by greenhouse gas (GHG)-

induced climate change, creating a fund during the 

27th Conference of the Parties to the United Nations 

Framework Convention on Climate Change (COP27) for 

assistance or reparations, depending on the perspec-

tive one takes. Seneviratne et al. (2021) describe in more 

detail the mechanisms through which devastating climate 

events are occurring more frequently.

LATEST FORESIGHT 
RESEARCH
The primary reference for understanding the latest in cli-

mate change research is the Sixth Assessment Report 

(AR6) of the Intergovernmental Panel on Climate Change 

(IPCC). It is published in three large volumes. The first 

focuses on the latest research on the physical science 

related to climate and climate changes (IPCC 2021). The 

second focuses on the impact of climate change on the 

systems that people rely on for their well-being (IPCC 

2022a). Chapter 5 (Bezner et al. 2022) focuses on agri-

culture. The third volume of the AR6 focuses on climate 

change mitigation (IPCC 2022b), with an important chap-

ter on Agriculture, Forestry and Other Land Uses (AFOLU; 

Nabuurs et al. 2022). Other sources concerning GHG 

emissions mitigation from the AFOLU sector are Mukherji 

et al. (2023, 2024). Summaries of the latest research on 

climate and food can be found in the CGIAR Climate 

Insights (2025). For a summary of the latest IMPACT 

foresight model results, see Rosegrant et al. (2024) or 

Rosegrant et al. (forthcoming).

Foresight models generally project modest global 
average impacts of climate change on agricultural 
productivity. Several studies of the long-term impact of 

climate change find modest impacts on aggregate agri-

cultural productivity at the global level (Jägermeyr et 

al. 2021; Rosegrant et al. 2024), reflecting that losses in 

some locations and crops are offset by gains in others. For 

example, Jägermeyr et al. (2021) estimate yield changes 

from climate change between 1983–2013 and 2069–2099 

for the world’s four largest crops (using five climate mod-

els and 12 crop models, allowing for CO2 fertilization, 

and focusing on the low- and high-emissions scenar-

ios, SSP126 and SSP585, but not accounting for changes 

in technology or markets). Under these scenarios, they 

project global average yield losses of 6.4–24.1 percent 

for maize, yield changes of −2.0 to +2.1 percent for soy-

beans, and yield gains of 1.7–3.4 percent for rice and 

8.8–17.5 percent for wheat. Global economic models proj-

ect that changes in technology and markets will moderate 

these global average impacts, at least until mid-century 

(Rosegrant et al. 2024).

Digging deeper reveals important differences in 
impacts. Global averages conceal important differences 

between regions, countries, and even locations within a 

given country. In the process of spatially differentiating 

climate impact, it is possible to identify “hotspots” — loca-

tions where climate change will force major changes in the 

production systems currently used (Heikonen et al. 2025). 

More work can be done on this.

In addition to hotspots, a perhaps more significant impact 

hidden in the global averages is how interannual vari-

ability of climate can lead to considerable variability in 

yields. Extremely low or high rainfall or temperature in a 

given year can result in very low yields. Global averages 

offset low-yield years with normal- and high-yield years. 

Yet because of the devastating effect for farmers and for 

low-income consumers, years with climate shocks take on 

great importance.

Foresight analysis thus gives us two complementary mes-

sages. First, at the global level, production is projected to 

roughly keep pace with demand for food, livestock feed, 
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Figure 1  Frequency of 1-in-20-year low maize yield events in southern Africa: Comparing 
frequency in the 2020s to the 2060s under various emissions scenarios

Lowest emissions Low emissions

Medium emissions High emissions

Source: Thomas et al. (2022b).
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and stock for biofuels. And second, in certain locations or 

in certain years, production shocks will result in hardship, 

but foresight modeling can help identify risks in advance 

so that policy interventions can aid in adapting before the 

shocks are fully realized.

The frequency and impact of extreme events will 
increase. Thomas et al. (2022a, 2022b) modeled the 

impact of climate change on climate shocks — 1-in-20-

year low-rainfall, high-temperature, or low-yield events in 

10 countries of southern Africa — using a distribution of 

over 500,000 simulated climates (see Figure 1 for impact 

on low-yield events for maize). The authors noted a large 

increase in the frequency of low-yield events in most parts 

of the region (though in relatively small areas, low-yield 

events actually decreased). Another way of understanding 

their results is to say that 1-in-20-year low-yield events will 

have lower yields than before climate change. Other stud-

ies that have looked at the interannual variability of yields 

include Ostberg et al. (2018); Liu, Ye, and Shi (2021); Chen, 

Zhang, and Tao (2018); Stuch, Alcamo, and Schaldach 

(2020); Torriani et al. (2007); and Thornton et al. (2009).

Heat stress is projected to adversely affect labor pro-
ductivity. Nelson et al. (2024) examine the impact of heat 

stress on manual work in the agriculture sector. They find 

that under the highest emissions scenario, the productiv-

ity of labor will drop from the current level of 86 percent 

to 70 percent by the end of the century. They also dis-

cover that certain regions will experience a much higher 

effect, and they investigate how much machinery will be 

required to replace human labor. Heat stress on human 

labor is currently not accounted for in most foresight 

modeling and suggests an important cause of produc-

tivity declines that should be incorporated in future sce-

narios (see also Parsons et al. 2021 and Dasgupta and 

Robinson 2023).

There is little agreement regarding climate’s impact on 
overall productivity growth. Many studies have tried to 

estimate the impact of climate change on overall agricul-

tural productivity (beyond what process-based models 

can estimate) and on the economy in general. Dell, Jones, 

and Olken (2012) suggest that in addition to the direct 

impact of temperature and precipitation on the level of 

production, it is theoretically possible that climate might 

impact the rate of growth of production. However, little 

agreement exists between studies that have endeavored 

to investigated this issue: some find very large impacts 

on agriculture and on the whole economy, while other 

studies find modest impacts (Dell, Jones, and Olken 

2012; Burke, Hsiang, and Miguel 2015; Burke, Davis, and 

Diffenbaugh 2018; Diffenbaugh and Burke 2019; Casey, 

Fried, and Goode 2022, 2023; Barrage 2020; Hassler et 

al. 2019; Golosov et al. 2014; Nordhaus and Boyer 2003; 

Donadelli et al. 2017; Letta and Tol 2019; Zhang et al. 

2018; Chancellor et al. 2021; Ortiz-Bobea et al. 2021; Liang 

et al. 2017; Xiang et al. 2022; Kotz, Levermann, and Wenz 

2024). Studies that impose a growth effect on their analy-

sis (while excluding the level effect) find very large costs 

due to climate change (Burke, Davis, and Diffenbaugh 

2018; Ortiz-Bobea et al. 2021). Despite disagreement con-

cerning the magnitude of the impact of climate change on 

GDP, it is generally agreed that there is a negative impact 

of climate change on GDP not accounted for in most if not 

all foresight modeling scenarios. While the impact on the 

level effect of agricultural total factor productivity (TFP) is 

modeled by use of bioeconomic models, if climate exerts 

a growth effect on agricultural TFP as some research sug-

gests, this is not accounted for in foresight modeling sce-

narios and could create a much more adverse projection 

for future agricultural productivity.

CO2 fertilization reduces nutrients in crops. Finally, 

despite CO2 fertilization tending to increase yields (espe-

cially of crops other than maize, sorghum, millet, sugar-

cane, and teff), it also has the effect of reducing protein, 

vitamin, and mineral content by harvested weight (Myers, 

Zanobetti, Kloog et al. 2014), and foresight models are 

able to project the impact on nutrition. Refer to the chap-

ter on diets and nutrition by Sulser et al. in this volume to 

learn more. Furthermore, some disagreement arises in the 

scientific literature about the size of the CO2 fertilization 

effect (Toreti et al. 2020; Li et al. 2017; Allen et al. 2020; 

Zhu et al. 2023; Yuan et al. 2019).

Emissions from the food system are large and need to 
be reduced. Crippa et al. (2021) calculate that 34 percent 

of the world’s GHG emissions are from the food sys-

tem, including production of fertilizer, land use and land 

use change, non-CO2 emissions from enteric fermenta-

tion and wet soils, transportation, processing, and retail. 

Important avenues for getting the global food system to 

net zero emissions are through afforestation and refor-

estation, particularly on low-productivity agricultural 

lands. This often comes with a reduction in livestock pro-

duction, particularly cattle, which are seen as drivers of 

deforestation for more pasture and are themselves large 

methane emitters (a powerful GHG), primarily through 

enteric fermentation.
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Reducing emissions will also require changes in eat-

ing habits. Springmann et al. (2018) analyze options for 

making the global food system both more nutritious 

and sustainable while staying within planetary bound-

aries (Rockström et al. 2009a, 2009b), one of which is 

GHG emissions, but other agriculture-related boundar-

ies include use of nitrogen and phosphorous fertilizers, 

deforestation, freshwater availability, and biodiversity 

loss. Springmann et al. (2018) argue that it would be diffi-

cult to stay within these boundaries and provide sufficient 

nutrition to people without major changes to consumer 

demand for food, including reducing consumption of pro-

teins from livestock. The pushback on this research has 

primarily dealt with the difficulty of changing consumer 

behavior and the infeasibility for many people in devel-

oping countries of affording the suggested alternative 

diet, suggesting limits to how much diets will be able to 

change (Hirvonen et al. 2020).

KEY GAPS AND 
OPPORTUNITIES FOR 
FURTHER RESEARCH

The preceding section highlighted some of the latest find-

ings, but also pointed to how those findings could be 

expanded or included in foresight modeling scenarios, 

such as including climate impact on GDP or agricultural 

TFP growth and including the effects of heat stress on 

labor productivity effects of climate change.

While studies like Thomas et al. (2022a, 2022b) show the 

impact of climate uncertainty and interannual variabil-

ity on the frequency of production shocks for southern 

Africa, more work could be done globally, potentially 

leading to solutions that mitigate increases in food inse-

curity and climate shocks that result from climate change. 

Furthermore, their work examines only the impact of cli-

mate uncertainty, but does not examine the impact of 

increasing climate variability, which could be included in 

future foresight modeling.

Other climate-related gaps in many foresight 

models include:

•	 The impact of climate change on livestock productivity.

•	 Estimating and accounting for losses from flooding, 

waterlogging, sea-level rise, storm surge, submersion, 

and salinization on yields and availability of agricul-

tural land.

•	 Accounting for the impact of loss of glaciers and 

reduction in glacier melt for irrigation water.

•	 Accounting for other large losses of harvests that are 

increasing under climate change, including wildfires 

and landslides.

•	 The effect of climate change on pests and 

diseases, and how these changes impact crop and 

livestock productivity.

•	 Careful analysis of climate change impact by growing 

season in countries with multiple seasons.
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THE FUTURE OF AGROBIODIVERSITY 
IN RELATION TO FOOD SYSTEMS?
Nicola Cenacchi (IFPRI), Elisabetta Gotor (Bioversity International), 
Athanasios Petsakos (Bioversity International), and Benjamin Schiek (CIAT)

Key messages
•	 Agrobiodiversity — the diversity of living organisms that underpin 

agricultural systems — provides numerous critical benefits, from 
on-farm crop diversity and genetic resources that allow farmers to 
adapt crops to changing environments to the provision of ecosystem 
services such as pollination, disease and pest resistance, soil health, 
and water conservation. These benefits in turn support resilient live-
lihoods, food security, and diversified, nutritious diets.

•	 A number of ex ante theoretical and practical approaches have been 
used to show how greater agricultural biodiversity is connected to 
higher production and lower risk exposure, and to assess the role 
that agrobiodiversity plays in supporting agricultural systems resil-
ience. But little has been done to integrate the measurement of agro-
biodiversity into foresight modeling, or to apply foresight tools and 

methods to study long-term effects of agrobiodiversity on socio-
economic or environmental outcomes.

•	 The recent development of the Agrobiodiversity Index and advances 
in integrated modeling systems provide opportunities for improved 
scenario analysis focused on agrobiodiversity and informed by agro-
ecology and agricultural economics theory.
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RECENT TRENDS AND 
CHALLENGES
It is well established that protecting and investing in 

greater agrobiodiversity is needed to achieve multiple 

Sustainable Development Goals (Fowler and Hodgkin 

2004; Hajjar, Jarvis, and Gemmill-Herren 2008; Wood et 

al. 2018; Waha et al. 2022), and that this diversity is threat-

ened by many factors, including climate change, socio-

economic trends, and management decisions that have 

led to a global homogenization and degradation of both 

farmland and its genetic resources (IPBES 2019; Purvis et 

al. 2019; Landis 2017). For example, it is estimated that up 

to 22 percent of wild crop species may go extinct by 2055 

(Brauman et al. 2019; Jarvis, Lane, and Hijmans 2008), and 

that over 9 percent of domesticated mammal breeds had 

already become extinct by 2016 (IPBES 2019).

The magnitude of such threats is undermining the future 

sustainability of agricultural production and the food secu-

rity and livelihoods of countless producers and consum-

ers: for example, the loss of pollinators has reduced the 

value of annual global crop production by an estimated 

US$235 to $577 billion (IPBES 2019; Potts et al. 2016). 

The large uncertainty inherent in the evolution of global 

and local drivers of change, and the ensuing challenges, 

require tools in support of urgent and informed decisions. 

However, few studies have applied foresight tools to ana-

lyze the medium- to long-term effects that investing in 

agrobiodiversity may have on socioeconomic and ecolog-

ical outcomes, as well as for adaptation to and mitigation 

of climate change. Such studies may also be useful to high-

light the trade-offs between immediate human needs and 

the benefits that agrobiodiversity may provide in the long 

term through the provision of multiple ecosystem services.

LATEST FORESIGHT 
RESEARCH
A mature literature exists on the farm-level benefits, 

impact pathways, and nonmarket valuation of agrobio-

diversity (Di Falco 2012; Kontoleon, Pascual, and Smale 

2009). Linking modeling insights developed at the farm 

scale with mechanisms and drivers at the ecosystem, 

national, and global scale remains a challenge, however. 

A rich literature also addresses the effects that alterna-

tive policies or management practices may have on levels 

of agrobiodiversity (Petsakos et al. 2023). However, to our 

knowledge, such studies generally lack a time dimension 

and consideration of other important drivers of change in 

food systems over the medium to longer term.

Few studies based on scenario analysis have used inte-

grated models to explore the effects of increased agro-

biodiversity on farm productivity, incomes, diets, and 

ecosystem services (Enahoro et al. 2019, 2023; Kozicka et 

al. 2020, 2022). These studies commonly link a global par-

tial equilibrium model of the agriculture sector to farm 

models, environmental simulation tools, and models that 

analyze changes in ecosystem services.

When agrobiodiversity is studied as a driver of change, 

it is often represented through proxy indicators. For 

instance, scenario analysis has been used to explore how 

agroforestry compares to monocropping vis-à-vis the 

expansion of agricultural land to accommodate grow-

ing demand for animal-source foods in Tanzania (Enahoro 

et al. 2019; Kozicka et al. 2022). In these studies, the two 

management systems are mainly distinguished in terms 

of the biomass they are able to produce to meet livestock 

production needs (for example, yields of maize in mono-

cropping are double the yields of agroforestry), or char-

acterized through parameters relevant to the delivery 

of specific ecosystem services (for example, above- and 

below-ground carbon pools).

Foresight work looking at changes in the level of agrobio-

diversity is also uncommon. In one example, the Shannon 

Index was used as a measure of change in agrobiodiver-

sity following three possible scenarios of impacts on farm-

ing systems in Uganda (Kozicka et al. 2020).

Study results in Tanzania show that, compared to mono-

cropping, agroforestry-based interventions hold promise 

for mitigating losses to key ecosystem services; in particu-

lar, erosion was halved while increasing production of ani-

mal-source foods. However, because more agrobiodiverse 

systems generate lower yields and greater conversion to 

cropland, some trade-offs may arise between meeting the 

demand for animal-source foods and maintaining ecosys-

tem services (Enahoro et al. 2019; Kozicka et al. 2022).

The Uganda case study shows that increasing on-farm crop 

diversity can improve soil and human health and lead to 

greater socioeconomic system resilience against both cli-

mate shocks and damages from pests and diseases (Kozicka 

et al. 2020; Kozicka, Groot, and Gotor 2019). However, 
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trade-offs do exist. While greater diversity can boost rev-

enues and could restore dietary vitamin A to close to pre-

shock levels, it may also lead to more volatility in revenues.

Similarly, other studies summarize the multiple ave-

nues through which agroforestry interacts with planetary 

health, note the need for highly context-specific assess-

ments (Rosenstock et al. 2019), and highlight the benefits 

of agroforestry for household asset accumulation, while 

also pointing out the difficulties in achieving broad adop-

tion (Hughes et al. 2020).

Crop diversity was the focus of a recent study on durum 

wheat in Ethiopia, where a GTAP (Global Trade Analysis 

Project)-derived1 model was used to test adoption of tradi-

tional wheat varieties (TV; those adapted to more extreme 

agroecological conditions in low-input systems) versus 

modern high-yielding varieties (MV; those more adapted 

to high-input monocropping systems) under climate 

change (Gotor et al. 2024). This study showed that an inte-

grated approach based on the geographically targeted 

adoption of TV and MV can lead to better adaptation to cli-

mate change and boost agricultural production as a result.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

There seems to be a lack of research and application of 

foresight analysis to either the measurement of agrobio-

diversity or its role as a driver of ecosystem services and a 

key determinant of food security and resilient livelihoods. 

Factors that may contribute to this situation include 

(1) confusion around the definition of agrobiodiversity; 

and (2) the difficulty of capturing in foresight models the 

causal relationships between socioeconomic factors and 

their impacts on agrobiodiversity. While these difficul-

ties are not trivial, we see three possible ways of including 

agrobiodiversity in foresight-type scenario analysis.

First, long-run scenario analysis could be used to estimate 

across geographies and farming systems how agrobio-

diversity may be changing as a result of specific poli-

cies and management decisions. The recently published 

1	 https://www.gtap.agecon.purdue.edu

Agrobiodiversity Index (ABDI) (Jones et al. 2021) provides 

an opportunity for foresight models to systematically 

measure a broad range of aspects related to agrobiodi-

versity across both producer and consumer sides of the 

food system.

Second, agrobiodiversity can be analyzed in terms of the 

future effects it may have on outcomes, from the provi-

sion of ecosystem services to agricultural productivity, 

incomes and livelihoods, and food security. This area of 

foresight research is still in its infancy. An additional path 

may be through development of a feedback loop between 

a land use change model and an integrated model such 

as IMPACT (International Model for Policy Analysis of 

Agricultural Commodities and Trade) (Robinson et al. 

2015), with possible links to biodiversity models.

And third, foresight tools and methods can be used to 

explore how major global drivers of change — as well as 

different policies, technologies, and trends — may affect 

biodiversity in general. These types of analyses are fairly 

well established from a methodological standpoint, but 

the emphasis is typically given to extinction risk, abun-

dance, habitat loss and degradation, and changes in 

species distributions, especially for vascular plants and 

vertebrates (Flachsbarth et al. 2015; Leclère et al. 2020). 

But some such studies and methodologies may offer 

additional insights into impacts on agrobiodiversity.
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What do we know about  
THE FUTURE OF CROP PESTS 
AND DISEASES IN RELATION 
TO FOOD SYSTEMS?
Athanasios Petsakos (Bioversity International), Carlo Montes (Bioversity International), 
Diego Pequeno (CIMMYT), Benjamin Schiek (CIAT), and Kai Sonder (CIMMYT)

Key messages
•	 Crop pests and diseases (P&D) can cause substantial yield losses and 

pose a threat to global food security. Losses at a regional level can 
even exceed 40 percent for crops like maize and rice.

•	 Most studies show that a warmer climate creates a conducive, albeit 
spatially variable, environment for P&D spread. However, existing 
foresight research is largely biophysical in nature and focuses on 
individual pathosystems, examined mostly at the national level. As 
such, projections of the magnitude of economic impacts of changing 
patterns of P&D are missing.

•	 Global assessment of model-based historical and future P&D impacts 
on food systems remains constrained by the small number of avail-
able models that can estimate yield losses under contrasting climate 
and agroecological conditions.

•	 Efforts are needed to improve data accessibility, model versatility, 
and simulation platforms and to establish international observation 
and modeling networks. Artificial intelligence (AI) and related meth-
ods can assist in the development of robust and adaptable models to 
capture the impacts of P&D on food systems.
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RECENT TRENDS AND 
CHALLENGES
Pests and diseases (P&D) present a major threat to 

global food security and have led to several famine 

events in human history, like the infamous Irish potato 

famine in the mid-19th century. Latest estimates sug-

gest that current average losses to P&D for wheat, 

maize, rice, potatoes, and soybeans are in the range of 

17–30 percent globally (Figure 1). Losses for maize and 

rice in the Indo-Gangetic Plains in India even exceed 

40 percent (Savary et al. 2019). Without use of pest and 

disease control, these losses could double (OECD/

FAO 2012).

Recent P&D outbreaks and emergencies have put the 

spotlight on P&D, leading the United Nations to declare 

2020 the International Year of Plant Health. Examples 

of such incidents are abundant: the “Panama” disease, 

which almost caused a collapse of banana trade in the 

mid-1900s, is once again threatening banana produc-

tion worldwide, leading Colombia to declare a national 

emergency in 2019 and prompting concern about 

the possible “near-death” of banana cultivation. The 

recent desert locust outbreak in the Horn of Africa trig-

gered international concerns about food security in the 

region. Similar concerns are even shared by developed 

countries that have witnessed a reemergence of the 

wheat stem rust disease after almost 60 years (Lewis et 

al. 2018).

Climate is one of the most important factors mediating 

the impact of P&D on food systems. Climate change is 

thus expected to affect existing pathosystems, leading 

to epidemiological and distributional changes in existing 

P&D (Bebber, Castillo, and Gurr 2016; Garrett et al. 2006). 

It can also facilitate the establishment of new pathogens, 

especially when combined with increased trade between 

countries, as happened recently in the case of the wheat 

blast disease, introduced to Bangladesh in 2016 via inter-

national wheat trade. The disease is now threatening 

wheat production in South Asia, especially those regions 

where climate conditions are most suitable for its devel-

opment (Montes, Hussain, and Krupnik 2022; Pequeno et 

al. 2024).

Figure 1  Estimated global yield losses to pests and diseases based on expert opinion, 
average over 2010–2014

Source: Data drawn from Savary et al. (2019).
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LATEST FORESIGHT 
RESEARCH
Many studies have assessed the potential impacts of cli-

mate change on future threats associated with P&D, often 

examining one pathosystem at a time and at varying spa-

tial scales. Juroszek et al. (2022) reviewed 143 studies per-

forming model-based projections of potential disease 

infection risks for 30 different crops. The review reveals 

that more than 60 percent of them project an increase 

of infection risks in the future, but results are associ-

ated with high uncertainty and exhibit considerable spa-

tial variability.

Chaloner, Gurr, and Bebber (2021) found that projections 

(to the late 21st century) of climate-induced yield changes 

for 12 crops exhibited positive spatial correlations with 

infection risks from 80 crop pathogens. These results 

suggest that while climate may become more suitable 

for crop growth over some areas in the future, it will also 

be conducive to pathogen development. Their analysis 

reveals that the number of pathogens developing under 

suitable climate conditions (pathogen richness) will likely 

increase in higher latitudes for most crops except rice, for 

which an increase in pathogens is projected across all lati-

tudes. For instance, Europe, China, and Peru are expected 

to face the greatest overall pressure from P&D in the 

future because of increased pathogen richness and large 

changes in the composition of pathogen assemblages.

Deutsch et al. (2018) studied the global impact of increas-

ing temperatures on grain losses from insect pests by 

2050. Their analysis shows that a warmer climate can 

lead to up to 25 percent higher yield losses globally per 

degree of temperature increase. The United States, China, 

and Europe are likely to face the largest increase in yield 

losses for wheat (>60 percent) and maize (>40 percent), 

whereas China and South Asia are expected to register up 

to almost 30 percent higher losses for rice.

Several authors (Liu and Van der Fels-Klerx 2021; Moretti, 

Pascale, and Logrieco 2019) highlight the increased risks 

of aflatoxin contamination with climate change and the 

expansion of current risk areas (mainly in tropical and sub-

tropical zones) to Europe, the United States, and southern 

latitude countries like Argentina and Australia. Increased 

CO2, elevated temperatures, drought, and the combina-

tion of these factors are expected to increase crops’ sus-

ceptibility to pathogens. Among the major staples, maize 

has been found to be more susceptible to infection, with 

aflatoxin-producing pathogens leading to high aflatoxin 

levels when grown under very dry and warm conditions in 

combination with drought. These climate conditions are 

expected to be more frequent in the future. Forecasting 

models have been developed in combination with crop 

phenology models to calculate the aflatoxin risk index 

(ARI) under current and future conditions to determine 

critical levels of infection (Alvito and Assunção 2021). 

Given the increasing high risk of aflatoxin contamina-

tion for humans and livestock, especially in tropical areas, 

more forward-looking analyses are required to inform 

policy decisions and assess the economic viability of 

potential long-term agroecological solutions for aflatoxin 

biocontrol, such as Aflasafe (Atehnkeng et al. 2022).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Quantifying the future pressure of P&D on food sys-

tems remains a challenge. The difficulty in modeling P&D 

stems from the complexity of simulating the various pro-

cesses related to P&D dynamics, which is exacerbated 

by the existence of multiple pathosystems, the uncer-

tainty related to model parameterization, and the lim-

ited availability of the data needed for model validation 

and calibration.

Among existing P&D models, only a few have been imple-

mented at the regional or global scale, considering long-

term climate trends (Juroszek et al. 2022). The number 

of models that quantify the impact of P&D on yields is 

equally small, and mostly focused on the main grain crops 

such as wheat, maize, and rice (for example, Batchelor et 

al. 2020; Willocquet et al. 2002, 2022).

The difficulty in quantifying losses to P&D and in account-

ing for socioeconomic conditions currently presents a 

major obstacle in linking P&D models with existing inte-

grated foresight modeling frameworks to assess poten-

tial P&D pressures on food production systems and food 

security in the future. As such, current foresight work 

largely focuses on how climate change affects biophysi-

cal processes for specific P&D, and future changes in risk 

of infection. However, the link to crop yield responses and 

to food security is missing. Attempts to combine P&D with 
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economic models to address food security issues are still 

at an embryonic stage, with current research limited to 

“what if” analyses of the economic impacts from poten-

tial epidemics of specific crop diseases (Godfray, Mason-

D’Croz, and Robinson 2016; Petsakos et al. 2023).

The need to link epidemiological and crop simulation 

models to quantify the impacts of P&D on crop devel-

opment and yield has long been considered one of the 

priorities for P&D modeling, but also an important chal-

lenge (Cunniffe et al. 2015; Donatelli et al. 2017). Recent 

research on coupling crop modeling with generic P&D 

modeling (Batchelor et al. 2020; Pequeno et al. 2024), 

along with the expressed need to create multidisciplinary 

communities of practice, reveals opportunities for improv-

ing existing tools and enhancing our understanding of the 

future impacts of P&D on food systems.

Given the complexity of agronomic system interactions, 

AI techniques offer a promising alternative and comple-

ment to traditional crop and P&D modeling approaches. 

AI-driven methods, particularly machine learning and 

deep learning algorithms, excel at identifying nonlinear 

patterns and relationships that may elude conventional 

modeling techniques. AI has the potential to overcome 

existing modeling limitations by integrating cause-and-

effect relationships from diverse and complex data 

sources, including satellite imagery, sensor data, and his-

torical records. This integration could not only improve 

model accuracy but also expand applicability across var-

ious agricultural scenarios. By leveraging these capabili-

ties, researchers can develop more robust and adaptable 

models that capture the intricate dynamics of P&D 

impacts on crops and can be easily used to inform inte-

grated foresight modeling frameworks.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS?

What do we know about  
THE FUTURE OF LAND IN 
RELATION TO FOOD SYSTEMS?
Ricky Robertson (IFPRI), Nicola Cenacchi (IFPRI), and Abhijeet Mishra (IFPRI)

Key messages
•	 The total amount of cropland across the globe is likely to expand over 

the next three decades due to rising demand for food along with feed 
for livestock.

•	 Pasture will likely be stable or contract as livestock production con-
tinues to shift away from grazing and toward intensive use of feed 
and transported fodder.

•	 Climate change will increase the overall challenge and drive addi-
tional cropland expansion by generally reducing potential yields, 
although some crops and locations will benefit (typically higher lati-
tudes and, to a lesser extent, higher elevations).

•	 Natural land will be displaced by cropland in some areas. In particu-
lar, forests in the tropics are at greater risk of conversion than in other 
regions. Beyond cropland incursion, the types, mixes, and footprints 
of natural vegetation may be affected by climate change.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Land continues to be transformed by human activities. 

With the growing human population and higher incomes, 

demand for land has risen, driven by the need for housing, 

crop cultivation, livestock rearing, and timber production. 

Within the global trend, local dynamics can feature diverse 

patterns of land use change that partially cancel each other 

out when looking at worldwide figures (Winkler et al. 2021).

Cropland is the major human-managed land cover, cov-

ering an estimated 12 percent of the global ice-free land 

surface (Shukla et al. 2019). Despite the increasing accu-

racy of Earth observation systems, estimates of the precise 

2020 cropland area, and 2000–2020 expansion rates, are 

still uncertain, largely due to differing land use definitions 

across maps (Tubiello et al. 2023). The FAOSTAT data-

base continues to be the primary starting point for under-

standing global trends in cropland (Tubiello et al. 2023). 

The country-level values reported in the database are for 

harvested areas of crops during the reported year in each 

country, which can then be aggregated to the entire world. 

The corresponding actual space taken up on the ground 

(the physical area) will be smaller because some locations 

support multiple harvests in a single year, whether of the 

same crop or different crops using the same fields.

Reported harvested areas have consistently trended 

upward. Currently, about 290 million hectares (Mha) of 

land area are harvested. Since 2002, harvested area has 

increased at a rate of approximately 14.5 Mha/year, while 

prior to 2002 this rate was much lower, at about 5.4 Mha/

year (FAOSTAT). The main crops associated with the post-

2002 acceleration are maize and soybeans, but these 

only account for 40 percent of the acceleration (Cassman 

and Grassini 2020). Oil palm, sesame seed, cassava, and 

rape/colza seed have also made important contributions, 

showing high area growth compared to their 2002 levels. 

Geographically, major cropland expansion has occurred 

in South America and Africa.

The trends in reported pasture areas are the opposite of 

those in cropland, declining over the last two decades 

(Ritchie 2022). The shift arises from the interplay among 

changes in demand for animal products, intensification of 

animal production (which decreases the need for pasture 

by shifting to other sources of feed/fodder instead of pas-

ture-based forage, which in turn requires more cropland), 

and the challenges within the reporting process. The 

aggregate numbers show a global decline of about 4.5 

Mha/year of pasture recently.

The total extent of cropland and pastures together has lev-

eled off or is possibly decreasing when considering both 

the intensification of livestock production and the different 

regional dynamics of cropland extensification and intensi-

fication to produce the additional feed (Ritchie 2022).

Forests are the most visible of the natural ecosystems. 

Much like with cropland and pastures, forest gains have 

occurred in some regions (primarily the temperate zones) 

and losses in others (largely in the tropics). The bulk of for-

est losses are associated with agricultural expansion (with 

cropland consistently expanding and pasture moving 

or expanding in forest regions, despite pasture’s overall 

downward trend; Pendrill et al. 2022). Overall forest area 

appears to be declining at a rate of about 4.75 Mha/year.

LATEST FORESIGHT 
RESEARCH
Although a wealth of research is available on land use 

change, crop distribution, and natural ecosystems, glob-

al-scale analyses in these areas are relatively infrequent. 

Integrated assessment models that address these issues 

often bring together climate, hydrology, natural ecosys-

tems, agriculture, and socioeconomic drivers. Typically, 

the economics and agriculture components determine 

the amount of cropland, which then interacts with the nat-

ural ecosystem component to predict where and how 

much of the different types of land will prevail. The effects 

of climate change and water availability exert their influ-

ence throughout the process.

Schmitz et al. (2014) brought together the results from 

11 economic models of global agriculture to compare 

projections to 2050 using a particular shared socio-

economic pathway (SSP2, as defined for climate change 

studies). Without climate change, they found a median 

increase (from 2005 to 2050) of around 193 Mha of crop-

land (although ranging from −100 to +420 Mha), implying 

an overall annual average increase of about 4.3 Mha/year. 

When applying climate change, this increased to 317 Mha 

(or 7 Mha/year), meaning climate change increased the 

amount of cropland needed by 125 Mha (an additional 2.7 

Mha/year above the no climate change case).
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Similarly, Popp et al. (2017) brought five integrated assess-

ment models together to evaluate the effects of climate 

change along with all five of the SSPs from 2005 to 2100. In 

addition to cropland, they reported projections for all land 

types, including pasture, forests, and other natural land. For 

the unmitigated climate change baseline case with SSP2, 

the median of the cropland projections showed an increase 

of about 150 Mha by 2050 and 231 Mha by 2100 (about 3.3 

Mha/year before 2050 and 1.6 Mha/year after 2050). Pasture 

is projected to be fairly stable. For the baseline case, for-

est coverage continues to decline by about 83 Mha in 2050 

(averaging 1.8 Mha/year), but then stabilizes and somewhat 

recovers by 2100. Of course, a great diversity of outcomes 

arise depending on the SSP and climate change assump-

tions, some of which result in much greater cropland expan-

sion and forest losses and others that show the opposite.

Stehfest et al. (2019) similarly assessed six models, focus-

ing on cropland, pasture, and the aspects of the modeling 

process that have the greatest influence on various out-

comes. Their models showed an increase in cropland area 

under SSP2 of about 200 Mha by 2050 (about 5 Mha/year 

between 2010 and 2050) but much less agreement con-

cerning pasture, with estimates ranging from decreases 

of roughly 200 Mha to increases of 200 Mha (in contrast to 

the fairly clear decline seen in the recent past).

The role of land in the food system is entangled in varying 

degrees with climate, the water cycle, biodiversity, technol-

ogy developments, consumer preferences, and energy pol-

icy. In 2021, the UN Climate Change Conference in Glasgow 

(COP26) declaration to end deforestation by 2030 was one 

of the highlights. Land use modeling results show that if this 

declaration is fully implemented globally, about 167 Mha of 

deforestation could be avoided by 2050. However, avoided 

deforestation and associated emissions could come at the 

cost of strongly increased conversion of unprotected non-

forested land to agricultural land (Mishra et al. 2024).

Integrated assessment models (which include land use 

components) have been used in combination with sectoral 

models to explore (1) how carbon taxes on emissions from 

land use change may increase food prices and negatively 

impact food security (Hasegawa et al. 2018); (2) the crucial 

effect of alternative land use policies on future biodiversity 

extinction risk and other indicators (Leclère et al. 2020); and 

(3) the effects that changes in livestock species may have 

on emissions (Cheng et al. 2022). Developing these links 

is an important activity in foresight research and requires 

refining the techniques employed in land use research.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Several key opportunities exist for refining foresight 

research on how cropland, pasture, and natural ecosys-

tems will interact in the future. First, the underlying data 

on land cover need to be improved. In fact, disparities per-

sist between the reported cropland/pasture/natural areas 

from administrative sources and those derived from satellite 

images. Both sources present challenges. Foresight mod-

eling would benefit from better data to provide more accu-

rate initial conditions for simulations. A recent exploration of 

these challenges can be found in Potapov et al. (2022, 2023).

Second, it is essential to establish connections across scales 

to enable global models to benefit from local information 

and local models to benefit from the global context, thus 

more effectively informing policymakers. Responding to 

the need for more granular information, Čengić et al. (2023) 

developed a methodology based on artificial neural net-

works that could be used to downscale the projections of 

global land change models and obtain more fine-grained 

maps of potential agricultural expansion.

The third opportunity involves the representation of natu-

ral ecosystems. Most integrated assessment models cur-

rently show that changes in forest area (and to a lesser 

extent, other natural ecosystems) closely mirror changes 

in cropland area. Similarly, strong relationships exist 

between nonforest ecosystems and assumptions about 

bioenergy crops, where appropriate. However, it is likely 

that the dynamics among land types in existing studies pri-

marily occur through conversion to or from human-man-

aged land, with limited interconversion between natural 

land types. But in the face of climate change-induced tem-

perature variations and altered precipitation patterns, 

the stability of natural land appears uncertain (for exam-

ple, concerning boreal forests, refer to Reich et al. 2022). 

Consequently, understanding the evolution of natural veg-

etation patterns becomes crucial for assessing habitat loss, 

degradation, and ultimately the challenges and oppor-

tunities for future biodiversity (Robertson, De Pinto, and 

Cenacchi 2023). This area thus warrants more research.

Last, progress on the aforementioned points must be con-

tinually integrated to better capture the links between 

biophysical conditions and economic mechanisms.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS?

What do we know about  
THE FUTURE OF WATER 
IN FOOD SYSTEMS?
Claudia Ringler (IFPRI), Matthew McCartney (IWMI), and Mohsin Hafeez (IWMI)

Key messages
•	 Demand is growing while supply is uncertain: Globally, the demand 

for water in agriculture and food systems is growing, alongside com-
peting needs in other sectors. Freshwater consumption is projected 
to increase by 17 percent between 2020 and 2050, most of it for irri-
gation, and almost all of it in low- and middle-income countries. At 
the same time, water availability is becoming increasingly uncertain 
due to climate extremes, long-term climate change, pollution, and 
land use changes such as deforestation and wetland degradation. 
The rising variability and scarcity contribute to competition among 
different water users.

•	 The water supply-demand gap must be addressed: As the gap 
between water supply and demand increases, both tested and new 
technologies, policies, and institutions are needed to improve water 
productivity and efficiency. At the same time, more research is needed 
to identify solutions that mitigate the negative impacts of water short-
ages, pollution, and poor water management on food systems as well 
as to curb the adverse impacts arising from inefficient and wasteful 
food systems on water resources and the environment. Agriculture 
and food systems drive many of the pressures on freshwater ecosys-
tems. According to the IUCN Red List, 25 percent of freshwater species 
are threatened with extinction (IUCN 2024). This loss of biodiversity 
threatens not only the species themselves but also the vital services 
they and their ecosystems provide to humanity.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? •	 With water a connector across sectors, new approaches to man-

agement are critical: With rising water scarcity, decisions in areas 
such as climate, nutrition, energy, and trade policy will increas-
ingly shape the future of water in food systems. To improve water 
management in food systems, a more integrated, forward-looking 

approach is needed that considers the broader implications of 
policies and investments across multiple sectors. In addition, 
strengthening governance and institutions and empowering farm-
ers, as key stewards of water resources, are essential for sustain-
able outcomes.

RECENT TRENDS AND 
CHALLENGES
Water is essential for human life and ecosystems. People 

use water in multiple ways: for food production, process-

ing, preparation, and consumption; for other domestic 

uses, such as bathing, cleaning, and sanitation; for energy 

production; and for industrial processes (Figure 1). 

Estimates suggest that water withdrawals by humans 

increased nearly eightfold between 1900 and 2010, 

from around 500 cubic kilometers (km3) to 4,000 km3. 

Currently, more than 3 billion people live in areas with 

high or very high levels of water stress (FAO 2020).

While freshwater ecosystems cover less than 1 percent 

of the Earth’s surface area, they provide vital habitat for 

10 percent of all species and one-third of all vertebrate 

species (Strayer and Dudgeon 2010). The widespread 

degradation of wetlands, rivers, lakes, and aquifers has led 

to significant biodiversity loss and negatively impacted 

water resources that are critical for a wide range of anthro-

pogenic uses, including food systems. Since 1700, an 

estimated 21 percent of wetlands have been lost (Fluet-

Choinard et al. 2023), and freshwater vertebrate species 

populations have declined by an alarming 85 percent 

since 1970 (WWF 2024). Environmental degradation is 

one of the major causes of reduced water storage across 

landscapes. The cumulative reduction in global terrestrial 

water storage from 1971 to 2020 is estimated to be on the 

order of 27,000 km3, far more than the annual total global 

freshwater use by humans (McCartney et al. 2022).

Around 70 percent of water withdrawn by humans is used 

to irrigate food crops, in particular rice and wheat, as 

well as nonfood crops such as cotton. While the global 

share of water withdrawals used for agriculture slowly 

declined over the last three decades — because of the 

faster growth in withdrawals for domestic and industrial 

uses — absolute withdrawals for agrifood systems con-

tinue to increase. A recent study calculated that the area 

equipped for irrigation increased by 11 percent between 

2000 and 2015 to 330 million hectares, and that slightly 

more than one-half of the increase occurred in areas that 

were already water-stressed (Mehta et al. 2024).

Climate change — characterized by higher temperatures; 

unpredictable precipitation; shorter, more intense rains; 

and prolonged dry seasons — is severely straining water 

resources in a rising number of regions. This is intensi-

fying competition for water across sectors, especially 

between agrifood systems and other uses. Fundamental 

changes are occurring in freshwater systems worldwide, 

as a result of which many river systems are experiencing 

longer periods of below-normal flow (WMO 2024). These 

disruptions have large negative impacts on aquatic eco-

systems and human livelihoods. At the same time, gla-

cier melt has accelerated, particularly in North America 

and Europe. Peak glacier melt — the maximum melt rate 

of retreating glaciers — has occurred in these regions, 

reducing water storage and availability in the long term 

(WMO 2024).

Growing climate variability is driving increased demand 

for irrigation. Without it, crop and livestock production 

are becoming riskier and less profitable in more and 

more places. Much of the rise in irrigation water demand 

is being met with groundwater, which has become more 

accessible due to advances in well-drilling and pump 

technologies, as well as the availability of free or heav-

ily subsidized electricity in some places. Groundwater 

now accounts for approximately 40 percent of irrigation 

globally (Siebert et al. 2010). The greater availability of 

low-cost solar-powered irrigation pumps that remove the 

need for electricity or diesel to extract water might accel-

erate groundwater depletion — the extraction of ground-

water beyond the level of recharge (Balasubramanya et al. 

2024; Perez et al. 2024).
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Water pollution from industrial, domestic, and agricul-

tural sources is also harming water systems, particularly as 

their capacity to dilute contaminants is diminishing due to 

growing water shortages. Water pollution poses a signif-

icant threat to human and aquatic life. Poor water quality 

is estimated to cause more than 1 million human deaths 

annually, although exact figures are not available (Fuller et 

al. 2022; Schwarzenbach et al. 2010).

LATEST FORESIGHT 
RESEARCH
Initial water simulations and foresight studies focused on 

better understanding future availability of surface water 

resources and the global water cycle at a coarse resolu-

tion (Arnell 1999; Vorosmarty et al. 2000). The granular-

ity of global hydrological models has since improved (for 

example, Sutanudjaja et al. 2018). Attention is growing 

on improving the representation of groundwater in fore-

sight studies (de Graaf et al. 2015; Wada et al. 2010; Perez 

et al. 2024) and on modeling water pollution at different 

scales (Xie and Ringler 2017). Some studies have explored 

the potential for unconventional water resources, such 

as saline and (recycled) wastewater, to meet increasing 

human needs (Thebo et al. 2017). The untapped poten-

tial for wastewater reuse — particularly in irrigation, where 

nutrients can be recycled — is around 320 km3 per year; 

this resource is 10 times the level of the current global 

desalination capacity (UNEP 2023).

Over time, attention has shifted from only understand-

ing water supply to examining future water demand 

and the critical interlinkages between future supply 

and demand. Good examples of this include Cai and 

Rosegrant (2002), Alcamo et al. (2003), Shen et al. (2008), 

and Wada et al. (2016). Agricultural water demand 

Figure 1  Water use, food security, and nutrition

Source: HLPE (2015).
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remains a central focus, as it represents the largest 

share of human water withdrawals and is easier to esti-

mate and model than either industrial or environmental 

water use.

Water–food simulations typically differentiate between 

rainfed and irrigated systems and incorporate data on 

seasonal, monthly, or even daily availability of rainfall and 

other water for crops and production systems. Although 

the quantity and quality of data on agricultural produc-

tion systems has improved over the last few decades, 

no consensus exists on likely future changes in irrigated 

area and irrigation water demand. Projections suggest 

both declines and increases depending on underlying 

assumptions in population and economic growth, climate 

change, diets, and cropping patterns. Discrepancies 

also arise in how crop water use is modeled, such as in 

the representation of deficit irrigation, the effects of ris-

ing atmospheric carbon dioxide on crop water use, the 

modeling of paddy irrigation, and the incorporation 

of climate extremes. Nevertheless, a larger number of 

studies suggest that irrigated area and irrigation water 

use will continue to increase over the coming decades 

(Cai and Rosegrant 2002; Nechifor and Winning 2017; 

Perez et al. 2024). Perez et al. (2024) project freshwa-

ter consumption will increase by close to 400 km3, or 

17 percent, between 2020 and 2050. Irrigation is pro-

jected to remain the largest consumptive use of with-

drawn freshwater, but its share is expected to decline 

from 85 percent to 81 percent. Almost all of the projected 

increase is concentrated in the group of low- and middle-

income countries.

As a result of limited supplies and growing demands for 

water resources, an increasing number of studies have 

found challenges to meeting future food demand with 

traditional water management practices. The expansion 

of freshwater supplies is limited, and the combined pres-

sures of climate change and growing demand will require 

innovative solutions (Cai and Rosegrant 2002; Hanjra and 

Qureshi 2010; Rockstrom et al. 2009; UNEP 2023). As an 

example, foresight studies indicate that a growing num-

ber of locations will experience seasonal or annual water 

shortages, driven in part by climate change, which ampli-

fies the evaporative demand of irrigation water. In the 

Himalayas, peak glacier melt is expected to reduce water 

supply in the Brahmaputra, Ganges, Indus, and Yangtze 

Rivers, threatening the functioning of some of the world’s 

largest irrigation systems (Immerzeel, van Beek, and 

Bierkens 2010).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

To better understand how rapidly worsening water avail-

ability and quality is affecting food systems, more atten-

tion is needed on modeling the interactions between 

climate and water, with a particular focus on simulat-

ing the impacts of climate extremes. This is particularly 

important because rainfed and irrigation systems respond 

differently and complement each other differently under 

varying climatic conditions. Additionally, different irriga-

tion technologies, systems, and management practices 

have varying degrees of resilience to different types of 

climate extremes; these must be better reflected in fore-

sight studies.

A more comprehensive representation of the interactions 

between water and food systems is also needed, given 

the multiple feedback loops that exist between the two 

systems. For example, while increased irrigation devel-

opment can boost food production and improve nutri-

tion by expanding the availability of fruits and vegetables, 

it can also negatively affect water availability and quality 

for domestic uses, including drinking water. This, in turn, 

can lead to poorer nutrition and health outcomes, even 

as food diversity improves. Similarly, water pollution from 

food processing can kill aquatic life, reducing access to 

fish and other aquatic resources by poor people depen-

dent on common-pool water systems. Expanding irriga-

tion in areas previously reliant on rainfed agriculture can 

shrink grazing areas for pastoralists, reducing access to 

milk and livestock products. At the same time, irrigation 

systems in some places can serve as sources of aquacul-

ture production and of energy production using the flow 

of water in canals, and they are a key source of domestic 

water for many rural households.

Existing economic models often fail to account for 

feedback loops between land use change — includ-

ing irrigation, wetland degradation, and deforesta-

tion — and climate change. The lack of integration of 

water pollution and groundwater systems in many fore-

sight analyses also limits the accuracy and usefulness 

of projections. In addition, more research is needed to 

assess the water needs of ecosystems and the implica-

tions of the degradation of freshwater ecosystems for 

food systems.
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Foresight analyses should, moreover, broaden the scope 

of policy interventions for improving water management 

in agriculture. Rather than focusing solely on advanced 

irrigation systems, there is a need to consider institutional 

changes that can improve water governance. In addition, 

the distributional impacts of alternative interventions in 

water–food systems should be considered. For exam-

ple, while water pricing can improve water use efficiency, 

it may disproportionately affect poorer farmers, making 

it harder for them to continue to farm. Similarly, subsi-

dies for advanced irrigation technologies may not reach 

poorer farmers, who need them most. On the other hand, 

paying farmers to adopt water-saving practices, such as 

shifting cropping patterns in water-scarce areas, could 

incentivize more sustainable water use, including for 

poorer farmers. Given that farmers are responsible for the 

majority of global water withdrawals, supporting them to 

manage water more efficiently is crucial for ensuring the 

long-term sustainability of food systems and ultimately 

benefits everyone.
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What do we know about  
THE FUTURE OF ENERGY 
AND FOOD SYSTEMS?
Channing Arndt (Purdue University)

Key messages
•	 The global energy transition currently in process involves increases in 

variable renewable energy generation and ongoing electrification of 
transport and industrial processes, leading to the possibility of abso-
lute declines in the use of coal and petroleum before 2030.

•	 This transition creates both opportunities and risks for agri-
food systems.

•	 Trade will be an important impact channel for net exporters and 
net importers of fossil fuels, with impacts spilling into the agri-
food sector.

•	 Improvements in energy technology, particularly solar generation, 
have broad applications with potentially large implications for agri-
food systems.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
A large-scale global energy transition is underway. In 

2023, global investment in solar power alone exceeded 

investment in all other forms of electricity generation 

combined (IEA 2024a). Currently, investment in renew-

able energy is approximately twice that of investment 

in fossil fuels (IEA 2024a). This transition is extending 

rapidly into transport. In 2023, 18 percent of all new 

light vehicles sold worldwide were electric (EVs), up 

from about 2 percent in 2018 and 4 percent in 2020 

(IEA 2024b).

A key point is that the sectors leading this energy tran-

sition are no longer small. From 2017 to 2022, the share 

of power generated by solar and wind doubled, from 

about 6 percent to 12 percent. From these larger bases, 

the next doubling brings the share of solar and wind to 

about 24 percent of generation and the share of EVs in 

light vehicle sales to about 36 percent. These larger abso-

lute values imply a greater and more noticeable force 

of change, with concomitantly larger direct and indirect 

implications, including for agrifood systems.

LATEST FORESIGHT 
RESEARCH
Let us begin with fuel. As a result of the abovementioned 

structural factors, the International Energy Agency’s 

(IEA) most recent forecasts predict a decline in global oil 

demand in 2030 (IEA 2024c). Figure 1 shows the forecast 

for oil demand to 2030 and relates oil demand to gross 

domestic product (GDP) growth. Prior to the COVID-19 

pandemic, simple regression analysis illustrates a stan-

dard trend (shown in the dashed line) whereby oil demand 

increases with GDP. However, this relationship has weak-

ened over time, and the IEA now expects it to break down 

altogether in the latter half of this decade. This occurs 

because “substitution away from oil in transport and 

power generation pushes oil demand growth towards 

zero, and eventually into decline” (IEA 2024c, 13).

As these structural factors are expected to persist, 

an unprecedented long-run decline in oil demand 

is expected to commence from a peak in 2029. Even 

though other forecasters, such as the Organization of 

Petroleum Exporting Countries (OPEC 2024), expect peak 

oil demand to occur much farther into the future, the 

Figure 1  Growth in global oil demand and GDP, 2011–2030

Source: IEA (2024c, 12).
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IEA forecast merits attention for two principal reasons. 

First, oil has traditionally been viewed as a nonrenewable 

resource whose supply would eventually be exhausted. 

In this view, accessible oil in the ground is an asset whose 

value is likely to grow with time. However, a world with 

declining oil demand opens the possibility that much 

of the oil currently in the ground will stay there and may 

eventually become worthless. This creates incentives to 

extract sooner. Second, incentives to extract sooner not-

withstanding, a long-run decline in oil demand must be 

accompanied by a long-run compression of supply.

Because a sustained decline in global oil demand has never 

occurred in the industrial era, how exactly the combination 

of increasing incentives to extract sooner and a necessary 

compression in supply will unfold is unknown. Nevertheless, 

it is clear that as demand declines, low-cost producers have 

incentives to force high-cost producers out of the market 

by allowing oil prices to drop low enough for long enough 

to induce a sufficient volume of permanent shutdown. This 

puts high-cost oil producers at risk. At the same time, these 

periods of low prices will generate significant terms-of-

trade gains for net importers of fuels (Arndt et al. 2019).

Turning to electricity generation, for almost anywhere 

sunny, solar power is likely to be the least-cost generation 

option at the margin. This is most likely to hold for grids 

with relatively low penetration rates of variable renewable 

energy (because other generating units can accommo-

date the variability) and in (sunny) locations where ser-

vice from the grid is poor or nonexistent. Nevertheless, 

to date, solar investment has been concentrated in the 

developed world plus China. However, given the cost 

advantages that solar generation now possesses, it is rea-

sonable to expect rapidly growing investment in solar 

generation in the developing world, both at grid scale 

and for bespoke uses in locations that are off grid or have 

unreliable grid service.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

The implications of these trends are vast. The potential 

implications of the predicted structural decline in demand 

for oil and of ongoing technical advance in generation 

technologies, notably solar, are described briefly below.

Oil and derived products represent a significant share of 

global trade, and the share of oil and derived products in 

total trade tends to be higher in lower-income settings. 

For example, for sub-Saharan Africa (SSA), oil and derived 

products represented about 25 percent of total exports 

and imports in 2022 (WITS 2024). While nearly all coun-

tries in SSA tend to import large volumes of fuel, exports 

of petroleum products tend to be concentrated among a 

few producers.

For major net exporters, particularly those with relatively 

high extraction costs, the implications of declining global 

oil demand are potentially profound. Consider Nigeria, 

which is both the largest economy in SSA and the most 

populous nation on the continent. Despite decades of 

rhetoric about diversification of the Nigerian economy, 

Nigeria still counts on oil and derived products for more 

than 80 percent of export revenue (Pauw, Randiamamonjy, 

and Thurlow 2024). And while exact figures are not known, 

Nigeria is widely viewed as a relatively high-cost oil pro-

ducer and is not known as an easy place to do business 

(Economist 2024; ITA 2023). Hence, Nigeria could confront, 

in the not-too-distant future, a period of low oil prices that 

is designed specifically to force higher-cost producers per-

manently out of the market. If Nigerian petroleum-related 

export revenues decline due to a combination of lower 

prices and volumes, this would oblige Nigeria to enter 

an intense period of structural adjustment to raise nonoil 

export revenues. More generally, to meet foreign currency 

needs, higher-cost oil-exporting countries facing both 

lower prices and volumes must stage a nonoil export push.

Even for low-cost net exporters of fuels, the incen-

tives to diversify exports have likely never been greater. 

Unfortunately, especially for low- and middle-income 

countries (LMICs), breaking into new export markets is 

distressingly difficult (Forge, Garred, and Kwon 2024). For 

countries with little experience exporting anything other 

than oil for a generation or more, the difficulties are likely 

to be pronounced. While it is not easy to break into global 

food markets, agrifood products seem very likely to fig-

ure prominently in an export diversification push in many 

country cases (Nigeria not least). Achieving much greater 

export diversification through very rapid expansion of 

exports in agrifood and other products, notably for high-

cost oil producers, is a very important topic for research.

Net importers of fuels are in a much more favorable posi-

tion. Periods of low prices represent a substantial terms-

of-trade gain. For net fuel importers, lower fuel prices 
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combined with ongoing electrification of transport (result-

ing in lower fuel import volumes) typically drive a real 

exchange rate appreciation (an increase in the price of 

nontradable goods relative to tradable goods), signal-

ing a reduced need to export and/or an expanded scope 

to import products other than fuel. Because agrifood 

products are often traded globally and because LMICs 

frequently export and import substantial volumes of agri-

food commodities, declining oil demand will very likely 

influence agrifood production and trade patterns, per-

haps significantly. An intriguing possibility is that lower 

fuel prices facilitate a shift toward healthier diets because 

the components of a healthy diet (fresh foods) are typi-

cally less tradable. More generally, for net importers of 

fossil fuels, tracking the likely benefits of reduced depen-

dence on volatile fossil fuel markets should inform pol-

icies related to the pace of electrification of transport 

and industrial processes and the accompanying policies/

investments that build upon this structural transformation.

Turning to electricity generation, the massive declines in the 

cost of solar generation combined with ongoing declines 

in battery prices create large opportunities for develop-

ing countries, many of which are well-endowed with sun, 

to generate electricity at scale, almost anywhere, and at 

low cost. Agrifood systems will be crucial to realizing the 

considerable upside that the ongoing energy transition 

offers to LMICs; however, realizing the gains and avoiding 

pitfalls will not be easy. Increased attention to energy in 

foresight research on agrifood systems is needed to ensure 

a reasonably smooth and fair transition that benefits mar-

ginalized populations, including those with limited access to 

modern energy. Research into the policies and institutions 

necessary to avoid pitfalls — such as excessive water with-

drawals due to very low marginal costs of pumping from 

solar-powered systems — is also important.
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What do we know about  
THE FUTURE OF FOOD SYSTEMS 
INNOVATION?
Daniel Mason-D’Croz (Cornell University), Mario Herrero (Cornell University), 
Cody Kugler (Independent), Rosaline Remans (Bioversity International), 
Philip Thornton (ILRI, Cornell University, Clim-Eat, and University of Edinburgh), 
and Heather Zornetzer (Bioversity International)

Key messages
•	 Innovations have been and will continue to be critical drivers of food 

systems and societal change.

•	 Predicting “game-changing” technology ahead of time is not possi-
ble, and silver bullets do not exist.

•	 Novel innovations can alleviate some challenges, but unintended 
consequences always arise.

•	 Foresight research can help to identify undesirable outcomes early 
on and align investments and incentives with social and environmen-
tal objectives.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Innovations have been critical to shaping the food sys-

tems we know today, contributing to many historical 

food system transitions as new technologies, practices, 

and food products have redefined humanity’s connec-

tion to food and food production (Herrero et al. 2020, 

2021; Loboguerrero et al. 2020). Food systems innova-

tion, industrialization, and infrastructure have been inter-

twined and self-reinforcing, with increasing agricultural 

productivity acting as an important driver of past trans-

formational sociopolitical and economic change (Gollin, 

Parente, and Rogerson 2002).

Agricultural productivity growth has been critical to allow 

food systems to respond to the growing global popula-

tion while increasing food availability and affordability, as 

the risk of hunger has been falling for decades, despite 

recent increases (Barrett et al. 2020, 2022). Nevertheless, 

sustained productivity growth is being challenged, with 

evidence suggesting that agricultural productivity growth 

is slowing (Fuglie 2018a) and that it is getting harder to 

develop groundbreaking innovations (Bloom et al. 2020; 

Chu and Evans 2021; Park, Leahey, and Funk 2023), while 

climate change is eroding past gains (Mbow, Rosenzweig, 

et al. 2019).

All innovations, revolutionary or incremental, come with 

unintended consequences (Merton 1936; Baert 1991), 

which can be both positive and negative. The industrial-

ization of food systems has been accompanied by many 

undesired consequences, including unbalanced and 

unhealthy diets and unsustainable environmental prac-

tices (IPBES 2019; IPCC 2019; Swinburn et al. 2019; Willett 

et al. 2019).

Innovations are needed to help respond to these unde-

sired outcomes, including development of more cli-

mate-resilient agriculture, as well as a shift toward more 

holistic approaches to food systems that consider the 

social, environmental, and health consequences of inno-

vation. The call for a “Great Food System Transformation” 

(Vermeulen et al. 2020; Béné 2022) highlights the need for 

more responsible or mission-oriented innovation in food 

systems, to more systematically consider power dynam-

ics and potential unintended consequences to better 

assess potential winners and losers. Reviews of historical 

food system innovations have highlighted that successful 

adoption of innovations requires a range of social pro-

cesses, such as establishing permission, developing a 

fostering enabling environment, and enacting active and 

adaptive policies in the face of unintended consequences 

(Thornton et al. 2024). This suggests that future innovation 

will need to more intentionally embed social processes 

in the technological development process to contribute 

to more sustainable food systems (Barrett et al. 2022). 

Figure 1 highlights a framework for accelerating more 

responsible innovation that identified 10 accelerators and 

enablers for food systems innovation.

Recent policy shifts toward more activist industrial policy 

(Aiginger and Rodrik 2020) offer new potential opportu-

nities for more mission-oriented research and develop-

ment (R&D). However, without an intentional approach 

to innovation policy and a rebalancing of the food sys-

tem to align incentives with desired environmental, social, 

and health outcomes — for example, True Costing of 

Food (Baker et al. 2020; FAO 2023; Kennedy et al. 2023) — 

increased public sector involvement in the innovation pro-

cess will not ensure that future innovation contributes to 

healthier and more sustainable food systems.

LATEST FORESIGHT 
RESEARCH
Food systems innovation is a complex sociotechnical pro-

cess. Foresight research focusing on food systems inno-

vation seeks to better understand how these processes 

function and could be improved, as well as how their out-

comes can contribute to positive and/or negative change. 

Much of the research assessing the potential of food sys-

tems innovation focuses on assessing specific technologies 

(or combinations of technologies) or the consequences of 

novel policies. Additionally, a growing body of literature 

considers how sociocultural changes can alter consumer 

preferences as well as paradigms of what is valued by soci-

ety. Figure 2 summarizes some of the broad areas of fore-

sight research focused on food systems innovation.

The spatial scale of foresight analysis can range from the 

individual/firm level to the global level. More microanal-

ysis has tended to focus primarily on private benefits and 

costs and the adoption process, exploring questions of 

how and why individuals and firms choose to adopt new 

technologies and practices. Various methods are applied 

in this area including agent-based (for example, Bell 2017; 
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Giabbanelli and Crutzen 2017; Kaaronen and Strelkovskii 

2020; Marvuglia et al. 2022) and system dynamic mod-

els (for example, Dizyee, Baker, and Rich 2017; Varia et 

al. 2017; Dizyee et al. 2021). More macro studies tend to 

explore somewhat different questions, focusing on ques-

tions of R&D investment (for example, Mason-D’Croz et 

al. 2019) or policies to encourage more innovation (for 

example, Sodano 2019; Moberg et al. 2021). Some studies 

explore the role of various actors in the innovation eco-

system (for example, NARS vs CGIAR), often with a goal of 

better understanding the process of technology diffusion 

(for example, Aghion and Jaravel 2015; Fuglie 2018b). 

This work often implicitly frames technology in terms of 

Pareto efficiency (that is, adopted innovations move the 

technological frontier out, or help to move us closer to the 

frontier), and that knowledge generation occurs in core 

countries nearest the technological frontier, with catchup 

and diffusion assumed for peripheral countries farther 

from this frontier. National and global studies also assess 

potential unintended consequences of adoption at scale, 

particularly with respect to negative environmental or 

social consequences (for example, UNEP 2023).

Figure 1  Accelerators and enablers of innovation

Source: Mason-D’Croz et al. (2023), adapted from Herrero et al. (2020, 2021).
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The scope of innovation foresight research can be sec-

tor-specific or economywide. Economywide analy-

sis allows for assessing potential spillover effects from 

one sector to another, spurring economic growth more 

broadly, but the wider scope of analysis tends to come 

with more stylized representation of innovations.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Predicting future groundbreaking innovations is impos-

sible (King and Baatartogtokh 2015; Fink et al. 2017; Hall 

and Dijkman 2019; FAO 2022; Thornton et al. 2024), but 

growing calls for a food system transformation (Webb 

et al. 2020) and the need for responsible (Nordmann 

2014; Brier et al. 2020) and mission-oriented innovation 

(Klerkx and Begemann 2020) highlight a critical role for 

foresight research. Such research will be fundamental to 

helping better orient the application of science to solv-

ing critical environmental, economic, and human wellbe-

ing challenges, while emphasizing the potential undesired 

consequences of transformation.

While improvements in modeling capability and data 

collection on innovation (including how to apply artifi-

cial intelligence approaches) are critical to improve our 

understanding of the process of innovation as well as its 

consequences, we focus our key gaps on research and 

scenario design. To date, much of foresight analysis on 

food systems innovation has focused on “What If” ques-

tions to consider the impacts of the wide-scale adoption 

of an innovation, for example: What if alternative proteins 

Figure 2  Examples of food systems innovation foresight research

Selection of sources:

1.	 Baker and Shittu 2008; Dietrich et al. 2014; Hong et al. 2014.

2.	 Rosegrant et al. 2017; Mason-D’Croz et al. 2019; Sulser et al. 2021.

3.	 Nordmann 2014; Hall and Dijkman 2019; Conti et al. 2024.

4.	 Gerhardt et al. 2020; Humpenöder, et al. 2022b; Mason-D’Croz et al. 2022; Kozicka et al. 2023; UNEP 2023.

5.	 Sulser et al. 2010; Rosegrant et al. 2014; Ignaciuk, Mason-D’Croz, and Islam 2015; Robinson et al. 2015; Islam et al. 2016.

6.	 Havlík et al. 2014; Frank et al. 2017, 2018.

7.	 Parodi et al. 2018; van Selm et al. 2022.

8.	 Springmann et al. 2017; Springmann, et al. 2018a; Laborde et al. 2021; Springmann and Freund 2022.

9.	 Siriwardana, Meng, and McNeill 2017; Bellora and Fontagné 2020; Janssens et al. 2022.

10.	 Cohn et al. 2014; Dixon et al. 2016; Tabeau et al. 2017; Henderson et al. 2018; Roe et al. 2021; Humpenöder, et al. 2022a.

11.	 Laborde et al. 2016; Chichaibelu et al. 2021.

12.	 Stehfest et al. 2009; Springmann et al. 2016; Searchinger et al. 2018; Springmann, et al. 2018b; Eker, Reese, and Obersteiner 2019; Willett et al. 2019; Humpenöder et al. 2024.

13.	 Bodirsky et al. 2022; Li et al. 2023.
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displaced conventional meat?; What if investments in 

R&D increased?; or What if a paradigm shift led to healthy 

diets? This valuable first step helps to highlight potential 

innovations worthy of consideration and investment but 

leaves several key questions unanswered, as follows.

1.	 How do innovations compete with and comple-
ment each other? The innovation ecosystem is 

highly dynamic and volatile. Yet most foresight stud-

ies explore individual innovations as one-offs or, if in a 

bundle, in a very stylized way. Relatively limited explo-

ration exists of how innovations coevolve, and what 

these implications might mean for designing bundles 

of innovations and appropriate policies.

2.	 What is the theory of change? Relatively few fore-

sight studies have explored in detail innovation and 

transition roadmaps, instead focusing more on the 

ends than the means. However, historical experience 

reveals that the impacts of innovations are path-de-

pendent, and the sociotechnical interface of adop-

tion and obsolescence largely determines the winners 

and losers of innovation. Exploring such roadmaps will 

require greater engagement with multiscale and multi-

disciplinary research to better understand how inno-

vation processes scale and diffuse. It also will require 

developing or adapting new modelling tools to simu-

lating plausible pathways across relevant time and spa-

tial scales.

3.	 What role can low- and middle-income countries 
(LMICs) play in spurring innovation? Technology 

development and diffusion is represented too simplis-

tically (that is, core-periphery and Pareto efficiency), 

with novel technologies developed predominantly 

in advanced economies and then spread to the rest 

of the world. Foresight research needs to consider 

more pluralistic futures (Mangnus et al. 2019), reex-

amining what is meant by progress in varying regional 

and cultural contexts (Ritzer 2003; Pereira et al. 2021). 

It should explore how innovation processes can be 

started in LMICs and potentially spread to high-

income countries (for example, frugal innovation) 

(Hossain, Simula, and Halme 2016).

4.	 Can we build consensus on desirable futures? Food 

systems are complex and fractal. Micro and macro 

analyses highlight the fundamental complexity and 

unknowability of the whole system. Nevertheless, 

foresight approaches can help to highlight different 

stakeholder perspectives and facilitate dialogue 

across alternative and potentially competing visions of 

the future (for example, group-based model building 

[Gerritsen et al. 2020; Anastasiou et al. 2023] or partici-

patory scenarios [Chaudhury et al. 2013; Mason-D’Croz 

et al. 2016; Aguiar et al. 2020]), a critical first step for 

collective action.

Answering these questions requires developing more 

nuanced scenarios that simulate the innovation process 

in a less linear fashion. Greater application of foresight 

methods such as backcasting (Holmberg and Robert 

2000; Robinson 2003) and three horizons (Sharpe et 

al. 2016) could help enrich scenario development that 

feeds into quantitative analyses of food systems innova-

tion. This will provide not just a quantification of an end-

point but of the pathway between the present and an 

alternative future. It should also incorporate growing lit-

erature on innovation readiness and scaling (Herrero 

et al. 2020; Sartas et al. 2020; List 2022; Woltering et al. 

2024). Achieving this will require broader and larger sce-

nario sets and a wider range of foresight models to bet-

ter capture key relationships and feedbacks, learning 

and expanding on previous multimodel efforts not only 

to understand model uncertainty (Nelson et al. 2014) but 

also to allow representation of a wider range of behav-

iors described in these more pluralistic scenarios. Failing 

to do this will reduce the applicability of future foresight 

research to inform strategic decision-making, such as in 

the design of innovation bundles (that is, prioritization 

and investment).
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What do we know about  
THE FUTURE OF FOOD TRADE?
Joseph Glauber (IFPRI) and Sherwin Gabriel (IFPRI)

Key messages
•	 Trade in agriculture and food products increased dramatically 

over the past 20 years, driven by population and income growth 
that resulted in consumption exceeding production in many coun-
tries. Productivity growth grew as well, allowing countries with sur-
plus production to meet global import demand. Reforms in the 
global trading system have reduced import barriers, also encourag-
ing trade.

•	 As a result, imports as a percentage of total consumption have 
increased steadily (particularly in low-income countries) and fore-
casts for the near term (next 10 years) as well as longer-term projec-
tions (to 2050) suggest that these trends will continue.

•	 Climate change will pose continued challenges as production shifts 
due to increased temperatures and more variable rainfall. Trade 
will be necessary to help mitigate the impacts of these changes, 
so the global trading system must remain open and free of harm-
ful distortions.
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RECENT TRENDS AND 
CHALLENGES
Global trade in food products exceeded a record US$2 

trillion in 2022 (WTO 2024). Over the past 20 years, 

global food trade more than tripled in nominal value and, 

accounting for inflation, more than doubled in real terms 

(Figure 1).

Developing countries are now playing a far larger role 

in global trade than they did 25 years ago (Figure 2). In 

1995, developing countries accounted for only about 

25 percent of global food imports and 30 percent 

of global food exports; by 2023, developing coun-

tries accounted for about 42 percent of global food 

trade. Productivity gains and technological innova-

tions like double cropping in Brazil have helped devel-

oping countries increase export shares. Income and 

population growth have also spurred changes in diets, 

resulting in increased consumption of meat and dairy 

and processed food products. For some developing 

countries (for example, China), this has meant greater 

dependence on imports for feedstuffs and other agricul-

tural products.

Another consequence of the growth of production in 

developing countries and in regions like the Black Sea 

following the breakup of the former Soviet Union is the 

growing diversification away from traditional suppliers 

like the United States, the European Union (EU), Canada, 

and Australia (Figure 3). Market concentration has 

declined for most cereals and oilseeds as global export-

ers including Brazil (soybeans, maize, animal products), 

Russia (wheat), Ukraine (wheat, maize, and sunflower oil), 

and Malaysia and Indonesia (palm oil) have grown in rel-

ative importance. With much of that growth occurring 

in the Southern Hemisphere, global production is more 

resilient to regional weather shocks. Moreover, diversi-

fied production means that producers in one hemisphere 

can often react within months of a production shortfall 

in another region, effectively reducing the global cycle 

to six months. Exceptions exist. Rice exports remain rel-

atively concentrated in the exporting countries of South 

and Southeast Asia. Most palm oil production comes from 

Indonesia and Malaysia (though this is mitigated by its 

Figure 1  Value of world food trade, 1980–2022

Source: WTO Stats Portal.

Note: Trade value deflated by U.S. Consumer Price Index (1982–1984 = 100).
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Figure 2  Developing countries’ share of agricultural trade, 1995–2023

Source: UNCTAD Data Hub, https://unctadstat.unctad.org/

Note: All food items (SITC 0 + 1 + 22 +4).
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relative substitutability with other vegetable oils that are 

more regionally diversified).

On the import side, increased demand means that many 

countries are increasingly dependent on foreign sup-

plies. Import penetration rates at the global level have 

increased for wheat, rice, feed grains (barley, maize, oats, 

and sorghum), and vegetable oils (Figure 4). Not all of 

those imports go toward food consumption. Feed grains 

are primarily used as animal feed or in industrial uses such 

as biofuel production (though white maize is primarily 

consumed as food). Of the cereals, rice remains relatively 

thinly traded — imports account for only about 10 percent 

of global consumption. However, for many countries in 

sub-Saharan Africa such as Senegal or Benin, rice imports 

play a significant role in overall diets, particularly in 

urban areas.

Regionally, imports are important for much of Central 

America and non-MERCOSUR countries of South America, 

sub-Saharan Africa, and parts of Southeast Asia (Figure 5). 

The wheat-consuming countries of North Africa, the 

Middle East, and Central Asia are particularly depen-

dent on imports, with import dependency rates in excess 

of 75 percent in countries such as Algeria, Libya, Saudi 

Arabia, and Yemen. The disruption in wheat trade follow-

ing Russia’s full-scale invasion of Ukraine in February 2022 

demonstrated how vulnerable importing countries can 

be when supplies are adversely affected. Fortunately, the 

global trading system proved resilient, and countries were 

able to source food supplies (albeit at higher prices).

LATEST FORESIGHT 
RESEARCH
Near-term forecasts by the Organisation for Economic 

Co-operation and Development and the Food and 

Agriculture Organization of the United Nations (OECD/

FAO 2024) and the U.S. Department of Agriculture (USDA/

ERS 2024) estimate that imports as a share of global con-

sumption will continue to grow for most cereals and oil 

crops over the next 10 years. The forecasts reflect continu-

ing production growth in major exporting regions such 

as South America and the Black Sea region to meet grow-

ing demand in net food-importing regions like the Middle 

East and North Africa, China, and sub-Saharan Africa.

Figure 4  Imports as a share of total domestic use, 1960/1961–2024/2025

Source: USDA/FAS PSD database, October 11, 2024.

Note: Domestic use includes food, feed, and industrial use.
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In addition, projections from IFPRI’s IMPACT1 model sug-

gest that global food trade will continue to expand over 

the longer term (Cenacchi et al. 2025 [Chapter 36 in this 

publication]; Robinson et al. 2024). Net exports of rice and 

wheat are projected to increase by more than 90 percent 

between 2020 and 2050, as rice production in India grows 

rapidly and as wheat production in Russia and Ukraine 

expands. Net exports of maize are projected to rise by 

70 percent over the same period, driven by higher pro-

duction in Brazil and Ukraine.

The United States is the world’s largest net exporter 

of maize. Projections suggest, however, that growing 

domestic demand for bioethanol could significantly erode 

exportable supplies to the global market. This decrease is 

projected to be more than offset by rising maize exports 

from Latin America and Eastern Europe. By 2050, almost 

90 percent of net maize exports are projected to come 

from seven countries.

1	  International Model for Policy Analysis of Agricultural Commodities and Trade.

Over the same period, climate change is expected to 

weigh on maize yields in several countries in which it 

is a key staple. For example, in Malawi, where maize 

accounts for one-half of daily per capita calories, rain-

fed yields are projected to be around 15 percent lower 

in 2050 than 2020. With little change in cultivated area 

expected, domestic maize production is also expected to 

fall by 15 percent over the period. This comes alongside 

an anticipated increase of 17 million in Malawi’s popula-

tion. As projected production and food demand for maize 

move in different directions, the country is likely to require 

significant imports to cover maize shortfalls. IMPACT pro-

jections suggest that net imports of maize could near 

80 percent of Malawi’s food demand by 2050, a signifi-

cant increase over current levels. With few expected net 

exporters of maize in the region — South Africa’s capacity 

to export maize is expected to decline significantly over 

the projection period — Malawi may be pushed to import 

from the major exporters noted above. The distance from 

these markets implies that trade costs will also exert pres-

sure on the cost of staple foods.

Figure 5  Cereal import dependency

Source: FAOSTAT

Note: Import dependency less than 0 indicate that the country is a net cereal exporter. Data reflect 3-year average (2020–2022).
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Several countries in East and Southern Africa are simi-

larly vulnerable to this risk, which can materially affect 

food security and foreign exchange reserves. Table 1 

identifies countries in the region where import depen-

dency on maize is expected to rise sharply between 2020 

and 2050.

This trend is not unique to maize in East and Southern 

Africa. Rice is an important staple in several countries 

in Asia, West Africa, and Latin America. Table 2 shows a 

selection of countries by region where rice import depen-

dency is projected to increase significantly between 2020 

and 2050. In the West and Central African countries iden-

tified, the import share of rice is already high, but these 

are expected to increase even more. Countries that have 

been close to self-sufficiency, such as Bangladesh, are 

expected to import as much as one-quarter of rice food 

demand by 2050.

Rice trade dependency is expected to be significant. Rice 

net exports are projected to be highly concentrated, with 

India’s share of global net exports predicted to double to 

70 percent between 2020 and 2050. This follows signifi-

cant growth in rice production in India, while that of other 

Table 1  Maize net imports as a share of maize food demand in selected countries in East and 
Southern Africa 

Country

Maize contribution to 
average daily calorie 

availability (2020)

Maize net imports as a share of maize food demand

2020 2050

Malawi 50% 2.5% 78.8%

Zambia 40% Net exporter 40.7%

Kenya 26% 25.9% 57.9%

Tanzania 25% Net exporter 63.3%

Mozambique 22% 25.8% 80.1%

Source: IFPRI, IMPACT projections.

Table 2  Rice net imports as a share of rice food demand in selected countries 

Country

Rice contribution to 
average daily calorie 

availability (2020)

Rice net imports as a share of rice food demand

2020 2050

West and Central Africa

Guinea 37% 54% >100%

Guinea-Bissau 51% 42% 57%

Côte d'Ivoire 24% 66% 84%

Sierra Leone 43% 40% 78%

Latin America and the Caribbean

Costa Rica 15% 63% 78%

Ecuador 15% 26% 65%

Panama 24% 24% 61%

Peru 18% 13% 60%

South Asia and Southeast Asia

Bangladesh 70% 2% 24%

Indonesia 43% Net exporter 12%

Source: IFPRI, IMPACT projections.
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major exporters, such as Thailand and Viet Nam, slows 

over the projection period.

Wheat markets are less concentrated than rice and maize. 

IMPACT projections suggest that wheat net exports could 

grow by more than 90 percent between 2020 and 2050, 

with much of this growth driven by increased production in 

Russia and Ukraine. Wheat products are an important sta-

ple in most countries, and an especially important part of 

the food culture in Central and West Asia and North Africa. 

Table 3 shows countries in these regions where wheat 

import dependency is expected to increase significantly.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Food and agricultural trade grew substantially over the 

past 25 years, in part because of a more liberal trad-

ing regime under the World Trade Organization, but the 

global trading system faces challenges. Over the past 

10 years, multiple trade disruptions occurred, including: 

conflicts such as Russia’s invasion of Ukraine, which threat-

ened global cereal and oilseed markets (Glauber and 

Laborde 2023); trade disputes, such as the recent trade 

war between the United States and China; export restric-

tions such as India’s restrictions on rice exports, affect-

ing almost 40 percent of global rice exports (Glauber and 

Mamun 2024); logistical disruptions affecting key choke-

points such as the Red Sea and the Panama Canal; and 

supply disruptions due to lockdowns and other responses 

to the COVID-19 pandemic.

Threats of increased protectionism under the new US 

administration and elevated trade tensions between 

China and other trading partners such as Canada and the 

EU could derail progress at a time when trade is becom-

ing increasingly important.

Climate change will mean an increasing dependency on 

trade to meet global food needs. The disruptions to trade 

flows caused by weather extremes and subsequent recon-

struction can undermine global supply chains (Verschuur, 

Koks, and Hall 2023).

Trade barriers and other distortions can thwart the move-

ment of food and agricultural products, exacerbating 

food shortages when production shocks reduce global 

supplies. It is thus critical that the global trading system 

continue to facilitate trade by: reducing border mea-

sures and other trade-distorting measures; improving 

foresight and market analysis, such as through the G20 

Agricultural Market Information System (AMIS), to bet-

ter inform policy and investment choices; and promot-

ing trade facilitation for lesser developed countries and 

developing countries highly dependent on imports to 

meet food needs.

Table 3  Wheat net imports as a share of wheat food demand in selected countries in Central 
Asia, West Asia, and North Africa 

Country

Wheat contribution to 
average daily calorie 

availability (2020)

Wheat net imports as a share of wheat food demand

2020 2050

Afghanistan 60% 49% 83%

Turkmenistan 51% 12% 49%

Syria 49% 66% >100%

Uzbekistan 42% 44% 85%

Pakistan 37% Net exporter 53%

Source: IFPRI, IMPACT projections.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? What do we know about 

THE FUTURE OF  
FOOD SYSTEMS?

What do we know about  
THE FUTURE OF URBANIZATION 
IN RELATION TO FOOD SYSTEMS?
Paul Dorosh (IFPRI) and James Thurlow (IFPRI)

Key messages
•	 The world is urbanizing rapidly. The global urban population 

increased from 2.87 billion in 2000 to 4.38 billion in 2020, a 
53 percent rise, and is projected to reach 6.57 billion by 2050, repre-
senting 68 percent of the world’s population (World Bank 2024a).

•	 Urbanization is often associated with structural economic transfor-
mation, marked by a growing share of nonagriculture sectors (that is, 
industry and services) in gross domestic product (GDP) and employ-
ment, as well as increased productivity and incomes — ideally driven 
by high-productivity industries.

•	 Rapid urbanization typically leads to significant growth in market vol-
umes (Reardon and Timmer 2014; Minten et al. 2020). However, this 
growth can result in declining diet quality due to reduced availability 
of fruits and vegetables. Additionally, improving sanitation and food 
safety becomes a major challenge.

•	 Excessively rapid urbanization can lead to the development of urban 
slums and increased poverty, and it often coincides with underinvest-
ment in agriculture and the rural economy, exacerbating rural poverty.

•	 More research is needed, using detailed spatial data to link biophys-
ical and socioeconomic outcomes, to better understand the ongoing 
urbanization-driven transformation of food systems.

CHAP TER 14

81

https://hdl.handle.net/10568/175019
https://hdl.handle.net/10568/175019


RECENT TRENDS AND 
CHALLENGES
Although annual global population growth slowed from 

2.1 percent in 1970 to 1.2 percent in 2022, the total world 

population continues to rise, increasing by 27.3 percent 

between 2000 and 2020, from 6.14 to 7.82 billion. The 

world’s rural population remained nearly constant, 

increasing by just 0.2 percent over the same timeframe. 

As a result, by 2020, 56.0 percent of the world’s popula-

tion lived in urban areas, up from 46.6 percent in 2000.

In many countries, increased urbanization has coincided 

with and contributed to rapid economic growth. This is 

partly due to structural transformation of the economy, 

where the share of nonagriculture sectors (that is, indus-

try and services) in GDP and employment rises. Labor pro-

ductivity in industry and services is typically higher than in 

agriculture, so shifting resources to these sectors boosts 

overall productivity and income levels. Moreover, the con-

centration of economic activity that accompanies urban-

ization can lead to further productivity gains through 

positive agglomeration effects due to economies of 

scale in infrastructure (for example, electricity and water 

supply), lower transport costs within cities, and improved 

information flows (Fujita, Krugman, and Venables 1999; 

Henderson and Wang 2005; World Bank 2009).

Both the urban population share and GDP per capita rose 

sharply in East Asia and the Pacific (EAP) between 1990 

and 2020 (Figure 1). South Asia is on a similar trajectory, 

with its urban population share and real GDP per capita 

in 2015 and 2020 projected to be comparable to those of 

EAP. In Latin America, urban population shares have aver-

aged nearly 30 percentage points higher than those in 

EAP. However, due to rapid economic growth, EAP now 

has a higher per capita income. Sub-Saharan Africa, which 

had urbanization and per capita income levels similar to 

those in South Asia in 1990, saw urbanization rise sharply 

from 27 percent to 38 percent, while its per capita GDP 

increased by only 25 percent.

LATEST FORESIGHT 
RESEARCH
Reardon and Timmer (2014) describe five interlinked 

aspects of the agrifood system that “are occurring rapidly 

Figure 1  Economic growth and urbanization by region, 2000–2010

Source: Thurlow et al. (2019) and World Bank (2024b).
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in Asia, and are well along in Latin America, and emerg-

ing in Africa”: urbanization, diet change, agrifood system 

transformation, rural factor market transformation, and 

intensification of farm technology. Dietary changes — such 

as increasing diversity and rising consumption of non-

grain foods, processed products, and prepared foods — 

typically accompany urbanization. As urban markets 

expand, food supply chains and markets are also trans-

formed as, for example, in the case of teff in Ethiopia 

(Minten et al. 2016). In the later stages of this transforma-

tion, large-scale retail and secondary processing sec-

tors emerge, frequently supported by substantial foreign 

direct investment. Rural factor markets, especially non-

farm labor markets, develop along with input markets 

to enable intensification of agricultural production and 

increases in productivity.

In most of Africa, where urbanization rates remain low, 

structural transformation has been limited. Investments in 

infrastructure, such as transport and Internet connectiv-

ity, are needed to help small towns expand downstream 

processing and marketing services. However, excessively 

rapid urbanization can lead to the growth of urban slums 

and increased poverty, particularly when underinvest-

ment in agriculture and the rural economy drives rural-

to-urban migration at a pace that exceeds investments in 

the urban infrastructure necessary to support rapid eco-

nomic growth in the urban economy (Dorosh and Thurlow 

2014, 2018).

Diet quality may decline with increased urbanization due 

to lower availability of fruits and vegetables in urban cen-

ters. Improving sanitation and food safety is another 

major challenge, requiring the development of effective 

governance mechanisms to implement and enforce regu-

lations and standards to limit the spread of noncommuni-

cable diseases (Resnick and Swinnen 2023).

Several recent studies have used detailed spatial data to 

analyze the biophysical and socioeconomic outcomes of 

food systems. Liu and colleagues (2023) examine varia-

tions in dietary water footprints (DWF) from household 

consumption patterns in China, finding that while plant-

based foods dominate consumption, animal-based foods 

have higher DWF and contribute to regional inequalities. 

De Vos and colleagues (2024) combine spatial projec-

tions of urban expansion in Africa with a partial equilib-

rium economic model to estimate the future increases 

in rice production, consumption, and agricultural meth-

ane emissions. Model simulations by Dizon, Sherwani, 

and Su (2023) show that Africa will experience the great-

est overlap between food-producing areas and urban 

expansion, particularly under a scenario of significant 

challenges to climate change adaptation. Using a very dif-

ferent approach, Rusca and colleagues (2022) construct 

a socioenvironmental scenario of the possible impacts of 

an unprecedented drought in Maputo, Mozambique, and 

argue that “future droughts in Southern Africa will proba-

bly polarize urban inequalities, generate localized public 

health crises and regress progress in water access.”

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

More research is needed to explore the impacts of evolv-

ing market structures that accompany urbanization in 

most developing countries, particularly in promoting 

competition and preventing excessive concentration of 

market power for perishable commodities. Work on pol-

icies and investments aimed at improving urban diets 

and food safety — especially regarding fruits, vegetables, 

and meat products — could have major positive impacts 

on nutrition for urban households. Spatial analysis and 

policies to promote economic growth in small towns are 

essential for preventing excessive rural-to-urban migra-

tion. Finally, potential exists for new uses of artificial 

intelligence to deepen our understanding of changes in 

employment, food markets, and consumption patterns 

linked to ongoing urbanization.
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What do we know about  
THE IMPACTS OF THE NEXT EL NIÑO 
ON AGRIFOOD SYSTEMS?
Jawoo Koo (IFPRI) and Weston Anderson (University of Maryland)

This chapter was originally published as an online brief in June 2023;  

it has been lightly edited and a brief postscript has been added,  

but otherwise it appears in its original form.

Key messages
•	 As of June 2023, the U.S. National Oceanic and Atmospheric 

Administration (NOAA) declared that El Niño conditions were present 
and consensus existed among climate prediction centers that El Niño 
would likely persist from November 2023 to February 2024.

•	 El Niño is typically associated with seasonal climate anomalies and 
extreme weather events throughout the developing world, especially 
across sub-Saharan Africa, but the economic impacts caused by these 
events are difficult to disentangle from those of other climate shocks, 
natural disasters, and economic cycles. Additionally, the strength and 
consistency of El Niño’s agroclimatic impacts vary by region.

•	 El Niño’s unique slow onset, periodic pattern, and lead times of pre-
diction (from a few months to a year) make it possible to design antic-
ipatory policies and prepare emergency responses in advance.

•	 Policymakers should closely monitor the evolution of El Niño-
Southern Oscillation (ENSO) phases and the potential impacts of El 
Niño and be prepared to coordinate policy responses quickly as the 
situation unfolds.

•	 As global warming continues and climate extremes occur more fre-
quently, actions to foster climate-resilient agrifood systems should 
be broadly prioritized.

CHAP TER 15

85

https://hdl.handle.net/10568/175019
https://hdl.handle.net/10568/175019


RECENT TRENDS AND 
CHALLENGES
As of June 2023, consensus existed among the climate 

science community and prediction centers that the El 

Niño-Southern Oscillation (ENSO) of the boreal win-

ter season (November 2023–February 2024) would tran-

sition to an El Niño event, ending the recent three-year 

La Niña (FAO 2023). El Niño naturally reoccurs every 2 

to 7 years, and its cycle typically lasts 9 to 12 months, 

starting with a slow onset during the boreal (Northern 

Hemisphere) spring season (March–June), peak intensity 

during the late fall or winter (November–February), fol-

lowed by weakening during the spring or early summer 

(March–June). Its unique slow onset, periodic pattern, 

and lead times of prediction (from a few months to a year) 

make it possible to design anticipatory policies and pre-

pare emergency responses a few months in advance.

Evidence shows El Niño is associated with seasonal cli-

mate anomalies and a higher occurrence of extreme 

weather events throughout the developing world, espe-

cially across sub-Saharan Africa, but the economic 

impacts caused by these events are difficult to disentan-

gle from those of other climate shocks, natural disasters, 

and economic cycles.

Although an expanding literature examines how natu-

ral disasters are managed in the global South, quantita-

tive evaluation of the policies and investments that could 

help avoid at least some of the damage caused by El Niño 

events is limited. Many technical and scientific challenges 

still arise to predicting ENSO with the desired level of con-

fidence due to the complexity of the oceanic and atmo-

spheric processes involved. For example, ENSO forecasts 

are notoriously difficult to make during the months of 

February, March, and April — a time often referred to as 

the “spring predictability barrier” — but become progres-

sively more feasible over the course of May, June, and July 

for lead times up to the next boreal spring (Barnston et al. 

2019). These factors complicate the design of policies and 

timely response mechanisms that could help mitigate eco-

nomic damage and welfare losses. Thus, it is important for 

countries to closely monitor the development of El Niño/

La Niña events and be prepared to make nimble adjust-

ments to their risk management measures.

The strength and consistency of El Niño’s agroclimatic 

impacts vary by region. Even when an El Niño develops, 

the expected impacts are robust and consistent in some 

regions but difficult to predict in others. This is partly 

due to the complexity of the El Niño phenomenon and 

its interaction with other modes of climate variabil-

ity that influence the agroclimate in any given location, 

such as the Indian Ocean Dipole (IOD) and its impacts 

in Asia and Africa. While El Niño events are all associ-

ated with substantial warming of the central and eastern 

part of the tropical Pacific Ocean, which in turn affects 

climate extremes globally, no two El Niño events are 

quite the same. For example, the 2015/16 El Niño devel-

oped strength similar to the 1997/98 El Niño, but their 

localized climate impacts were very different (Xue and 

Kumar 2017). Nevertheless, some regions demonstrate a 

stronger link to El Niño than others. El Niño consistently 

brings drought and poor maize yields to South Africa, 

Zimbabwe, and southern Mozambique, while impacts far-

ther north in Malawi, Zambia, and northern Mozambique 

are possible but less consistent. Therefore, maintaining 

high alerts on early warning systems is critical during El 

Niño events.

LATEST FORESIGHT 
RESEARCH
At the time of writing, all international climate science 

agencies — including the World Meteorological 

Organization (WMO), the International Research Institute 

for Climate and Society (IRI), and the U.S. National 

Oceanic and Atmospheric Administration (NOAA) — pre-

dicted a very high probability of a moderate-to-strong El 

Niño event in 2023/24 (WMO 2023; Johnson 2023; IRI 

2023). The Agricultural Market Information System (AMIS) 

estimated that drier than average conditions would be 

likely in Central America, the Caribbean, northern South 

America, parts of western and northern East Africa, south-

ern Africa, India, and northern China, while positive IOD 

conditions during June to October could ease the drying 

conditions in East Africa during the short rain season in 

November–December (FAO 2023).

The El Niño forecast did not warrant implementation 

of domestic market-protective policy measures. Even 

with the hypothetical worst-case scenario, where a his-

torically strong El Niño affects maize and wheat yields 

in many regions simultaneously (Anderson et al. 2019, 

2023), the total number of catastrophic and simultane-

ous breadbasket shocks globally in a given year is unlikely 
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to increase because an ENSO event increases the prob-

ability of yield shocks in some regions but decreases 

in others (Anderson et al. 2023). Additionally, preemp-

tively implemented policies with uncertain forecasts can 

cause unintended economic impacts. For example, an 

integrated modeling analysis using subnational house-

hold data and crop models suggested that the Zambian 

government’s maize export ban during the early-season 

drought in the 2015/16 El Niño event blocked producers’ 

access to regional food markets, reduced income, and 

exacerbated rural households’ poverty (Koo, Mamun, and 

Martin 2021).

A series of foresight analyses of economywide impacts of 

ENSO using an integrated analytical framework (Figure 1) 

identified a range of effective climate shock-mitigating 

interventions, including on-farm investments in technol-

ogy and irrigation infrastructure, investments in roads 

and grain storage facilities to stabilize food markets, and 

social transfers to provide households with a cushion 

against immediate income and asset losses (Sutton et al. 

2019a, 2019b, 2019c 2019d, 2019e; Koo et al. 2019). For 

Ethiopia specifically, IFPRI used the Rural Investment and 

Policy Analysis (RIAPA) model to analyze El Niño’s impacts 

and the country’s policy responses and estimated that the 

Figure 1  Integrated analytical framework used in the foresight analysis of economywide 
impacts of ENSO events

Source: Koo et al. 2019.

Weather and climate data
Rainfall, temperature (maximum, minimum)

Crop management options
Seed varieties, fertilizer, irrigation,  
crop calendar

Crop and livestock data
Herd size by type of livestock

Social accounting matrix
Producers, households, government

Market policy options
Foreign trade taxes and subsidies,  
social safety nets

Crop yield impacts
Spatial crop models (DSSAT)

Production impacts
Statistical trends analysis

Economywide impacts
Dynamic spatial CGE and microsimulation model

Economic outcomes
National and agricultural GDP, rural and 
urban poverty, and so on

Supply outcomes
Quantities by crop, livestock 
type, and region

Yield outcomes
Yields by crop and region under alternative 

technologies and practices
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combined interventions of food import subsidies, distri-

bution of stored grains, and cash transfers could effec-

tively reduce El Niño’s adverse impacts on the national 

poverty rate and the number of poor people (Koo et 

al. 2019).

It is worth noting that great uncertainty remains about 

how climate change will affect sea surface temperatures, 

ENSO, and teleconnections between regions. Analysis of 

historical ENSO events for the past 11,700 years indicates 

that any recorded changes in El Niño patterns are well 

within the range of natural variability. Similarly, climate 

model simulations without greenhouse gas emissions still 

produce large variations in ENSO due to the nature of the 

climate system (Di Liberto 2021).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Enhanced weather and climate forecasting skills will 

allow early detection and timely warning of floods and 

droughts. A well-maintained network of automated 

weather stations can improve the accuracy of El Niño 

impacts at the local level. Between 2000 and 2017, for 

example, advances in flood early-warning systems were 

estimated to have helped to reduce global flood-related 

human casualties by 45 percent and the number of peo-

ple affected by floods by 24 percent (Perera et al. 2019). 

Conservative estimates based on a meta-analysis of 

global studies suggest that the benefit-cost ratio for reli-

able 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 US$2 billion per 

year in reduced asset losses (WMO 2019). With timely and 

reliable early warning information, policymakers can pre-

pare for disasters and reduce damage by declaring emer-

gencies early and getting resources where they are likely 

to be needed in advance.

Recognizing both the strengths and the uncertainties 

in current ENSO forecasts, policymakers should closely 

monitor the development of El Niño impacts and be pre-

pared to coordinate policy responses in an agile way 

as the situation unfolds. In the Philippines, for exam-

ple, in preparation for the 2015/16 El Niño, the Roadmap 

to Address the Impact of El Niño (RAIN) initiative was 

launched as a pan-government strategic action plan. The 

RAIN initiative enabled multiple government agencies 

to coordinate and respond to the challenges associated 

with climate variability on food security, energy secu-

rity, health, and safety. In 2016, the government of the 

Philippines found that RAIN was successful in mitigating 

the impact of El Niño, particularly in ensuring sufficiency 

in supply of food and keeping food prices stable, but 

that coordination with local government units should be 

strengthened to ensure that the distribution of food and 

other resources is timely (Philippines, NEDA 2016).

It is essential for governments, particularly in drought- 

and flood-prone regions, to proactively implement a 

range of risk-mitigating measures as the probability of 

future El Niño events increases. Promoting climate-re-

silient agrifood systems, strengthening climate forecast 

and early warning capacities, and implementing agile risk 

management policies are critical to mitigating the adverse 

effects of climate variability. By fostering collaboration 

among various institutions and actors, policymakers can 

plan to develop “no-regret” interventions — including cli-

mate information services, climate-smart agriculture 

practices, access to finance, and social safety nets — and 

implement country-specific comprehensive strategies 

that safeguard communities from the likely impacts of 

El Niño. Recognizing the inherent uncertainties in ENSO 

forecasts, governments should closely monitor the devel-

opment of El Niño impacts and be prepared to adapt 

their policies and response mechanisms as the situation 

evolves. Investing in these anticipatory policies and emer-

gency responses will not only help minimize the economic 

damage and welfare losses during El Niño events but also 

contribute to building more climate-resilient agrifood sys-

tems in the long run.

POSTSCRIPT

As a result of the strong El Niño event that did indeed 

develop, southern Africa experienced a record-breaking 

drought in January and February 2024 that caused wide-

spread crop failures, including reductions in maize pro-

duction exceeding 50 percent in Zimbabwe, 30 percent in 

Zambia and Malawi, and 10 percent in South Africa (FEWS 

NET 2024).
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What do we know about  
THE FUTURE OF FOOD ASSISTANCE?
Steven Were Omamo (IFPRI)

Key messages
•	 Food assistance has evolved to address both immediate needs and 

long-term resilience, reflecting the broader scope of interventions 
beyond traditional food aid.

•	 Localized and cash-based assistance is growing in importance, but 
externally sourced, in-kind assistance remains crucial in areas where 
markets and food systems are disrupted and thus unable to ensure 
timely and stable access to nutritious food.

•	 Future food assistance needs will increasingly reflect changing geog-
raphies, growing urban food insecurity, and heightened market vola-
tility, requiring adaptive, anticipatory, and multilayered strategies.

•	 Significant gaps remain in understanding how to sustainably tran-
sition from international food assistance to locally driven, resilient 
food systems that address long-term nutritional adequacy and adapt 
to compounding crises.

•	 Foresight research can help highlight the intersection of climate change, 
conflict, and economic volatility as key drivers of future food assistance 
needs, and the nature of innovations to boost efficiency and impact.

•	 Expanded use of digital tools and integration of food assistance into 
social protection systems offer promising pathways toward enhanced 
efficiency and impact. Further research is needed to ensure that 
innovations reach the most vulnerable in low-resource settings and 
that integrated systems are sustainable.
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RECENT TRENDS AND 
CHALLENGES
Food assistance plays a pivotal role in addressing hun-

ger and food insecurity worldwide. In the past, this term 

primarily referred to emergency food aid, but today’s 

food assistance encompasses a much broader array of 

interventions — from direct food provision to cash trans-

fers, vouchers, nutrition programs, and livelihood sup-

port. This shift defines recent trends and challenges in 

food assistance and underpins progress and gaps in fore-

sight research.

The demand for food assistance is surging globally, 

fueled by food insecurity generated by disruption and 

displacement linked to conflict, climate change, and eco-

nomic instability. Today’s food crises are increasingly 

multifaceted, with overlapping drivers of vulnerability. 

The Horn of Africa, the Sahel, Central Africa, Yemen, and 

Syria are notable examples of regions and countries fac-

ing intertwined challenges. The COVID-19 pandemic 

exposed and magnified vulnerabilities in many food sys-

tems, significantly expanding food assistance needs. 

Extreme weather events and longer-term shifts in weather 

patterns are disrupting agricultural production and food 

supply chains, leading to food price volatility, increased 

vulnerability among farming communities, and a height-

ened demand for external assistance. Food assistance 

programs must adapt to the reality of these environmen-

tal pressures while supporting the long-term resilience of 

affected communities (FAO et al. 2024; WFP 2017).

Market disruptions caused by conflict, inflation, and 

global supply chain instability are complicating food 

assistance delivery. These disruptions often reduce the 

availability of nutrient-dense foods and undermine the 

effectiveness of cash-based transfers. For example, global 

crises such as the Russia-Ukraine war and economic insta-

bility in fragile states have exacerbated food price infla-

tion, limiting the purchasing power of cash assistance. In 

urban contexts, where climate-driven migration is intensi-

fying, food insecurity is growing in informal settlements, 

requiring tailored approaches to address access and 

affordability challenges in densely populated areas (WFP 

and FAO 2024).

As demand for food assistance has grown, so too has 

the need to address both the quantity and the nutri-

tional quality of food provided to vulnerable populations. 

Many regions affected by complex crises face high rates 

of malnutrition, particularly among children and preg-

nant women. Programs that integrate nutrition-sensitive 

approaches — such as food fortification or the inclusion 

of diverse, nutrient-rich foods like fruits, vegetables, and 

proteins — are widely acknowledged to be essential for 

reducing the long-term effects of malnutrition.

In-kind distribution of externally sourced food is still 

essential in many contexts, but a marked shift toward 

more flexible forms of assistance has taken place. Cash-

based transfers, vouchers, and in-kind support based on 

local food procurement form a significant part of food 

assistance efforts (Figure 1). These approaches allow 

recipients to make their own food choices and often sup-

port local markets, fostering greater autonomy and dig-

nity for beneficiaries. Food assistance operations are 

increasingly integrated with social protection systems, 

aiming to protect assets and boost resilience. But the 

greater diversity of tools comes with new challenges. 

Cash-based assistance can provide beneficiaries with 

more choices and potentially improve their nutritional 

intake, but it also depends heavily on the availability of 

nutrient-dense foods in local markets. If markets lack 

diversity or are disrupted by conflict or climate impacts, 

recipients may not be able to access a balanced diet, even 

with cash transfers. In many contexts, the value of cash-

based transfers is being eroded by rampant food price 

inflation. In regions where markets are disrupted, or food 

is not readily available, in-kind support remains critical.

The increasing adoption of digital tools in food assis-

tance operations has transformed how organizations 

monitor and respond to food insecurity. The UN World 

Food Programme (WFP) is a leading developer and 

implementer of digital solutions, aiming to improve effi-

ciency, targeting, and transparency. Tools like the Mobile 

Vulnerability Analysis and Mapping (mVAM) and AI-based 

platforms such as HungerMap LIVE provide real-time 

insights on food consumption patterns, market prices, 

and food security risks, allowing for timelier, data-driven 

interventions. SCOPE, the cloud-based digital beneficiary 

and transfer management platform, integrates biomet-

ric data and is used to track and manage distributions, 

ensuring that food and cash reach intended beneficia-

ries securely. The Building Blocks platform allows for cash 

transfers to be delivered securely using blockchain, ensur-

ing transparency, reducing fraud, and lowering trans-

action costs. The Vulnerability Analysis and Mapping 

Platform for the Impact of Regional Events (VAMPIRE) 
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is used for real-time analysis of vulnerability and food 

security, primarily focusing on the impacts of regional 

or localized events such as droughts or political instabil-

ity. In disaster-prone or conflict-affected regions, drones 

provide real-time data on infrastructure, flood damage, 

and affected populations. However, a major challenge 

remains in scaling these tools to low-resource settings 

where Internet and mobile connectivity may be unreli-

able, and digital literacy levels vary significantly (WFP 

2024a, 2024b).

The funding landscape for food assistance has become 

increasingly strained. Donors face competing priorities, 

particularly in the context of post-COVID-19 domestic 

economic recovery and growing conflict-driven demands 

on humanitarian resources. This challenge raises ques-

tions about the sustainability of food assistance efforts 

and the need to diversify and expand funding sources. 

The rising cost of providing food assistance in increas-

ingly numerous conflict zones is straining available 

resources. Nutrient-rich foods — such as fortified prod-

ucts, fresh produce, and animal-based proteins — are 

expensive but essential for addressing malnutrition. 

Ensuring sufficient funding to include these options in 

food assistance programs is increasingly challenging but 

critical, especially for vulnerable groups like children and 

pregnant women.

Given these trends and challenges, future food assis-

tance will need to respond to three critical dynamics: 

(1) need for long-term resilience — as climate variability 

and natural disasters push more people into food inse-

curity, assistance programs will need to integrate resil-

ience-building approaches, such as predisaster cash 

transfers, drought-resistant crops, and climate-adaptive 

livelihood support; (2) market volatility— as conflicts and 

global supply chain disruptions necessitate flexible food 

assistance models that combine cash-based and in-kind 

transfers, predictive tools and anticipatory planning will 

become critical for responding to fluctuating market con-

ditions; and (3) complex crises— the convergence of cli-

mate change, conflict, and economic volatility will expand 

food insecurity more firmly into urban areas and require 

multilayered responses that integrate food assistance 

with social protection systems. In most contexts, greater 

reliance on anticipatory action and adaptive assistance 

models will be needed to address rapid changes in food 

prices, market access, and population displacement.

Figure 1  Evolution of World Food Programme in-kind and cash-based transfers, 2010–2023

Source: World Food Programme Annual Performance Reports. https://www.wfp.org/publications/annual-performance-report

Note: CBT = cash-based transfers.
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LATEST FORESIGHT 
RESEARCH
WFP has led several forward-looking initiatives to map 

future trends in hunger and food insecurity. These stud-

ies — many conducted in partnership with the Food and 

Agriculture Organization of the United Nations (FAO) — 

have emphasized the connections between climate risks, 

migration, and conflict as key drivers of food crises. 

WFP’s research also advocates for a more comprehensive 

approach that combines immediate response with resil-

ience building, recognizing that emergency assistance 

alone will not solve long-term hunger. WFP’s foresight 

research increasingly focuses on nutrition-sensitive food 

assistance, advocating for fortified foods and diverse 

food baskets to improve nutritional outcomes.

The annual Global Report on Food Crises (GRFC) pro-

duced by a consortium of UN agencies and nongovern-

mental organizations provides a comprehensive global-, 

regional-, and country-level view of current and antici-

pated food crises linked to conflicts, economic shocks, 

and weather extremes. Aiming to guide operational and 

strategic planning, projections are both short-term (weeks 

to months) and medium-term (up to one year). Serving as 

the reference document for a comprehensive analysis of 

global-, regional-, and country-level acute food insecurity, 

the GRFC combines forward-looking analytics with field 

data to highlight emerging hunger hotspots and forecast 

future needs, making it a critical tool for policy and plan-

ning in food assistance (FSIN and GNAFC 2024).

Projections by the International Food Policy Research 

Institute (IFPRI) focus on how food systems will be 

impacted by global changes in climate, population, and 

economic conditions. Looking ahead from months to 

decades, IFPRI’s analyses emphasize the integration of 

food assistance into broader development strategies, 

especially in fragile contexts where climate change and 

conflict intersect. Research indicates that climate change 

poses unprecedented challenges to food systems, threat-

ening agricultural production and the biodiversity that 

underpins agriculture. IFPRI also highlights the complex 

relationship between conflict and food insecurity, not-

ing that conflict disrupts food systems and exacerbates 

malnutrition. To address these challenges, IFPRI research 

stresses the importance of integrating food assistance 

into broader development strategies, particularly in frag-

ile contexts where climate and conflict overlap. Studies 

highlight the nutritional risks posed by climate change, 

conflict, and economic instability. Future food assistance 

strategies must go beyond caloric intake to ensure that 

diets are nutritionally adequate. This involves not only 

immediate food aid but also investments in local food sys-

tems that can provide diverse, nutrient-rich foods in the 

long term (IFPRI 2023, 2024; Vos 2020).

Several research institutions within the global Cash 

Learning Partnership (CALP) Network are exploring how 

the potential of cash-based assistance can be maximized in 

humanitarian contexts and better aligned with local econ-

omies and resilience-building strategies. This research 

emphasizes the need for more localized approaches to 

food assistance, which could help reduce dependence on 

international aid and foster more sustainable, communi-

ty-driven solutions (CALP Network 2024; WFP 2023).

A large body of foresight research both emphasizes and 

illustrates the growing role of digital innovations in trans-

forming food assistance delivery and monitoring. Tools 

such as blockchain and machine learning are being inte-

grated into food systems to improve traceability, transpar-

ency, and efficiency. For example, WFP’s Building Blocks 

project highlights how blockchain technology can reduce 

transaction costs, prevent fraud, and provide real-time 

data for better decision-making. Machine learning has 

been used to forecast food security indicators such as the 

Food Consumption Score, the Household Dietary Diversity 

Score, and the reduced Coping Strategy Index, and to 

forecast the future behavior of the food security classifica-

tions in the Food Security Integrated Phase Classification 

(IPC) phases. Future research anticipates increased reli-

ance on these tools, particularly in humanitarian contexts 

where the timeliness and transparency of food assistance 

are paramount (Herteux et al. 2024; Lentz et al. 2019).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Alongside the strong focus on resilience of much fore-

sight research, deeper exploration is needed of how 

local food systems can be strengthened to operate inde-

pendently of external food assistance. Understanding 

the role of national governments, the private sector, 

and civil society in creating robust safety nets and food 
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systems will be key to reducing reliance on international 

assistance. A key gap in foresight research is how to 

strengthen local food systems to ensure the nutritional 

adequacy of food assistance. More research is needed 

on how local agricultural production, processing, and 

distribution can be enhanced to ensure a steady sup-

ply of nutrient-rich foods. Addressing this gap is critical 

for reducing long-term dependence on external aid and 

improving the overall health of communities. Also critical 

is increased understanding of how urban food insecurity 

can be addressed effectively, particularly in informal set-

tlements, and how to adapt cash-based programs to con-

texts with high inflation or limited food availability.

Foresight research must deepen and expand examina-

tions of the potential of emerging technologies such 

as blockchain, artificial intelligence, and digital finan-

cial tools in food assistance delivery systems. These rap-

idly evolving innovations have the potential to make food 

assistance more efficient, transparent, and responsive 

to the needs of recipients. They could also enhance the 

nutritional value of food assistance, helping to track the 

nutritional content of food baskets and making delivery 

systems more responsive to real-time needs.

While cash-based assistance gives beneficiaries the 

freedom to purchase food, it does not always guaran-

tee access to nutritious options, particularly in areas 

where fresh and diverse foods are not readily available. 

Future research should focus on the long-term nutritional 

impacts of cash transfers and how they can be better 

designed to support balanced diets.

As food assistance becomes more integrated with 

broader social protection frameworks, more research on 

how these systems interact is essential. At issue is how 

food assistance programs can be designed to better align 

with national social protection systems, thereby strength-

ening the social safety nets of vulnerable populations. 

Integrating food assistance with social protection sys-

tems offers an opportunity to embed nutrition-sensitive 

programming within a broader development agenda. By 

aligning these two systems, governments and organiza-

tions can ensure that vulnerable populations have consis-

tent access to nutritious food, not only during crises but as 

part of ongoing social safety nets.

While digital tools like mVAM and blockchain have shown 

promise, questions remain about the applicability of 

digital innovations in low-resource settings with poor 

infrastructure. How digital literacy and access to technol-

ogy influence the effectiveness of these tools is poorly 

understood, particularly in rural areas where mobile con-

nectivity is often lacking. More research is also needed on 

how digital tools can integrate with local food systems to 

strengthen resilience during crises.
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What do we know about  
THE FUTURE OF FOOD SYSTEMS 
IN WEST AND CENTRAL AFRICA?
Dolapo Enahoro (ILRI), Charles Mensah (University of Ghana), 
and Sika Gbegbelegbe (IITA)

Key messages
•	 Food systems in West and Central Africa (WCA) are challenged by 

slow growth in productivity and incomes and by climate change.

•	 Urbanization and related trends are creating new opportunities for 
the region’s agricultural value chains to meet nutrition and employ-
ment needs, including those of women and young people.

•	 Climate change poses a significant threat to future agricultural pro-
duction in the region, and dependence on food imports is mostly 
projected to increase.

•	 Foresight studies that account for the future can help guide the trans-
formation of food, land, and water systems in WCA in response to 
climate change. However, new analyses are needed to address the 
multidimensional nature of the region’s challenges.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Countries in West and Central Africa (WCA) are fac-

ing immense pressure to meet the growing food, nutri-

tion, employment, and other needs of their increasing 

urban populations (OECD, UNECA, and AfDB 2022). The 

region’s vulnerability to climate change and low adaptive 

capacities due to socioeconomic and physical character-

istics make it hard to respond effectively to these chal-

lenges (Fuller et al. 2018; Partey et al. 2018).

In the last 10 years, WCA’s total population increased 

by 29 percent, compared to a 10 percent increase in 

the world’s population, while WCA’s urban population 

increased by 45 percent, versus 19 percent globally (FAO 

2022a). The strong growth in urbanization (along with 

population growth) has been driving higher demand in 

the region for cereals, animal-source foods, and other 

food types associated with more urbanized diets (EUC 

2019; Kruseman et al. 2020; Latino, Pica-Ciamarra, and 

Wisser 2020).

The demographic changes have occurred alongside 

poor economic performance across the region, char-

acterized by slow economic growth, low incomes, and 

high rates of unemployment and underemployment, 

particularly in rural areas (AfDB 2019, 2020; Musibau, 

Shittu, and Yanotti 2022). An estimated 90 million of the 

region’s 600-plus million people live in poverty (CGIAR 

2022). Although progress has been made in the past 

two decades, hunger and malnutrition are still high in 

the region and have been exacerbated in the last few 

years by effects of the COVID-19 pandemic and the war 

in Ukraine (Chadare et al. 2022; FAO 2022b; Udmale et 

al. 2020).

Low agricultural productivity, weak local markets for 

agricultural and food products, and negative effects of 

global climate change on the natural resource base con-

stitute major threats to the future of food security and 

livelihoods in WCA (CGIAR 2022). A combination of high 

temperatures that are above global averages, extreme 

climate events, civil conflicts, food insecurity, and eco-

nomic hardship may have already contributed to the 

displacement of an estimated 17 million people in the 

region over the last two decades (Padgham, Jabbour, 

and Dietrich 2015; Filho, Olaniyan, and Alverio 2022; 

WFP 2017).

LATEST FORESIGHT 
RESEARCH
Given the myriad interacting demographic, sociocultural, 

political, infrastructural, technological, and environmen-

tal challenges that WCA faces, it will be important for 

decision-makers to better understand the transformation 

trends of the region’s food, land, and water systems, and 

how these trends and their impacts are likely to evolve in 

the coming decades.

Climate change may be the most important long-term 

driver in the context of which other trends (such as migra-

tion and urbanization) and interventions (including poli-

cies and investments) will need to be addressed (OECD, 

UNECA, and AfDB 2022; CGIAR 2022). This chapter 

highlights some of the key studies relevant to the dis-

course. These studies analyzed the potential effects of 

climate change on agricultural land and production in 

WCA (Akpoti et al. 2022; Ugbaje, Odeh, and Bishop 2019; 

Manners et al. 2021; Zabel, Putzenlechner, and Mauser 

2014); the impacts of income and population growth on 

food security (Jalloh et al. 2013); and linkages of future 

land use to food security in the region under alternative 

scenarios, including climate change (de Lattre-Gasquet, 

Moreau, and Okul 2018).

Akpoti et al. (2022) used a spatially explicit modeling 

approach and an ensemble of spatially downscaled and 

bias-corrected climate data to project changes in areas 

suitable for rice production in West Africa, compared to 

the baseline, for four time periods between 2030 and 

2080. The projected changes, which result from variations 

in temperature and precipitation brought about by cli-

mate change, are on the order of 22–33 percent losses in 

rice area under the lowest reduction scenarios and more 

than 50 percent in the extreme case. The study suggested 

that strong adaptation measures along with technologi-

cal advancement and adoption will be needed to address 

these adverse effects. 

Ugbaje, Odeh, and Bishop (2019) similarly showed for 

maize that, relative to the current situation where more 

than 90 percent of West Africa is at least moderately suit-

able for production, agricultural suitability will decline 

in at least 43 percent of that region under future climate 

change, mostly due to changes in temperature. Under the 

worst-case scenario simulated in that study, only about 

15 percent of the West African region remains suitable 
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for maize production by 2080. A similar study analyzing 

crop suitability in Central Africa indicated that climate 

change will be somewhat favorable to root-, tuber-, and 

banana-based systems under specified agronomic prac-

tices, with widespread negative impacts seen only for 

potato production (Manners et al. 2021). This result sup-

ports projections from an earlier global study showing 

that the importance of root, tuber, and banana crops for 

food security will likely increase in the world’s poorest 

regions (Petsakos et al. 2019). For West Africa, it is likely 

that land suitability for agriculture would worsen in the 

northern part and should improve somewhat in the south-

ern part of the region by 2071–2100, with a similar trend 

also likely for Central Africa (Zabel, Putzenlechner, and 

Mauser 2014).

These studies generally agree that climate change will 

affect agricultural productivity and total food production, 

which have implications for poverty, food security, and 

nutrition. An earlier study showed that malnutrition could 

increase across the region under persisting conditions 

of low incomes and high population growth (Jalloh et al. 

2013). Further, Rigaud et al. (2021) estimated that due to 

climate change, West Africa alone could ultimately see 

the internal displacement of as many as 32 million peo-

ple by 2050. A different study linking changes in agricul-

tural land and production to food importation and food 

self-sufficiency further buttresses projections of food 

security impacts of climate change in WCA. Using an ana-

lytical framework that combined quantitative and quali-

tative approaches, de Lattre-Gasquet, Moreau, and Okul 

(2018) showed that even where arable and permanent 

crop areas as well as pastures and meadows increase in 

WCA, overall food and animal feed production is likely to 

be insufficient, and food and animal feed import depen-

dence is likely to increase. The exception in that study was 

a regionalization scenario in which West African states 

have joined to form regionally governed blocs. In this sce-

nario, import demand was projected to decline, particu-

larly for animal products. These results derived from the 

study’s accounting for future scenarios of urbanization 

and rural transformation, dietary changes, and climate 

change and sustainability, among others.

The studies raise questions about what governments, 

civil society, and other decision-makers in the region may 

need to do to position their countries to meet future food 

security challenges. They also highlight the relevance to 

national planning (including on land use) of accounting for 

multiple scenarios of future change.

Recent results from an updated version of IFPRI’s 

International Model for Policy Analysis of Agricultural 

Commodities and Trade (IMPACT, Version 3.4) show that 

the region could become more dependent on imports 

to meet its food consumption requirements by 2050 

(Figure 1). The IMPACT results are based on a busi-

ness-as-usual (BAU) scenario that involves (1) middle-

of-the-road changes in socioeconomic trends; and (2) 

climate change, represented through the Representative 

Concentration Pathway 7 (RCP 7) and the IPSL-CM5A-LR 

Earth System Model (IFPRI 2024). For cereals, net imports 

could increase to reach about 50 percent of cereal con-

sumption requirements by 2045 under the BAU scenario 

(Figure 1a). However, per capita consumption would 

remain relatively constant over the years. It is likely that 

climate change could reduce yields, possibly reducing 

per capita consumption and food security. These projec-

tions also imply rising net imports of livestock products, 

which could reach about 40 percent of consumption by 

2050 (Figure 1b). Per capita consumption is also projected 

to increase over time, due in part to rising incomes and 

changing diets. The region is projected to become a net 

exporter of roots and tubers over the projection period 

(Figure 1c). These rising net exports for roots and tubers 

would be associated with a reduction in per capita con-

sumption within the region. Such a trend implies that 

the region will need to increase domestic production to 

meet the demand for both domestic and export markets. 

Multiple scenarios indicate that it is likely that per capita 

consumption of key staple foods in WCA could decrease 

significantly under climate change, with negative implica-

tions for food and nutrition security in the region.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Foresight studies for WCA generally agree that climate 

change will have significant impacts on agricultural and 

food systems in the region, from crop suitability and agri-

cultural productivity to food and animal feed production, 

food import dependence, and migration. These impacts 

can be small or large and negative or positive for the dif-

ferent crop, livestock, and food systems and/or geog-

raphies. Indications are that emerging demographic 

and socioeconomic trends will interact with biophysical 

changes to generate increased challenges to the future 
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Figure 1  Projected trends for consumption 
and net exports for (a) cereals, (b) livestock 
products, and (c) roots and tubers: West and 
Central Africa

Source: Authors, using data from IFPRI (2024).
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food security of WCA. However, these interactions have 

often not been explicitly or fully analyzed. It is not obvious 

what the impacts (for example, on nutrition, food secu-

rity, and employment) will be under climate change of 

ongoing trends related to urbanization or dietary change, 

or how the important trade-offs that emerge between 

these impacts should be managed. While indications of 

increased food dependence exist in the region, there 

are very few quantitative regionwide simulations to show 

whether these will have negative or positive impacts for 

WCA overall; that is, beyond meeting the foremost or ini-

tial objectives of food security. In addition, most fore-

sight studies targeting WCA have not considered weather 

extremes or the biotic impacts linked to climate change.

Additional quantitative analyses are thus needed to link 

alternative scenarios of future climate change — charac-

terized by changes as well as extremes in temperature, 

precipitation, and other abiotic indices — not just to agri-

cultural production, but also to biotic impacts and to agri-

cultural value chains and food systems in their entirety. 

That way, the interactions of climate change with demo-

graphic (including urbanization and migration), socio-

economic (including gender and youth), technological, 

and environmental factors and impacts in WCA can be 

more adequately captured. Finally, there may be incen-

tives to explore synergies between quantitative and qual-

itative foresight approaches to support the governance 

and implementation of sustainable food systems transfor-

mation in WCA.
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Key messages
•	 Food demand in East and Southern Africa (ESA) is expected to be 

three to nine times higher by 2050 (relative to 2010), depending on 
the emerging economic and demographic trends.

•	 To meet demand, agrifood systems (AFS) in the region must expand 
and diversify. Consumption demand for meats and fruits and vegeta-
bles will more than triple by 2050, creating economic opportunities 
but also inclusivity challenges.

•	 Transformations in AFS must increase the sector’s resilience to 
supply-side shocks that threaten food security and nutrition.

•	 Favorable policies and investments that are country-specific, inclu-
sive, and sustainable will be powerful tools to shape and influence 
AFS transitions in the region.
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RECENT TRENDS AND 
CHALLENGES
The East and Southern Africa region (ESA) is home to over 

656 million people and has one of the most vulnerable 

food systems in the world. Elevated levels of poverty and 

socioeconomic disparities prevent most of the population 

from accessing adequate, safe, and nutritious food every 

day. ESA’s agrifood systems (AFS) are shaped by several 

megatrends (AGRA 2022).

Climate change. Analysis shows rising temperatures, 

highly variable rainfall, and more frequent extreme 

weather events across the region, with negative impacts 

on agricultural production, food insecurity, and malnutri-

tion (AGRA 2022; FSIN 2022; Doi, Behera, and Yamagata 

2022; IPCC 2022). The region has been identified as a 

global hotspot for human vulnerability, malnutrition, and 

micronutrient deficiencies (IPCC 2022).

Population growth and land scarcity. ESA’s population 

is projected to more than double by 2050 (from 2010), 

with faster growth in urban areas (Messina et al. 2014). 

Coupled with land scarcity, higher food demand has led 

to declines in smallholder farm size, more continuous field 

cultivation, and changes in land allocations, increasing 

existing challenges to broad-based, inclusive AFS devel-

opment (AGRA 2022).

Urbanization, economic growth, and inequality. Rapid 

urbanization, concentrated in smaller cities and towns, and 

economic growth have led to rising per capita incomes and 

a growing middle class (Ogwu 2019; Tschirley, Haggblade, 

and Reardon 2014; Tschirley, Reardon et al. 2015). Food 

preferences are thus shifting toward purchased, processed, 

perishable, and high-value products (AGRA 2022). While 

this presents an opportunity for growth, current AFS have 

failed to meet demand. Dietary changes together with dis-

parities in healthy food access driven by income inequality 

will have implications for the incidence of diet-related non-

communicable disease if not managed.

Supply-side disruptions. Food system shocks due to 

global pandemics, extreme weather, pest and disease 

outbreaks, political and market instability, and con-

flict are increasing in frequency and severity, raising the 

risk of chronic and acute food insecurity (AGRA 2022). 

Climate, pest outbreaks, and armed conflicts have neg-

atively affected food supply, while global value chain 

disruptions have increased food prices. Since 2019, nearly 

50 million additional people in Africa, most in ESA, have 

become food insecure. Food insecurity for women has 

been exacerbated.

Rapid innovation in digital agriculture. More than 390 

distinct digital agriculture solutions have been devel-

oped in Africa (Tsan, Totapally, and Hailu 2019), includ-

ing in ESA. These digital solutions are used in five major 

areas: advisory services, market linkages, financial access, 

supply chain management, and macro agricultural intelli-

gence (Tshirley, Reardon et al. 2015). The rapid adoption 

of mobile phones and internet connectivity has accel-

erated the deployment of agricultural services (Mabaya 

and Porciello 2022). Continued technology use can raise 

AFS resilience through better coordination and increased 

use of big data to predict and mitigate against shocks 

(AGRA 2022).

LATEST FORESIGHT 
RESEARCH
We identify four key research papers on AFS transfor-

mation foresight in the ESA region. The first focuses on 

two key trends: global food prices and urban income 

growth (Jayne, Meyer, and Traub 2014). The authors con-

sider four plausible futures for sub-Saharan Africa (SSA) 

that include a mixture of high/low global food price envi-

ronments and broad/narrow increases in income growth. 

The second paper also identifies household income 

growth as a key determinant of ESA’s AFS transforma-

tion (Tschirley, Haggblade, and Reardon 2014). In this 

study, changes in rural and urban diets (by tercile) are pro-

jected to 2040 under differing household income growth 

assumptions across terciles and settlement types (urban/

rural). Changes are projected for 23 food groups and 

allocated to broader food consumption groups such as 

own production versus market, unprocessed versus pro-

cessed, informal versus formal processed, and low ver-

sus high value-added processed foods. The third paper 

uses estimates of consumer expenditure growth to proj-

ect changes in food and nonfood expenditures to 2040 

in Ethiopia, Malawi, Mozambique, Tanzania, Uganda, and 

Zambia (Tschirley, Snyder et al. 2015). These demands are 

then used to estimate AFS and non-AFS employment. The 

fourth and most recent paper uses IFPRI’s International 

Model for Policy Analysis of Agricultural Commodities 

and Trade (IMPACT) to project food demand and supply 
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globally, including in ESA (Rosegrant et al. 2024), and con-

siders the potential impact of climate change. Findings 

from Thomas et al. (2022) and Thomas and Robertson 

(2024) are also included as the most recent work on cli-

mate change and crop production in the ESA region. 

These papers consider changes in temperature, precipi-

tation, and weather variability under different global cli-

mates and potential futures.

Studies by Tschirley, Haggblade, and Reardon (2014) and 

Jayne, Meyer, and Traub (2014) show that while an increase 

in demand for market and processed foods is expected, 

the rate of change is very much determined by the pace 

and breadth of household income growth. By 2040, food 

demand is estimated to increase between three times 

(pessimistic economic development) and nine times (opti-

mistic) the 2010 level (Tschirley, Haggblade, and Reardon 

2014). For ESA, Rosegrant et al. (2024) estimate a near 

doubling of food consumption between 2020 and 2050. 

More equitable income growth (optimistic) results in larger 

increases in food demand but also faster shifts toward 

processed foods (Jayne, Meyer, and Traub 2014; Tschirley, 

Haggblade, and Reardon 2014). For food groups, the larg-

est share declines are in maize and own production toward 

“food away from home,” beef, fruit, and high-value pro-

cessed items (Tschirley, Haggblade, and Reardon 2014). 

Demand shares of root crops and plantain decrease, while 

wheat and wheat products, beverages, and eggs increase. 

Rosegrant et al. (2024) find similar trends in ESA with a shift 

to meats and fruits and vegetables.

Changes in dietary patterns are important for the devel-

opment of agro-processing systems and market devel-

opment. By 20240, the modern food sector’s estimated 

market share rises to nearly 50 percent (Tschirley, 

Haggblade, and Reardon 2014). The expansion of this sec-

tor is likely to lead to increased food safety, and lower and 

more stable prices, but it will also squeeze out smallholder 

farmers and small stores. Women will be disproportion-

ately affected by market changes, as they are the main 

retailers in the traditional food market sector, although 

some women will gain from the rise in food demand as 

the smallholder sector will remain a key provider of food. 

Unequal increases in incomes, however, are likely to result 

in higher food import shares as the scale of demand may 

be insufficient to attract the necessary investment for local 

industry development (Jayne, Meyer, and Trabu 2014). 

Despite robust growth in production, net food trade (that 

is, net exports) is projected to become sharply negative in 

ESA (Rosegrant et al. 2024) (Figure 1).

Changing dietary patterns also hold opportunities for 

employment and increased equality. Dietary changes 

could increase the employment share of nonfarm AFS 

sectors in ESA to between 9.7 percent (low growth) and 

11.3 percent (high) in 2025 (7.9 percent in 2010) (Tschirley, 

Snyder et al. 2015), with employment levels in food man-

ufacturing, food preparation, and marketing and trans-

port more than doubling. Employment effects, however, 

depend significantly on the capital intensity of non-AFS 

sectors. More capital-intensive sectors create fewer jobs, 

thereby limiting employment opportunities outside of 

agriculture and increasing income inequality. Higher lev-

els of income inequality, as indicated above, negatively 

affect the expansion of nonfarm AFS sectors.

While the share of maize in total consumption is likely to 

decline, the crop will remain a crucial source of calories 

and nutrients (Jayne, Meyer, and Traub 2014: Thomas et al. 

2022). Although climate change will slow maize yield growth 

from what it would be without climate change, maize yields 

in ESA as a whole will be less adversely impacted in average 

years than in the rest of the world (Thomas and Robertson 

2024). This is because many maize-producing areas in ESA 

are in cooler highlands. Nonetheless, the impact of climate 

change on maize yields is much higher in Uganda, Zambia, 

and Zimbabwe than it is in the rest of ESA.

In addition to the impact of climate change on yields in 

average years, it is important to understand the impact of 

extreme events. In low-yield years caused by drought or 

unusually high temperatures, the impact on yields will be 

greater. Maize yields in Southern Africa could decrease 

by as much as 16 percent by 2060, relative to 2020, in a 

bad year (1-in-20-year event; high global emissions sce-

nario, ignoring technological change). The frequency 

of bad years is likely to increase: a 1-in-20-year event is 

expected every 3.5 years with climate change (Thomas 

et al. 2022). Subregional impacts could be more severe 

(Gbegbelegbe et al. 2024).

Although the proportion of the population at risk of hun-

ger in ESA is projected to fall between 2020 and 2050 in 

the baseline scenario, the number of people at risk is pro-

jected to increase. Furthermore, the number of people at 

risk of hunger in ESA in 2050 is projected to be 10 million 

more than it would be under a more optimistic climate 

change scenario (see Chapter 36 in this publication).

Many of the trends experienced in ESA are influenced and/

or determined by policies and investments. AFS-related 
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Figure 1  Change in production and net trade in ESA, 2020–2050

A Change in production in ESA by commodity group, 2020–2050

B Change in net trade in ESA by commodity group, 2020–2050

Source: Rosegrant et al. (2024).

Note: Based on data from the reference scenario: SSP2-RCP7.0-IPSL, from IMPACT version 3.4. ESA = East and Southern Africa. Net trade refers to net exports.
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policies need to be country- and context-specific, as trans-

formations across the region and within countries will be 

heterogenous. Policy decisions that hinder investment 

and fail to create needed infrastructure for transport, mar-

keting, energy, and communications will negatively affect 

AFS transformation. Investing in education and develop-

ing technical skills are crucial to the success of food sys-

tems transformation in the region.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

We are not aware of any recent AFS foresight studies spe-

cifically focused on the ESA region, although several stud-

ies do look at subregions or specific countries. Foresight 

research opportunities related to AFS transformation 

in ESA include (1) urbanization patterns, changing mar-

ket structures, and the role of the traditional food sector; 

(2) the impacts of changing diets on nutrition, health, and 

inclusivity; (3) the interaction of population growth, urban-

ization, and smallholder farming under changing climate 

and global socioeconomic conditions; (4) income dispari-

ties, food prices, and intraregional and intra-Africa trade; 

and (5) the impact of food systems transformation on land 

use, carbon emissions, and resilience.
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What do we know about  
THE FUTURE OF FOOD SYSTEMS 
IN CENTRAL AND WEST ASIA AND 
NORTH AFRICA?
Aymen Frija (ICARDA)

Key messages
•	 The subregions of Central and West Asia and North Africa (CWANA) 

will continue to import around 50 percent of domestic food require-
ments by 2050.

•	 Natural resources will continue to degrade in the CWANA region until 
2050 and beyond.

•	 Agrifood systems transformation in CWANA can be facilitated by 
fast-tracking technology transfer approaches, leading to sustainable 
productivity growth.

•	 Foresight analyses are needed to generate scenarios of agrifood sys-
tem transformation in CWANA, with a focus on reducing trade and 
importation risks related to international market volatility.
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RECENT TRENDS AND 
CHALLENGES
Food systems in Central and West Asia and North Africa 

(CWANA)1 are characterized by a subset of well-known 

and documented dynamics and transformations. The 

region is recognized for its critical challenges in numer-

ous areas: environmental (dry areas; a high level of deg-

radation of soil, water, and rangelands; a hotspot for 

climate change); socioeconomic (population growth; gen-

der and other inequities; conflicts; a preponderance of 

small farms; lack of technology transfer and of investment 

capacity; and heavy dependence on food imports); and 

political (political economy and related market biases; low 

efficiency and effectiveness of programs; and lack of eco-

nomic incentives for investments) (Shideed, Shomo, and 

Aw-Hassan 2010). Current and future foresight studies of 

agrifood systems indicate that marginality and vulnerabil-

ity in food production and access are already high, mainly 

due to the following factors:

•	 Climate change is leading to reduced availability of 

blue and green water. One-half of the population in 

the Middle East and North Africa (MENA), a subregion 

of CWANA, already lives under water stress (Belhaj 

and Soliman 2021).

•	 Population growth in CWANA is among the highest in 

the world, with a total fertility rate of 2.8 in 2021, but 

is expected to decrease to 2.2 in 2050 (second high-

est after sub-Saharan Africa), while the region’s pop-

ulation is expected to reach 770 million by 2050 (UN 

2022). This is expected to intensify social pressure, 

increase job and food demand, and encourage migra-

tion (Belhaj and Soliman 2021; Läderach et al. 2022). 

However, agricultural productivity rates are not grow-

ing at the same pace as population growth (Rosegrant 

et al. 2017; Fuglie et al. 2019).

•	 Diets and nutrition are challenging issues in CWANA. 

Local production — dominated by cereals (wheat in 

wetter areas and barley in drier areas), legumes (chick-

peas, lentils, and fodder) (Frija 2021) — forms the core 

of the population’s diet. But domestic supplies of all 

these commodities are becoming increasingly unreli-

able and inadequate.

1	 Central and West Asia and North Africa (CWANA) is the term used by CGIAR to refer to the drylands extending from Morocco in North Africa to Central Asia.

•	 Around one-third of calories consumed in MENA orig-

inate from subsidized wheat (Belhaj and Soliman 2021; 

Kruseman et al. 2020, 2021; Frija 2021) with negative 

impacts of diets on human health (such as obesity) 

(Agnivesh 2023).

•	 Malnutrition is another key challenge (Agnivesh 2023). 

Around 55 million people in MENA are estimated to be 

undernourished, and around 20 percent of the pop-

ulation is food insecure (Belhaj and Soliman 2021). 

The numbers of food insecure are particularly high in 

conflict areas (about 24 million in Yemen, 12 million 

in Syria, and 4 million in Iraq), while malnutrition is 

driven by inflation and other economic and financial 

factors in countries such Lebanon, Tunisia, and Egypt. 

Malnutrition imposes long-term economic costs that 

can reach 3 percent of gross domestic product (GDP) 

in some poor countries (World Bank 2006).

•	 Continuous heavy depletion of natural resources — 

including water (Agnivesh 2023; de Waal et al. 2023; 

Droogers et al. 2012; Lentz 2021), rangelands (Frija et 

al. 2023; Sghaier et al. 2024), soils (Bahri et al. 2019), 

and biodiversity (Sarant 2019) — are also of concern, 

with implications for long-term sustainability.

LATEST FORESIGHT 
RESEARCH
Recent foresight studies suggest that CWANA’s agrifood 

challenges can be partly mitigated through more sustain-

able use of land, soil, and water (Agnivesh 2023; de Waal 

et al. 2023; Droogers et al. 2012; Lentz 2021). However, 

water scarcity is expected to continue to adversely impact 

job opportunities, farm incomes, reliability of agricul-

tural exports, and the ability of vulnerable communities in 

the region to access domestic water and food at afford-

able prices (El Kharraz et al. 2012). A World Bank report 

indicates that by the end of this decade, the amount of 

water available annually per capita will be below the 

absolute water scarcity threshold of 500 cubic meters 

(de Waal et al. 2023). An additional 25 billion cubic 

meters of water per year will be needed by 2050 to meet 

the region’s needs (de Waal et al. 2023; Droogers et al. 

2012). Projections from IFPRI’s International Model for 
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Policy Analysis of Agricultural Commodities and Trade 

(IMPACT) show that blue water consumption will grow 

by 30 billion cubic meters by 2050, an increase of over 

10 percent over 2020 (Rosegrant et al. 2017).

Despite the expected increase in input use in rainfed pro-

duction systems, water and soil fertility will remain bind-

ing constraints for productivity growth in MENA until 2050 

(Le Mouël et al. 2016). Deeper transformations of food sys-

tems in CWANA will be needed to overcome environmen-

tal degradation, institutional inefficiencies, and growing 

demand (Agnivesh 2023; de Waal et al. 2023; Droogers et 

al. 2012; Lentz 2021).

Foresight studies suggest the following trends in con-

sumption, diets, and nutrition in most countries of the 

region (Dupouy and Gurinovic 2020; Frija 2021; Kruseman 

et al. 2021):

•	 Per capita wheat consumption is not expected to 

increase by 2050 (based on an analysis of future trends 

using historical data). However, expected growth in 

overall wheat demand in the region will be driven 

by population growth (Frija 2021). Part of the grain 

cereals consumption is expected to be replaced by 

energy-dense foods and livestock and fish proteins 

(Frija 2021).

•	 Legume consumption per capita is expected to 

increase in some countries (such as Tunisia and Turkey) 

by 2050, but will remain low in terms of relative impor-

tance in the overall diet.

•	 Central Asia is expected to face rising overweight and 

obesity, micronutrient deficiencies, and diet-related non-

communicable diseases (Dupouy and Gurinovic 2020).

Domestic food supplies in CWANA are insufficient to cover 

domestic consumption, and supply gaps are filled through 

substantial imports. Foresight studies show that this situ-

ation will persist in the coming few decades (by 2030 and 

2050) (Frija 2021; Kruseman et al. 2020, 2021). CWANA’s 

dependence on food imports is expected to grow from 

40 percent of domestic food consumption to around 

50 percent by 2050 (Le Mouël et al. 2016). Although diet 

composition is projected to see a decrease in the share 

of cereals in 2050, the share of oils and sugar is expected 

to grow, and the region is projected to remain highly 

dependent on imports for both food groups, according to 

IMPACT model projections (Figure 1).

Better decision-making to reduce risks related to impor-
tation from international markets is critical. This can help 

reduce risks related to dependence on food imports 

and world market price volatility. Risk reduction can be 

achieved by reducing yield volatility in major crops, but 

also by enhancing countries’ capacities for world food 

price prediction and anticipated purchase and storage 

decision systems and related infrastructure. By doing so, 

governments can reduce commodity price volatility and 

stabilize their budgets through better predictability of 

food imports (Belhaj and Soliman 2021).

Technology transfer for long-term growth of agricul-

tural productivity is also important. Technical prog-

ress and increased efficiency are the best option to 

reduce CWANA’s dependence on food imports by 2050. 

Enhanced technology transfer scenarios (leading to 

enhanced productivity) remain among the best identi-

fied alternatives to mitigate the shortage of domestic 

food supply (Le Mouël et al. 2016). Most extension sys-

tems in the region remain low-performing, lacking holis-

tic innovation systems consistent with agrifood system 

levels and frameworks. Ryan et al. (2012) suggest that 

despite achievements in applied research, poorly devel-

oped technology transfer systems and weak analytical 

facilities remain stumbling blocks to the widespread dis-

semination of accumulated knowledge to farmers. The 

scope of agricultural innovations not only covers agri-

cultural productivity growth but can lead to economic 

opportunities and growth, in turn increasing labor mar-

ket demand, social welfare, and investments. Technology 

transfer can also support enhanced governance settings 

for natural resource management, which is a must for the 

next decades.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Food system resilience is conceptualized from a holistic 

perspective, encompassing the complexity of the whole 

food system, including social, economic, and biophysical 

processes operating at many scales (Tendall et al. 2015). 

Consistent and holistic R&D approaches to inform future 

decisions on investments in innovation system functions 

are lacking, as they should be nested within the broader 

food system components and aggregates.
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A significant trend toward exploring more environ-

mentally friendly and socially inclusive agroecological 
approaches for sustainable transformation of agri-
food systems is currently evident in the literature and 

in some key policy arenas. However, data and foresight 

studies about the prospective costs and benefits of dif-

ferent transformation pathways in CWANA are still scarce. 

Improved estimates of future costs and benefits of alter-

native future transformation scenarios generated by fore-

sight studies would be of great value to policymakers in 

support of the sustainable transition of agrifood systems.

Development of novel viable financial models and 
schemes for supporting the governance and sustainabil-

ity of agrifood systems at all levels — while supporting 

productivity enhancement, agroecological transforma-

tion, and decentralized natural resources governance — 

is a key driver of transformation. Alternative sustainable 

and responsible funding mechanisms and approaches for 

agricultural modernization and sustainability in the region 

are needed. Foresight studies can explore the impact of 

different organizational settings and their impact on finan-

cial sustainability for food system transitions.

Figure 1  CWANA diet composition and net trade 

A Diet composition in 2020 and 2050

B Net trade between 2020 and 2050 (million metric tons)

Source: Rosegrant et al. 2024.

Note: Results for business-as-usual (BAU) scenario, IMPACT model version 3.4. This scenario assumes population and income trends from SSP2, a middle-of-the-road socio-

economic scenario. Climate change shocks are derived from Representative Concentration Pathway (RCP) 7.0 as projected under IPSL’s general circulation model.
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Social protection measures (safety nets and food aid 

programs) are being questioned and revised by govern-

ments in most CWANA countries. The lack of evidence 

and accurate assessments to support decision-making 

in this regard remains a key gap that can be addressed 

through strategic foresight studies. Social consider-

ations such as the “feminization of agricultural labor” 

and youth engagement are other important gaps in our 

understanding of the future of food systems that need to 

be investigated.
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Key messages
•	 Micronutrient availability in South Asia is projected to increase by 

46 percent by 2050, reflecting a significant transition from tradi-
tional cereal-based diets to diverse, nutrient-rich foods, though 
affordability limits access for low-income groups.

•	 The shift from traditional diets to processed foods has led to an 
increase in obesity and diet-related noncommunicable diseases. 
Rising demand for animal-source foods also puts pressure on local 
resources and increases reliance on imports.

•	 Agriculture in South Asia relies heavily on freshwater, primarily ground-
water, which is critically overused. Additionally, soil degradation and 
the burning of crop residues contribute to air pollution and pose risks 
to the sustainability and productivity of the region’s agricultural land.

•	 Climate change is expected to significantly affect crop yields, particu-
larly for staples such as rice, wheat, and maize, with projected reduc-
tions by 2050. This climate impact will exacerbate food insecurity in 
the region, especially as food demand continues to grow.

•	 Current foresight studies often overlook the impacts of unexpected 
external shocks, such as pandemics and the Russia-Ukraine war, on 
agriculture and food systems. Addressing these research gaps and 
focusing on context-specific technological solutions, climate-smart 
practices, and self-sufficiency could enhance resilience and sustain-
ability across South Asia’s agrifood sector.

CHAP TER 20

115

https://hdl.handle.net/10568/175019
https://hdl.handle.net/10568/175019


RECENT TRENDS AND 
CHALLENGES
South Asia is the most densely populated region in the 

world, with a current population of 1.8 billion (one-fourth 

of the global population), which is projected to increase to 

more than 2 billion by 2050. This rapid population growth 

will put significant pressure on agriculture and food sys-

tems. Despite being an agricultural powerhouse, South 

Asia has high levels of food insecurity, with many people 

suffering from malnutrition and hunger. It is also among the 

regions most vulnerable to climate change and relies heav-

ily on intensive farming practices, leading to several inade-

quacies in agriculture and food systems that bear directly 

on food production and security. Further, the highest con-

centration of agrifood system workers are in South Asia, 

with 793 million people. South Asia is also home to more 

than 600 million young people (ages 15–35), who make up 

around one-half of all agrifood system workers.

Socioeconomic and 
demographic context

High poverty and malnutrition rates. Despite contrib-

uting significantly to global food production, South Asia 

faces intense food insecurity and poverty challenges. 

Widespread malnutrition, particularly among youth and 

marginalized groups, restricts access to affordable, nutri-

tious food and exacerbates the struggle against hunger 

and poverty (FAO 2019; World Bank 2021).

Systemic socioeconomic inequalities. Social, economic, 

and geographic disparities hinder access to nutritious 

foods and agricultural resources. These inequalities dis-

proportionately affect marginalized communities, con-

tributing to persistent poverty and malnutrition, and 

creating lasting barriers from production to consumption 

in the region (Gillespie, Van Den Bold, and Hodge 2019; 

Rehman et al. 2024).

Labor shortages and youth migration. Rural out-migra-

tion, particularly among youth seeking better opportuni-

ties in urban areas, has resulted in farm labor shortages 

(Nandi et al. 2022). This trend increases production costs, 

complicates efforts to maintain agricultural output levels, 

and threatens the continuity of agricultural knowledge 

and practices across generations (Ronto, Wu, and Singh 

2018; Singh et al. 2023).

Policy and market limitations. Many farmers face weak 

market access, inadequate extension services, limited irri-

gation facilities, and nonoptimal enabling policy support. 

These factors contribute to a significant portion of ara-

ble land being left fallow after harvests (Tran et al. 2023; 

Rehman et al. 2024).

Environmental pressures 
and resource depletion

Water scarcity and overuse. Agriculture accounts for 

more than 90 percent of freshwater withdrawal in South 

Asia, creating severe water stress. The dependence on 

groundwater for irrigation — especially for water-intensive 

crops such as rice, wheat, and sugarcane — poses a sig-

nificant risk to the long-term viability of farming systems 

in South Asia, which is aggravated by the region’s low 

groundwater recharge rates (FAO 2021; OECD 2017).

Increasing land degradation and fallowing: A sub-

stantial portion of agricultural land in the region faces 

human-induced degradation driven by dwindling fresh-

water resources and declining soil health, leading to 

nearly 22 million hectares lying fallow after the main mon-

soon season.

Agriculture-related air pollution. The prevalence of crop 

residue burning and excessive use of nitrogenous fertil-

izers in South Asia contributes to increased air pollution, 

which negatively impacts agrifood systems by diminishing 

crop yields and nutritional quality, degrading soil health, 

and jeopardizing food security and the economic viability 

of farming (Lin and Begho 2022).

Policy challenges. Inadequate water governance in 

South Asia fails to balance agricultural demands, lead-

ing to drying shallow wells and unsustainable water use 

(Chakraborty and Bhaduri 2023).

Changing dietary patterns 
and health implications

Nutrition transition. South Asia is experiencing a shift from 

traditional cereal-based diets to highly processed foods 

rich in sugars, fats, and salts. This transition has led to a rise 

in obesity and lifestyle- and diet-related noncommunicable 

diseases, presenting new and enormous public health chal-

lenges (Bishwajit 2015; Baker et al. 2020; Pingali 2007).
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Rising consumption of animal-source foods. The 

growth in consumption of animal-source foods is likely 

to increase demand for animal feed and reliance on food 

imports for humans despite the region’s considerable 

pastureland resources (FAO 2024; Sarker, Rahman, and 

Khan 2021).

Economic barriers to nutritious diets. Nutrient-dense 

foods remain unaffordable for many households in the 

region. Significant seasonal fluctuations and spatial vari-

ations in the costs of perishable foods affect rural and 

low-income populations in particular (Dizon, Mulmi, and 

Wang 2021).

LATEST FORESIGHT 
RESEARCH
Nutrition and dietary shifts are increasingly recognized 

in foresight studies of the South Asia region as criti-

cal factors for shaping sustainable food systems, with 

direct implications for both human health and environ-

mental resilience. Nutrient availability is expected to 

increase across South Asia by an average of 46 percent 

from 2020 to 2050, according to Rosegrant and col-

leagues (2024), with per capita kilocalorie demand shift-

ing significantly (Figure 1). The International Food Policy 

Research Institute’s (IFPRI) IMPACT (International Model 

for Policy Analysis of Agricultural Commodities and Trade) 

model simulations indicate notable changes in produc-

tion, yields, and harvested area for major commodity 

1	 Modular Applied General Equilibrium Tool (MAGNET) (Woltjer et al. 2014).

2	 The Global Biosphere Management Model (GLOBIOM) (Havlík et al. 2014).

groups in the region over this period. Specifically, pro-

duction is expected to rise substantially for animal prod-

ucts (81.3 percent), cereals (48.8 percent), and fruits and 

vegetables (114.8 percent). Crop yields are projected 

to experience the highest growth in fruits and vegeta-

bles (65.4 percent), followed by pulses (46.7 percent) and 

cereals (38.3 percent). However, harvested area projec-

tions show a decline in pulses (−16.9 percent), while cere-

als are anticipated to increase (+7.6 percent). Additionally, 

the area for oils and sugars is projected to rise by 

13.8 percent, and the harvested area for fruits and vegeta-

bles is projected to grow by 29.9 percent. The model proj-

ects a diversification away from cereals, reducing their 

contribution to total kilocalories from 58.7 percent in 2020 

to 52.1 percent by 2050.

Meanwhile, projections from MAGNET1 and GLOBIOM2 

show a gradual decrease between 2010 and 2050 in the 

share of energy from cereals as rising incomes facilitate 

dietary diversification, with a slight increase in calories 

from fruits and vegetables as other nutritious food prod-

ucts are consumed (van Meijl et al. 2020).

Climate-induced food insecurity will have far-reaching 

consequences for South Asian countries’ social, eco-

nomic, and political stability. The region is expected to 

experience the highest increase in food demand by 2050. 

The negative impact of climate change by 2050 could be 

as high as US$1.01 trillion for the next 40 years, with con-

sumers bearing most of the costs due to increased food 

prices. However, farmers stand to gain US$52 billion due 

to higher prices for their produce, which would more than 

Figure 1  South Asia’s projected per capita calorie demand (kcal/person/day)

Source: IMPACT V3.6 model simulations.
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compensate for the general decline in production. Food 

will become less accessible with increasing prices, espe-

cially for people experiencing acute poverty, reducing 

the average per capita consumption of all food crops by 

1.7 percent in 2030 and by 3.2 percent in 2050 (Deb Pal 

and Tyagi 2022).

South Asia’s food production faces climate-driven shifts 

in crop suitability, with particular impacts on key sta-

ples such as rice, wheat, and maize. Climate modeling 

anticipates increased wheat production in high-latitude 

regions, while warmer areas in South Asia may experience 

reduced suitability for certain crops. Rice and maize are 

projected to experience reductions in unsuitable areas by 

2050, allowing for improved yields if adaptive strategies 

are implemented (Ali et al. 2024). However, IFPRI proj-

ects substantial yield reductions for key crops in South 

Asia due to climate stress — wheat (−50 percent), rice 

(−17 percent), and maize (−6 percent) — by 2050 relative 

to 2000 levels, because of which South Asia will have the 

most significant number of food-insecure people by 2050 

(World Bank 2021).

Integrated assessments estimate significant cereal pro-

duction declines by 2050 across South Asia: Bangladesh 

(−31.5 percent), Pakistan (−24.2 percent), Sri Lanka 

(−25.7 percent), and India (−6.4 percent) (Alvi et al. 2021). 

Spatially aggregated yields of all crops show a lower 

growth rate from 2010 to 2030 for the climate change sce-

nario (+41 percent) compared to the no climate change 

scenario (+48 percent) based on the IMPACT model anal-

ysis. Cereal yields are expected to grow more slowly due 

to climate impacts, with cash crops including vegetables, 

cotton, and wheat projected to perform better (Hinz et 

al. 2020).

Food demand dynamics reshaped by urbanization 

trends are likely to drive demand for livestock prod-

ucts and diversify dietary intake away from cereals, shift-

ing toward protein-rich foods, dairy, and fish (Zhang et 

al. 2022). Demand for livestock products will increase 

by nearly 100 percent between 2010 and 2050, offering 

nutritional gains and posing environmental challenges 

(Enahoro et al. 2019; Prager and Wiebe 2021). The global 

per capita food consumption average is projected at 

3,000 kcal/day by 2050, with South Asia’s average signifi-

cantly increasing from 2005 (Le Mouël and Forslund 2017). 

3	 Sustainable Alternative Futures for India (SAFARI) (Ashok et al. 2021).

By 2050, an estimated 72 percent of maize in South Asia 

will be explicitly allocated for livestock feed, a consider-

able increase from 34 percent in 2010, reflecting the grow-

ing importance of livestock in regional diets (Kruseman et 

al. 2020), as well as the fact that efficient feed is the opti-

mal solution to the reduction of greenhouse gas emissions 

in livestock production systems, especially for cattle.

Rapid urbanization alters food consumption habits, with a 

growing urban population demanding higher-quality and 

safer food options. By 2050, a significant portion of South 

Asia’s population is projected to reside in urban areas, 

leading to increased reliance on modern retail and pro-

cessed foods (Vorley and Lançon 2016).

An alternative pathway developed to sustainably meet 

the food grain demand of 310 metric tons (MT) in India 

through specific interventions using a regional model 

(SAFARI3) projects that by 2050, strategies such as shift-

ing to precision irrigation, reducing groundwater depen-

dence, limiting sugarcane acreage, and replacing one-half 

of rice cultivation with high-yield coarse cereals would 

help achieve food production sufficiency within the lim-

itations imposed by the availability of natural resources 

(Ashok et al. 2021).

Despite South Asia being a global hotspot for nitrogen 

pollution, a concerning projection by Chang and col-

leagues (2021) suggests that limiting regional nitrogen 

surplus below a critical boundary without any manage-

ment strategies could result in a 13 percent reduction 

in crop and livestock production by 2050. This scenario 

raises serious concerns regarding dietary energy and pro-

tein availability, with up to 495 million people in South 

Asia potentially at risk of hunger by 2050 due to insuffi-

cient nutrient availability.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Foresight studies in South Asia’s agrifood systems fre-

quently focus on broad global challenges such as cli-

mate change, food security, and economic trends. 
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However, they often neglect the implications of exter-

nal shocks such as the Russia-Ukraine war and health-

related shocks, including those experienced during the 

COVID-19 pandemic. These health crises expose sig-

nificant vulnerabilities within agriculture, labor dynam-

ics, and supply chains, emphasizing the necessity 

for foresight research that anticipates these impacts 

more effectively.

Additionally, while sustainable transitions in agriculture 

are vital, comprehensive multidimensional synergies and 

trade-off analyses regarding proposed changes are nota-

bly lacking. Such analyses are essential for understanding 

the broader implications of these transitions for farmers’ 

economic viability and the social fabric of farming com-

munities. Furthermore, documented evidence on effec-

tive climate-smart options that can be scaled across the 

region is scarce, limiting the potential for leveraging best 

practices in the agriculture sector.

Given South Asia’s diverse agricultural and economic con-

texts, a country-specific focus within foresight research 

on emerging technologies and innovations is imperative. 

Conducting detailed assessments of technology feasibil-

ity and implementation timelines, along with context-spe-

cific solutions, would allow individual countries to adopt 

the advancements most suitable for their unique condi-

tions. The region’s significant dependence on imports fur-

ther exposes it to risks associated with global supply chain 

disruptions, as demonstrated during the recent COVID-

19 pandemic. To mitigate this vulnerability, foresight 

research should prioritize evaluating strategies aimed at 

reducing import reliance and enhancing self-sufficiency, 

especially in pulses and oilseeds, thereby increasing resil-

ience against external shocks.

Limited high-quality data on consumption, productivity, 

and climate impacts hinder evidence-based policy deci-

sions. The informal economy is vital for food security and 

employment but is often neglected in foresight studies. 

Insights into consumer behavior, especially preferences 

around health and sustainability, remain insufficient, 

impacting production and supply chains. Finally, invest-

ing in alternative agricultural value chains should be a key 

focus of foresight research to maximize developmental 

outcomes across South Asia. By addressing these critical 

gaps, future research can contribute to a more resilient 

and sustainable agrifood system in the region.
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Key messages
•	 The food systems of Southeast Asia (SEA) are projected to be under 

increasing pressure due to multiple drivers, including population 
growth, urbanization, biodiversity loss, and the uncertainties stem-
ming from climate change.

•	 Rice and fish will remain staple foods and the backbone of diets in 
the region’s rural and urban areas. In 2019, SEA produced 72 percent 
of the world’s aquatic food products and 25 percent of the world’s 
rice. Rice accounts for 50 percent of calorie intake for its population, 
while fish contributes more than 50 percent of per capita average ani-
mal protein intake. These shares are expected to rise over the next 
several decades due to population growth.

•	 Production and consumption of staple foods are expected to fall due 
to the impacts of climate change, potentially jeopardizing food and 
nutrition security in the region and beyond. The projected magni-
tude of climate change impacts on rice production varies greatly, 
depending on the models used.

•	 Previous regional foresight studies have explored the implications 
of climate change on food production in SEA, but other driving 
forces and outcomes of food systems transformation have received 
less attention.
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RECENT TRENDS AND 
CHALLENGES
Rice and fish systems are key to food and nutrition secu-

rity in Southeast Asia (SEA). These systems are subject 

to increasing pressure due to multiple drivers. Rapid 

urbanization with high population growth and economic 

development are projected to increase demand for nutri-

ent-enriched cereals and animal-source foods (livestock 

and fish). Global climate change, land and environmen-

tal change, technological innovations, changes in dietary 

patterns, and accelerated urbanization will trigger food 

systems transformation in SEA. The region will remain 

important in global rice and aquatic food markets. As 

global annual per capita consumption of aquatic foods 

increased from 1961 to 2019, the SEA region’s per cap-

ita consumption also grew, accounting for 72 percent of 

the total aquatic foods available for human consumption 

(FAO 2022). Within SEA, per capita consumption of rice 

decreased in Thailand from the late 1980s through 2020, 

while it increased in Bangladesh, the Philippines, and 

Viet Nam (Bin Rahman and Zhang 2023), and is projected 

to decrease further by 2030 (OECD-FAO 2021). Future 

growth in rice demand in the region will be mainly due to 

population growth (Pede et al. 2024).

Yield stagnation and limited land and farming expansion 

pose key challenges to the region’s remaining a major 

global rice and fish supplier in the context of increas-

ing global and regional demand in the future. One issue 

for major cereals in the region meeting the increased 

demand brought by urbanization and change in dietary 

patterns. Moreover, these crops are also drivers of green-

house gas (GHG) emissions and natural resource deg-

radation. Aquaculture growth in the region continues 

to increase to meet the demand for animal protein, but 

is accompanied by land competition with agriculture, 

feed competition with livestock, and the problem of 

using edible fish to feed farmed fish (Zurek, Hebinck, and 

Selomane 2020).

LATEST FORESIGHT 
RESEARCH
As food and nutrition security is a major problem in 

the region, several foresight studies draw pathways to 

increase the supply of affordable and healthy foods and 

to ensure consumers’ access to them. Current trends sug-

gest that while diets will improve in terms of calories and 

some micronutrients, the intake of foods that contribute 

to high-quality diets only in small quantities will tip over 

into excessive consumption (Haddad et al. 2016). Woodhill 

et al. (2022) project that by 2025 11 percent of the popu-

lation will live in moderate poverty in East and Southeast 

Asia, with agriculture in the latter region employing 

56 percent of the impoverished population.

Haddad et al. (2016) projected that SEA would be the 

third-fastest-growing region in Asia in terms of real per 

capita gross domestic product by 2030. Sales of ultra-pro-

cessed foods in East and Southeast Asia are expected to 

approach those of high-income countries by 2035. A key 

difficulty for the Philippines will be to bring red meat con-

sumption more in line with recommended levels by 2050. 

Nearly two-thirds of the South and Southeast Asian pop-

ulation will be overweight or obese by 2030. Findings 

from Yuan et al. (2022) showed the sizable exploitable 

yield gaps in the SEA region, particularly in Cambodia, 

Myanmar, the Philippines, and Thailand. Their study pro-

vides insights for increasing regional production on exist-

ing cropland by narrowing existing yield gaps. In the 

SEA region’s deltas, sea level rise is becoming more pro-

nounced and is likely to worsen over time, leading to salt-

water intrusion and flooding (Schneider and Asch 2020). 

This will continue to be the major climate hazard affecting 

the land used for rice cultivation in the region.

Based on a reference scenario with international agricul-

tural research and development continuing along cur-

rent trajectories, Kruseman et al. (2020) projected that 

both production and consumption of the major staples 

in Asia — such as rice, maize, and wheat — will increase 

between 2010 and 2050. The major cereals retain a dom-

inant role in both the supply and demand sides of the 

agrifood system. Therefore, investing in agricultural pro-

ductivity in Asia is imperative to increase cereal produc-

tion, with rural transformation important to tackling the 

increasing demand brought by urbanization and dietary 

change. In terms of projected calorie consumption 

growth in the region, the share of cereals in calorie intake 

will decline as diets become richer in animal products and 

high-value products between 2020 and 2050.

Regarding the linkage between food systems, the envi-

ronment, and climate change, Zurek, Hebinck, and 

Selomane (2020) projected that agricultural GHG emis-

sions (particularly from rice production, livestock 
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production, and fertilizer use) would increase by at least 

28 percent between 2010 and 2050, suggesting that 

GHG emissions could be reduced through the develop-

ment of improved technologies or strategies. Cenacchi 

et al. (2021) also projected that climate impacts will affect 

most of the cereal crops in SEA, decreasing income and 

total calorie availability and increasing the population 

at risk of hunger (relative to a no-climate-change sce-

nario). They indicated that enhanced investments in pub-

lic international agricultural research and development 

could offset the region’s climate impacts on food security. 

Mason-D’Croz et al. (2016) analyzed agricultural invest-

ment, enforcement capacity and regional collaboration, 

land degradation, and market scenarios in Cambodia, 

Laos, and Viet Nam. The authors projected an increase in 

rice yield of 10-20 percent by 2030 using the International 

Model for the Policy Analysis of Agricultural Commodities 

and Trade (IMPACT) and GLOBIOM models. Using calorie 

availability as a metric, the authors showed modest future 

food security improvements.

In the ASEAN (Association of Southeast Asian Nations) 

region, fish production and consumption are projected 

to continue growing until 2050. A scenario that is favor-

able to aquaculture sector development will contribute 

to increasing fish supply and demand and fish exports 

and reducing consumer prices compared to business-as-

usual (BAU) (Chan et al. 2017; Tran et al. 2017). However, 

alternative scenarios such as disease outbreaks in aqua-

culture and climate change result in declining fish sup-

ply, demand, exports, and nutrient supply from fish in 

Bangladesh (Tran et al. 2022b). Climate change represents 

a potentially significant threat to sustainable fishery pro-

duction in Viet Nam (Tran et al. 2022a). Using the IRRI 

Global Rice Model (IRGM), Pede et al. (2024) projected 

that Asia will remain the world’s major source of rice pro-

duction until 2050, with SEA contributing 27 percent of 

the region’s rice output. The increase in fertilizer prices 

due to the Russia-Ukraine war also posed a challenge to 

rice production, given the projected decrease of 0.4-1.4 

metric tons per hectare in Asian rice yields due fertil-

izer price increases (Mishra et al. 2024). Balié and Valera 

(2020), also using the IGRM, simulated the potential 

impacts of the removal of quantitative restrictions on rice 

imports in 2019 and the imposition of a 35 percent import 

tariff in the Philippines. They projected that the reform 

would lead to a sharp increase in imports, while domestic 

production would decline. Perez and Pradesha (2019) con-

ducted a similar simulation using IMPACT and estimated 

that removing quantitative restrictions would substantially 

lower farm and retail rice prices. Policymakers would need 

to consider using the revenue from the tariff to support 

rice growers either to increase their competitiveness and 

modernize their rice production or to shift to other crops.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Although a few studies have looked at the future of spe-

cific commodities under various scenarios in the SEA 

region, particularly rice and fish, we are not aware of anal-

yses that examine the implications for other outcome 

areas, such as gender equity, employment, aquaculture 

investment cost, GHG emissions, nutrition and poverty, 

and environmental sustainability, associated with differ-

ent future projected trends. Future research is needed 

to explore the impact of major drivers, such as policy 

change, food system regulations, urbanization, technol-

ogy innovations, and dietary change issues on food sys-

tems activities and outcomes in the region. Change in 

dietary patterns toward more sustainable, healthy, and 

balanced diets could be a major driver of change toward 

more climate-friendly food systems, but more work is 

needed to understand how diets will evolve and how pol-

icies can encourage desired outcomes. Also needed is 

future foresight work to highlight interactions, trade-offs, 

and synergies among multiple development outcomes, 

such as economic development, green growth and GHG 

emissions reduction, poverty alleviation, and environmen-

tal protection. Resolving some of the uncertainties around 

food system transformation outcomes through future 

foresight work can help inform how and when to bundle 

various interventions. Foresight studies can highlight the 

need for more holistic national policies and investments in 

agrifood systems to mitigate the effects of climate change 

with the achievement of climate-smart food systems and 

the Sustainable Development Goals.
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What do we know about  
THE FUTURE OF AGRIFOOD 
SYSTEMS IN LATIN AMERICA 
AND THE CARIBBEAN?
Valeria Piñeiro (IFPRI), Guy Hareau (CIP), and Robert Andrade (CIAT)

Key messages
•	 Heterogeneity and inequality: Latin America and the Caribbean’s 

(LAC) agrifood systems are marked by significant disparities across 
the region and within countries in production, trade, and access 
to food, with inequality a central challenge. These disparities not 
only undermine food security but also hinder the region’s ability to 
develop sustainable and resilient food systems.

•	 Sustainability and climate resilience: The future of LAC’s agrifood 
systems will be shaped by the region’s ability to balance agricultural 
growth with environmental sustainability and the conservation of the 
stock of natural resources in the long run.

•	 Role of policies: Closing the gap between the rich and poor, 
between large and small producers, and between urban and rural 
populations requires targeted action, including investing in rural 
infrastructure, facilitating access to appropriate technologies, and 
encouraging regional cooperation.

•	 Specialization and governance: The region’s continued special-
ization in agricultural exports presents both opportunities and chal-
lenges. Strengthening food security governance frameworks and 
promoting inclusive policies will be essential to ensure that the ben-
efits of agricultural growth are shared more equitably and that agri-
food systems are resilient in the face of climate change and other 
global challenges.
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•	 Foresight research can help address these challenges, focusing 
on the consequences of structural transformation, the trade-offs 
between agricultural productivity and sustainable management of 

LAC natural resources, the long-term effects of climate change, and 
how disruptors and drivers of agrifood systems transformation can 
affect the different LAC regions and countries.

RECENT TRENDS AND 
CHALLENGES
The Latin America and the Caribbean region (LAC) is 

highly heterogeneous, marked by stark contrasts in 

agricultural production, food security, trade, and nat-

ural resource distribution. This diversity, both in terms 

of geography and socioeconomic contexts, presents a 

range of challenges and opportunities for the region’s 

agrifood systems. To effectively address these, it is cru-

cial to understand the regional trends shaping agriculture 

and food security and consider the ways in which they 

affect efforts to promote equitable and sustainable agri-

food systems transformation.

The LAC region is a major global player in agricultural 

production and trade. Several countries, including Brazil 

and Argentina, are among the world’s largest produc-

ers and exporters of commodities such as soybeans, cof-

fee, sugar, and beef (Figure 1) (see also Chapter 23). LAC 

accounts for a larger share of global agricultural pro-

duction than the European Union or the United States 

plus Canada. Large amounts of cropland, relatively low 

domestic consumption, and favorable policies have made 

LAC the world’s largest net food exporter, so the region 

plays a critical role during global food crises.

The region boasts a wealth of natural resources, includ-

ing vast arable lands, forests, and savannahs; freshwater 

reserves; and biodiversity hotspots, which collectively 

position it as a key contributor to shaping global weather 

patterns, mitigating climate change, and improving 

global food security.

However, this apparent abundance coexists with signifi-

cant food insecurity, particularly in poorer and more vul-

nerable populations. For instance, countries such as Haiti 

and Venezuela experience some of the highest levels of 

food insecurity in the region, with widespread malnutri-

tion and limited access to sufficient, safe, and nutritious 

food. In the Andean highlands, highly productive valleys 

coexist with poverty pockets where people barely meet 

their daily needs. At the same time, LAC countries face 

rising rates of obesity and diet-related noncommunica-

ble diseases, particularly in urban populations, creat-

ing a paradox of undernutrition and overnutrition within 

the same populations. This dual burden reflects the 

deep-rooted inequalities that characterize the region, 

where access to resources, technology, and markets is 

unevenly distributed.

Trade is another critical factor shaping LAC’s food sys-

tems. The region is highly integrated into global markets, 

with significant portions of its agricultural output des-

tined for export. To enhance resilience, it is essential for 

LAC to diversify both its sources of production and the 

destinations for its products. Relying too heavily on a few 

key markets or commodities leaves the region vulnera-

ble to external shocks, such as fluctuating global com-

modity prices, trade policy shifts, and global disruptions 

including political instability, conflicts, and the COVID-19 

pandemic. The pandemic, in particular, exposed ineffi-

ciencies in food supply chains and underscored the need 

for diversified, resilient, and equitable agrifood systems 

capable of weathering future disruptions. By broaden-

ing its trade relationships and promoting regional mar-

kets, LAC can reduce risks and foster more sustainable 

food systems.

LAC’s rich biodiversity, ecological diversity, and water 

reserves are vital to its agricultural systems. The Amazon 

rainforest, for example, is not only a crucial carbon sink 

but also supports a wide variety of ecosystem services 

that are essential for sustainable agriculture. Yet envi-

ronmental degradation, deforestation, and unsustain-

able farming practices are increasingly threatening 

these natural resources, leading to concerns about the 

long-term sustainability of the region’s food produc-

tion systems.
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LATEST FORESIGHT 
RESEARCH
One of the most recent comprehensive studies on the 

future of food systems in LAC (Morris et al. 2020) exam-

ines the complex trade-offs between growing the econ-

omy, reducing poverty, feeding the population, and 

preserving vital ecosystems. Managing these trade-offs 

will be essential to avoid extremely high costs to the 

region and the world. While LAC’s population is projected 

to grow modestly — from around 660 million in 2024 to 

around 730 million by 2050 — demand for food, particu-

larly animal-source food, is expected to rise significantly 

due to changing diet patterns and demand from inter-

national markets. The authors recognize four distinct 

groups of countries based on size, location, ecological 

and climatic characteristics, and agricultural economies: 

(1) Mexico and Central America, (2) the Caribbean States, 

(3) the Andean Zone, and (4) the Southern Cone (includ-

ing Brazil). This heterogeneity is also evident in the dif-

ferent types of food systems (traditional, transitional, and 

integrated) that are present in all countries with varying 

relative importance. They identify nine drivers of agricul-

ture and food systems transformation (population growth, 

urbanization, migration, income growth, changing tastes 

and dietary preferences, productivity growth, emerging 

technologies, climate change, and policies) and create 

five scenarios, with different drivers influencing each of 

them: The Age of Exodus; Healthy Diets Rule; Fragmented 

World; LAC Agro-Export Powerhouse; and Agri-food 4.0. 

In light of recent developments, one of the drivers missing 

from this report is the political instability in several LAC 

countries, which indirectly influences agricultural policies 

(Figure 2).

Four insights are drawn from these scenarios: (1) the 

importance of both supply and demand-side factors; (2) 

the degree of openness of the global trading system; (3) 

technology as a double-edged sword that could leave mil-

lions behind if some population groups are unable to gain 

access to it; and (4) the unpredictable effects of climate 

change. The study proposed a set of 20 actions, some 

imperative and others more strategic, to address the chal-

lenges posed by these scenarios.

Modeling projections from Rosegrant et al. (2024) show that 

by 2050 total production of selected groups of commodi-

ties are expected to grow in LAC between 40 percent (roots 

and tubers, animal products, and fruits and vegetables) 

Figure 1  LAC’s share of global production, selected commodities, 2012 and 2022

Source: Authors’ elaboration based on FAOSTAT. https://www.fao.org/statistics/en
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and 83 percent (cereals), the world’s highest increase. 

Yields grow between 19.9 percent (fruits and vegeta-

bles) and 39.7 percent (pulses), while area grows between 

14.4 percent (roots and tubers) and 38.3 percent (cereals). 

The combination of area and yield growth increases LAC’s 

share in global cereal production by 2050, although this 

includes production of maize as animal feed and for indus-

trial purposes (Kruseman et al. 2020). A major outcome pro-

jected by this modeling scenario is that LAC also reduces 

the number of hungry people by 2050, although it does 

not reach the 5 percent target of Sustainable Development 

Goal (SDG) 2.1 until 2040. Challenges to achieving SDG 

goals in LAC relate to food affordability rather than avail-

ability, reflecting a combination of issues such as income 

distribution, inflation, widespread rural poverty, and macro-

economic instability in many countries (OECD 2024).

Patrouilleau, Taraborrelli, and Alonso (2022) focus on pol-

icies governing future food systems for different LAC 

countries, highlighting that different models of agricul-

tural development and inequality in natural resources 

distribution have led to the deterioration of the food 

security situation for some rural groups, and note that the 

future of trade agreements in the region is diverse and 

uncertain. To provide a more adequate analytic frame-

work given the region’s heterogeneity, the authors pro-

pose that future food systems studies move from the 

regional to a subregional or country scale. Similar con-

clusions are drawn by Schneider et al. (2025), who pro-

pose a system to track governance of food systems at 

a regional or subregional scale. Rivera (2023), analyz-

ing policies that affect the transformation of food sys-

tems in LAC, proposes that country studies integrate 

Figure 2  Changes in exports under three trade war scenarios, LAC countries

Source: Morris et al. (2020), based on IFPRI MIRAGRODEP CGE simulations (for background information, see Piñeiro et al. 2020).
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joint analysis with other policies such as social protection. 

The Inter-American Development Bank also found diver-

gence between LAC countries in terms of trends in agri-

cultural policies such as producer and consumer price 

support and carbon-neutral emissions, although it does 

not provide foresight analysis for these policies (Conroy 

et al. 2023).

While domestic policies to increase export-oriented food 

production continue in the short and even medium term, 

helping governments address for example, food security 

and poverty, trade-offs between food production and the 

environment (including keeping the biodiversity stock) are 

among the most pressing challenges the region faces to 

realize its comparative advantage in world food markets 

and to sustain its dominant position in global food mar-

kets in the long term.

One of the most pressing challenges facing LAC’s agri-

food systems is the persistent inequality that defines 

the region. Inequality in access to resources, opportuni-

ties, and outcomes continues to widen the gap between 

the rich and the poor, between smallholder farmers and 

large-scale agribusinesses, and between rural and urban 

populations. This inequality is mirrored in the region’s 

agrifood systems, where the benefits of agricultural 

growth are not evenly distributed, leaving many vulnera-

ble populations behind.

Closing this gap will require targeted and comprehensive 

action on multiple fronts. First, there is a need to address 

structural inequalities that limit access to land, credit, 

technology, and markets for smallholder farmers and mar-

ginalized communities. These groups are often excluded 

from the benefits of modern agricultural advancements 

and remain trapped in low-productivity, subsistence farm-

ing. Empowering these farmers through inclusive policies, 

investments in rural infrastructure, and access to financial 

services can help unlock their potential and drive more 

equitable growth.

Second, enhancing regional integration and coopera-

tion is critical to overcoming the fragmentation that char-

acterizes LAC’s food systems. Although countries in the 

region share similar challenges — such as climate change, 

market volatility, and social inequality — their responses 

to these issues are often disconnected. Greater coor-

dination among governments, regional organizations, 

and international partners is needed to harmonize pol-

icies, share best practices, and foster collaboration on 

shared priorities, such as climate resilience and sustain-

able development.

Third, innovation and technological advancement 

hold the key to transforming the region’s agrifood sys-

tems. Precision agriculture, digital platforms, and cli-

mate-smart technologies have the potential to boost 

productivity, reduce environmental footprints, and 

improve farmers’ livelihoods. However, these innova-

tions must be accessible to all, not just to the wealthiest 

and most technologically advanced players. Public and 

private sector investments in R&D, along with capaci-

ty-building programs for smallholder farmers, are essen-

tial to ensuring that these technologies benefit the 

entire region.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Looking ahead, the future of agriculture and food sys-

tems in LAC is shaped by several key trends, including the 

increasing specialization of agricultural production, evolv-

ing governance structures, structural transformation due 

to domestic migration, and the growing importance of 

sustainability in food systems.

While specialization, driven by comparative advantage 

and global market demands, will continue to dominate 

the region’s agricultural landscape, there is growing need 

for diversification. Countries such as Argentina, Brazil, and 

Mexico will likely continue to be major exporters of food 

commodities, while smaller countries may develop niche 

markets for high-value crops (such as Peru for fruits and 

vegetables). However, all countries may seek to broaden 

their production base to enhance resilience, reduce 

dependency on specific markets, and create more inclu-

sive opportunities for smallholder farmers within global 

value chains.

Governance will play a critical role in shaping the future 

of LAC’s agrifood systems. As the region faces grow-

ing pressures from climate change, population growth, 

and environmental degradation, governments will need 

to strengthen their regulatory frameworks and policies 

to promote sustainable agriculture and food security. 

This will require a shift from short-term, market-driven 
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solutions to long-term, inclusive strategies that priori-

tize social equity, environmental protection, and eco-

nomic resilience.

Structural transformation is rapidly reshaping the rural 

landscapes in LAC. Rural–urban migration and the reduc-

tion in the average size of rural families are leaving com-

munities in certain areas as ghost towns, where farmers 

only show up to help with their crops during the peak 

demand for labor. At the same time, this demographic 

change drives technological change that is not yet 

fully understood.

Four relevant research questions are proposed for future 

foresight research in LAC food systems transformation:

1.	 What consequences will the ongoing structural trans-

formation in LAC (including rural–urban migration) 

have for food systems (both export and domestic mar-

ket-oriented)? And how do other policies, such as 

social protection and agricultural programs, influence 

these trajectories?

2.	 What strategies can be implemented to enhance agri-

cultural productivity in LAC while ensuring the sus-

tainable management of natural resources such as 

land, water, biodiversity, and carbon stocks? And what 

are the potential benefits to other regions of the rich 

genetic diversity in the LAC region?

3.	 How will climate change affect long-term agricultural 

production in LAC?

4.	 How will current and future trends and disruptors of 

major drivers of the agrifood system affect the dif-

ferent LAC regions (Mexico and Central America, 

the Caribbean States, the Andean Region, and the 

Southern Cone)?

The future of LAC’s food systems hinges on the region’s 

capacity to address its deep-seated inequalities and nav-

igate the growing challenges of climate change and the 

vulnerability of the region to shocks. Without targeted 

interventions, persistent disparities in access to resources, 

technology, and markets will continue to fuel cycles of 

poverty, food insecurity, and environmental degradation. 

However, with coordinated efforts from governments, 

the private sector, and civil society, LAC can transform its 

agrifood systems into more inclusive, resilient, and sus-

tainable models. By embracing innovation, climate-smart 

agriculture, and sustainable resource management, the 

region can both enhance its contribution to global food 

security and also position itself as a leader in building cli-

mate-resilient food systems capable of thriving in the face 

of future challenges.
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Key messages
•	 Argentina, Brazil, Paraguay, and Uruguay (ABPU) have significant 

weight in the global agricultural market. In 2020–2022, the bloc 
accounted for 53.1 percent of Latin America and the Caribbean’s total 
agricultural exports, and 9.3 percent of the world total. This contribution 
is key in many products at the global level too, such as soybean prod-
ucts (for which the group accounts for 56 percent of world trade), corn 
(32 percent), bovine meat (26 percent), poultry meat (20 percent), pork 
meat (6 percent), and wheat (6 percent) (2020–2022 Comtrade data).

•	 These commodities are essential for global food security, particularly 
in regions with growing populations and increasing food demand, 
notably Asia and Africa. Ensuring the sustainability of ABPU produc-
tion is paramount not only for food security but also for environmen-
tal concerns.

•	 ABPU projections show robust growth in cereal and oilseed produc-
tion, which is expected to increase by 26 percent (118 million tons) by 
2033/34 relative to 2023/24. Total exports of cereals and oilseeds are 
projected to rise by 74 million tons, reaching 355 million tons, driven 
largely by corn, soybeans, and wheat.

•	 Despite slowing growth in global demand and trade of food products, 
opportunities exist for ABPU countries to increase their food produc-
tion and exports. Making the most of these opportunities will require 
increasing yields to maintain production growth while ensuring sustain-
ability. To this end, technological advancements such as minimal soil 
disturbance, permanent cover cropping, crop diversification, intensive 
fattening, biotechnology, biological inputs, and precision agriculture 
can help increase productivity while minimizing environmental impact.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? •	 The investments required to increase the use of enhanced technol-

ogy could benefit greatly from a more stable political and macro-
economic context, as well as clear and consistent policies. For 
example, multilateral trade negotiations in agriculture should not 
be undermined.

•	 Collaboration among ABPU countries could greatly enhance the 
strategies needed to achieve these sustainability and food secu-
rity objectives. The analysis described here is intended to kick-
start this collaboration, which has shown significant potential for 
future work.

RECENT TRENDS AND 
CHALLENGES

1	 EU Deforestation Regulation (Regulation (EU) 2023/1115), published in mid-2023, aims to minimize deforestation and forest degradation associated with agricultural raw 

materials imported into the European Union. It is part of the EU’s biodiversity strategy running to 2030.

The Argentina, Brazil, Paraguay, and Uruguay (ABPU) 

bloc plays an important role in global food systems and 

food security, as the world’s leading net food-exporting 

region. It is a substantial economic force, with total agri-

cultural exports valued at US$186 billion and net agricul-

tural trade at US$164 billion.

In particular, in 2020–2022, the bloc accounted for 

53.1 percent of Latin America and the Caribbean’s total 

agricultural exports, and 9.3 percent of the world total. 

This contribution is key in many products at the global 

level too, such as soybean products (for which the group 

accounts for 56 percent of world trade), corn (32 percent), 

bovine meat (26 percent), poultry meat (20 percent), 

pork meat (6 percent), and wheat (6 percent) (2020–2022 

Comtrade data).

The huge contribution of the agriculture sector to ABPU 

exports makes the sector crucial for these countries. 

Among their top 20 exported products, 10 are from the 

agrifood sector. In terms of trade trends, ABPU countries’ 

share of grain and oilseed exports has risen. Notably, 

participation of Asian countries among export destina-

tions is increasing, while shares to North America and the 

European Union (EU) have declined.

Two disruptive factors influencing global agrifood sys-

tems are emerging: climate change and increasing geo-

political fragmentation. Both disruptors would generate a 

heterogeneous impact on different regions and countries 

and thus alter their relative advantages in production and 

trade. Disruptions generated by climate change would 

have a greater impact. In particular, product groups mainly 

destined for domestic markets would be more vulnerable 

and the adverse effects are expected to be greater in the 

countries that produce them. This phenomenon alters 

the structure of international trade, with certain products 

and regions gaining advantages due to climate change 

and geopolitical fragmentation, while others experience 

adverse effects. ABPU countries would improve their com-

parative advantages in vegetable oils, dairy and eggs, and 

fruits and vegetables. These emerging trends raise criti-

cal questions about the future of global trade, necessitat-

ing further analysis to understand the implications of these 

disruptions. The modeling section below will present 

quantitative results that further illustrate these dynamics.

The region is facing several specific challenges already, 

including an increasing number of certifications, the EU 

2023/1115 regulation,1 and slow growth or stagnation in 

total factor productivity (TFP). While the Latin America and 

Caribbean region experienced relatively high total factor 

productivity (TFP) growth during the 1990s and 2000s, this 

growth slowed considerably in the past decade. The nota-

ble exception is Brazil, which has maintained exception-

ally high TFP growth over the last 20 years (Laborde and 

Piñeiro 2022). Additionally, countries are grappling with the 

growing number of unilateral measures imposed by some 

nations, exemplified by the EU’s Deforestation Regulation 

(EUDR), which require exporters to ensure product trace-

ability and compliance with stringent regulations.

Addressing these challenges in ABPU amid the disrup-

tive scenarios posed by climate change and geopolitical 

fragmentation is vital for ensuring global food security. 

Moreover, coordinated political action within this bloc 

is essential. By working together, member countries can 

leverage their collective strengths to develop innovative 
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strategies that adapt to environmental changes and shifting 

global markets. This collaborative approach could not only 

bolster food security in the region but also promote sus-

tainable production practices, ensuring that food systems 

are both environmentally friendly and economically viable. 

Coordinated action also has the potential to attract green 

investment, strengthening the capacity of ABPU countries 

to contribute to global food security in a sustainable way.

LATEST FORESIGHT 
RESEARCH
Developing an agricultural outlook for the MERCOSUR 

founding countries — Argentina, Brazil, Paraguay, and 

Uruguay — is essential for understanding the region’s spe-

cific agricultural dynamics. While international organi-

zations such as the Food and Agriculture Organization 

of the United Nations (FAO) and the Organisation for 

Economic Co-operation and Development (OECD) pro-

vide valuable global projections, ABPU-focused forecasts 

offer localized insights that better reflect these countries’ 

unique characteristics and perspectives. Given that vari-

ous projections are based on differing assumptions about 

future trends, a tailored ABPU outlook adds significant 

value by addressing the region’s distinct needs.

The process to develop these projections involved three 

steps. First, we established the assumptions for the key 

drivers, including population, macroeconomic growth, 

and productivity trends. Then we used partial equilib-

rium modeling to simulate the projected periods. In the 

third step, the results were reviewed with experts from 

ABPU countries, who analyzed and validated the mod-

el’s assumptions and outputs and suggested corrections, 

moving the process back to the first step.

Although our focus is on ABPU countries, it is also criti-

cal to account for key global trends during the projected 

period (2023/24 to 2033/34), informed by sources such as 

OECD-FAO (2024) and the U.S. Department of Agriculture 

(USDA) (Dohlman, Hansen, and Chambers 2024). First, 

growth in global food demand is expected to slow com-

pared to previous decades due to decelerating population 

and economic growth, though consumption growth will 

still exceed population growth. Additionally, current net 

exporters will likely expand their export capacity, while net 

importers are expected to increase their imports. Finally, 

price projections face high uncertainty, with potential 

volatility arising from economic fluctuations and extreme 

weather events that could significantly disrupt markets.

In the context of these global trends, ABPU projections 

show robust growth in cereal and oilseed production, 

which is expected to increase by 26 percent (118 million 

tons) by 2033/34 relative to 2023/24 (Figure 1). This growth 

will result from a combination of productivity improve-

ments and a 12 percent increase (15 million hectares) in 

harvested area. Total exports of cereals and oilseeds are 

projected to rise by 74 million tons, reaching 355 million 

tons, driven largely by corn, soybeans, and wheat.

Specifically, ABPU wheat yields are projected to increase 

from 2.7 to 3.1 tons per hectare (+15 percent), corn from 5.9 

to 7.1 tons per hectare (+20 percent), and soybeans from 3.2 

to 3.5 tons per hectare (+8 percent). However, these pro-

jected 2033/34 yields remain below the potential yields 

estimated by the Global Yield Gap and Water Productivity 

Atlas. Corn production, in particular, is expected to increase 

by 58 million tons (+33 percent) over 2023/24 levels, with 

yield improvements contributing 68 percent of this growth. 

Corn exports are anticipated to grow by 31 million tons to 

reach 113 million tons. Part of Brazil’s additional production 

serves domestic needs, especially animal feed and ethanol, 

but it also explains more than one-half of ABPU’s increase 

in exports (+20 million tons). Argentina’s exports will rise by 

11 million tons, partly due to recovery from the 2023 corn 

stunt disease, while Paraguay and Uruguay are expected to 

see production growth largely absorbed by domestic use, 

resulting in minimal net trade changes.

ABPU countries’ soybean production is projected to grow 

by 46 million tons (+21 percent), with exports increas-

ing by 34 million tons to reach 141 million tons by the 

end of the period. Brazil will lead in soybean exports 

with an increase of 31 million tons, followed by Argentina 

with 4 million, Paraguay with 2 million, and Uruguay with 

220,000 tons. Overall, soybean processing will increase 

by 13 million tons, with a rise in local soybean oil con-

sumption, primarily for biodiesel.

Wheat production in ABPU countries is expected to 

increase by 9.9 million tons (+39 percent), with exports up 

by 3.7 million tons, led mainly by Argentina. Brazil’s wheat 

consumption will grow by 2.6 million tons, but net imports 

will decline as local production rises.

In the meat sector, total production is projected to grow 

by 5.8 million tons, with poultry reaching 20 million tons, 
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followed by beef at 17 million tons, and pork at 6.7 million 

tons. By the end of the projection period, poultry exports 

are expected to surpass beef exports in volume, with all 

ABPU countries showing substantial growth.

Overall, these projected exports are estimated to generate 

US$36.3 billion for ABPU countries, including $6.8 billion for 

Argentina, $27.3 billion for Brazil, $1.3 billion for Paraguay, 

and $0.85 billion for Uruguay.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

This analysis could be improved or extended in many 

areas, each of them opening new research paths. 

For example:

•	 Multicropping and integrated systems. Current 

results do not track the differences between first or 

second crops. They also do not consider integrated 

productive systems, such as crop-livestock-forestry 

systems. Projections for these would allow for better 

understanding of total land use and yield growth.

•	 Regionalization. Given that ABPU countries contain 

many heterogeneous productive regions, insights on 

the future evolution in smaller areas would be useful.

•	 Land use change. How will production growth affect 

land use change and deforestation? What is the 

expected impact of the increase of deforestation-free 

requirements affecting ABPU production and exports?

•	 Climate change. How would different climate change 

scenarios affect production and food availability in 

these countries?

•	 Climate change adaptation. What specific adapta-

tion measures are needed in different regions of ABPU 

to mitigate the impacts of climate change on agricul-

tural production?

•	 Policy coordination. How can ABPU countries 

better coordinate their agricultural policies to 

enhance regional competitiveness and address 

shared challenges?

•	 Sustainable intensification. How can technological 

innovations and sustainable agricultural practices be 

promoted to increase yields while minimizing environ-

mental impacts?

Figure 1  Agricultural outlook for MERCOSUR

Source: Author’s calculations based on PEATSim-AR model.
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•	 Logistics. How are agrifood products transported in 

these countries, and what investments are required? 

What would be the impact of major logistics and infra-

structure projects?

•	 Stochastic analysis. Given that projections are heav-

ily affected by alternative assumptions regarding gross 

domestic product growth and weather events, it would 

be interesting to estimate confidence intervals for the 

main variables.

•	 Nutritional analysis. How can we enhance our under-

standing of the nutritional content of food produced 

in different agriculture systems? Investigating nutri-

ent availability alongside food production can inform 

policies aimed at improving food security and public 

health outcomes.

•	 Emissions measurement. Quantifying greenhouse 

gas emissions from agricultural practices in different 

regions could provide information on the most effective 

strategies to reduce emissions while maintaining pro-

ductivity. The greenhouse gas emissions could also be 

used to environmentally adjust productivity measures.

•	 Sustainability. Understanding the interaction 

between water availability and agricultural production 

is crucial to ensure sustainable food production.

•	 Competing markets. What would be the impact on 

ABPU of increased agricultural production in Africa?
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Key messages
•	 Addressing the dual challenge of limited resources and a large pop-

ulation, China must prioritize sustainable agricultural practices to 
ensure food security and environmental sustainability.

•	 The shift toward a more nutritionally balanced diet by 2050 will not 
only improve public health but also significantly alter the demand 
patterns for various food commodities, increasing the need for stra-
tegic adjustments in agricultural production.

•	 Technological innovation in agriculture presents a critical solution to 
overcoming constraints of land and water, highlighting the impor-
tance of continued investment in research and development for sus-
tainable growth.

•	 Future agricultural transformations will likely involve a move away 
from traditional small-scale farming toward more efficient and coop-
erative agricultural models, driven by rural demographic changes 
and the growth of socialized service organizations.
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RECENT TRENDS AND 
CHALLENGES
The transformation of China’s agricultural system needs 

to be based on two fundamental realities. The first is that 

China is a large country with small-scale farmers (Ji et al. 

2016; Yu 2012). China has 187 million farming households 

(NBS 2024). According to the data from the third agricul-

tural census, small-scale farming households account for 

more than 98 percent of the total agricultural business 

entities, and the cultivated land area operated by small-

scale farming households accounts for 70 percent of the 

total cultivated land area in China. The second reality is 

food security. There is an old saying in China: “The peo-

ple are the foundation of a country, and food is the pri-

mary need of the people.” The enormous food demand 

of China’s population of more than 1.4 billion cannot be 

expected to be fully met by relying on the international 

market (Han 2020; Huang and Yang 2017). While the Food 

and Agriculture Organization of the United Nations’ (FAO) 

definition of food security covers several dimensions, 

China’s food security has mainly focused on grain self-suf-

ficiency (Huang and Yang 2017). If food self-sufficiency 

cannot be guaranteed, China’s national development may 

be hindered. As residents’ consumption demand shifts 

from “eating enough” to “eating well” and “eating nutri-

tiously and healthily,” China needs to use its limited water 

and land resources to promote agricultural transforma-

tion in the direction of sufficient quantity, good quality, 

green ecology, high efficiency, and optimal structure of 

food production.

China’s agricultural system currently faces numerous chal-

lenges that threaten its sustainability and food security, 

as follows.

Resource constraints and a large population. China 

faces significant resource constraints in agricultural land 

and water per capita compared with other major agricul-

tural producers. Despite accounting for approximately 

20 percent of the global population, China has only 

9 percent of the world’s arable land and 6 percent of its 

freshwater resources (FAO 2024). In 2021, China’s arable 

land per capita was 0.08 hectares (ha), significantly lower 

than the world average of 0.18 ha and that of other major 

producers, such as the United States (0.47 ha), Australia 

(1.21 ha), and Brazil (0.27 ha) (FAO 2024). Moreover, the 

seven major grain-producing regions in north China, 

which contribute 50 percent of the total grain output, 

have access to only 10.84 percent of the country’s water 

resources. Depletion of groundwater in these regions due 

to irrigated agriculture exacerbates these resource con-

straints (China, Ministry of Water Resources 2022).

Growing import dependence and risks. These resource 

constraints are compounded by China’s increasing import 

dependence, particularly for key commodities such 

as soybeans. In 2023, China’s grain imports exceeded 

159 million metric tons (MMT), reducing the self-suffi-

ciency ratio to approximately 81 percent (GAC 2024; 

NBS 2024). Soybean imports, essential for animal feed, 

account for the bulk of these imports. Net grain imports in 

2023 reached 159.3 MMT, a significant increase from 59.1 

MMT in 2010, while the self-sufficiency rate dropped from 

90.4 percent to 81.4 percent in the same years (GAC 2024; 

NBS 2024). Soybean imports in 2023 reached 99.4 MMT, 

with a self-sufficiency rate of only 17.3 percent (GAC 2024; 

NBS 2024). This import dependence creates vulnerabili-

ties to geopolitical tensions and global supply chain dis-

ruptions, highlighting the insufficient risk resistance of the 

grain trade supply chain.

Need for improved agricultural sustainability. Intensive 

farming practices have taken a toll on China’s already lim-

ited agricultural resources. Overuse of chemical fertilizers 

and pesticides is widespread, leading to the degradation 

of soil health. However, with the implementation of fertilizer 

reduction initiatives, China's fertilizer input intensity contin-

ues to decline. In 2021, the fertilizer input intensity in China 

was 166 kilograms (kg) per ha, significantly higher than the 

world average of 65 kg/ha, despite having decreased by 

24 percent compared with 219 kg/ha in 2010 (FAO 2024). 

Agriculture is also a major contributor to greenhouse gas 

emissions, with crops accounting for 58.38 percent and 

livestock for 41.62 percent of agricultural CO2 emissions in 

China in 2014 (CAAS 2023). Improving agricultural sustain-

ability needs to be addressed to ensure the long-term via-

bility of China’s agricultural system.

Climate change and natural disasters. Climate change 

poses a significant threat to food production in China. The 

People’s Republic of China Third National Communication 

on Climate Change shows that for each 1°C increase in 

temperature, yields of staple crops such as maize, wheat, 

and rice may decline by 7–8 percent in China. Meanwhile, 

climate warming has caused the overwintering bound-

aries of pests and diseases to shift northward by 1 to 3.5 

latitudinal degrees, leading to an increase in their repro-

ductive generations and thus potential crop damage.
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Dietary imbalances and nutrition transition. China's tra-

ditional dietary structure and consumption habits are 

characterized by features such as frugality, small carbon 

footprint, diversity, and the use of locally available ingre-

dients (CAAS 2024). As incomes rise, China faces the chal-

lenge of dietary imbalances driven by a nutrition transition 

(Fan, Yosef, and Pandya-Lorch 2020). Chinese diets are 

shifting in important ways from a health perspective, with 

an increasing proportion of calories coming from fat and 

oil, while traditional carbohydrates are being crowded out 

and the intake of some micronutrients is insufficient (Sheng 

et al. 2021). Compared with the standards in the Chinese 

Dietary Reference Intakes Part 1: Macronutrients, the pro-

portion of energy supplied by carbohydrates was close to 

the minimum level of 50 percent, whereas the proportion of 

energy supplied by fat exceeded the recommended range.

LATEST FORESIGHT 
RESEARCH
Forecasting China’s future food security has been 

a research focus for both Chinese and international 

institutions, including the Organisation for Economic 

Co-operation and Development and FAO (OECD-FAO 

2023), the U.S. States Department of Agriculture (USDA 

2023), as well as the world food supply and demand 

model developed by the Policy Research Institute, 

Ministry of Agriculture, Forestry and Fisheries of 

Japan (PRIMAFF 2023), the Chinese Agricultural Policy 

Simulation Model (CAPSiM) from the Center for Chinese 

Agricultural Policy at Peking University (Huang and Xie 

2022), and the China Agricultural Monitoring and Early-

Warning System (CAMES) from the Market Early Warning 

Expert Committee of Ministry of Agriculture and Rural 

Affairs (China, MARA 2024). The Chinese Academy of 

Agricultural Sciences (CAAS) also maintains a partial equi-

librium model called the China Agricultural Sector Model 

(CASM) to simulate the changing supply and demand 

dynamics of China’s agricultural system. The CASM — 

codeveloped by the Institute of Agricultural Economics 

and Development (IAED) of CAAS and the International 

Food Policy Research Institute (IFPRI) — tracks production, 

consumption, trade, and prices for 33 key agricultural 

commodities, enabling researchers to analyze the impacts 

of various trends and policies on China’s agricultural sys-

tem (CAAS 2024). Table 1 presents the various projec-

tions for the supply of and demand for China’s main grains 

in 2030.

Table 1  Projections of China’s grain supply and demand in 2030 by major institutions 
or researchers, in million metric tons

Product Item CAAS OECD-FAO USDA PRIMAFF MARA

Huang 
and Xie

PKU

Paddy rice Domestic production 217.82 153* 150* 215.00 194

Total demand 221.29 156* 151* 215.88 197

Net imports 3.47 3* 3* 1* 0.88 3

Wheat Domestic production 142.17 136 143* 145.41 127

Total demand 150.34 143 149* 150.82 130

Net imports 8.17 7 9 6* 5.41 3

Maize Domestic production 321.35 297 309 315.01 271

Total demand 337.75 305 319 321.95 324

Net imports 16.40 8 20 10 6.94 54

Soybeans Domestic production 35.51 21 22 33.44 19

Total demand 119.91 122 124 112.78 148

Net imports 84.40 101 127 102 79.34 129

Note: * indicates milled rice. CAAS = Chinese Academy of Agricultural Sciences; OECD-FAO = Organisation of Economic Co-operation and Development–Food and Agriculture 

Organization; USDA = United States Department of Agriculture; PRIMAFF = Policy Research Institute, Ministry of Agriculture, Forestry and Fisheries; MARA = Ministry of Agriculture 

and Rural Affairs; PKU = Peking University.

141



By assuming that China will gradually achieve a shift 

toward a healthier diet by 2050, we derived a simulation 

for the ideal diet from a combination of recommended 

values from various sources, including the Chinese 

Food Guide Pagoda (2022), the EAT-Lancet diet, the 

Mediterranean diet, and data from the Japanese Dietary 

Pagoda, among others. Given the anticipated outcomes 

of this ideal diet, China is projected to see a significant 

increase in demand for high-quality proteins such as dairy 

products and aquatic items, as well as for fruits and veg-

etables. Conversely, a moderate decrease in demand is 

expected for cereals, edible oil, and meat, with a focus on 

achieving adequate energy intake and enhancing overall 

nutrition to improve national health (Table 2).

The simulation results from the CASM show that per 

capita food demand for meat in China is projected to 

decrease from 55.67 kg in 2023 to 37.80 kg in 2050 

and from 21.60 kg to 14.31 kg for vegetable oil. On the 

other hand, per capita demand for milk is projected to 

increase substantially, from 37.05 kg in 2023 to 109.50 kg 

in 2050, although this value is still below the per capita 

milk intake level of the United States. Aquatic products 

are expected to increase significantly, from 22.22 kg to 

75.01 kg.

Under the United Nation’s medium variant popula-

tion growth scenario, China’s population will drop to 

13.78 billion in 2035 and to 12.88 billion in 2050 (UN 

2022). Although the impacts of total population decline 

and population aging on China’s food demand remain 

unclear, our CASM simulation results find that total food 

demand for cereals will fall to 144 MMT, and total food 

demand for high-quality protein foods such as beans, 

milk, and aquatic products will increase significantly by 

2050 (Figure 1). The food demand for milk is expected to 

rise to 131.49 MMT, a 151.6 percent increase from 2023, 

while the demand for aquatic products and beans is also 

expected to rise substantially. Conversely, total demand 

is expected to decrease, by varying degrees, for staple 

foods, oils and fats, meat, and eggs.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Future foresight research based on the CASM will need 

to comprehensively consider the impact of the following 

Table 2  Recommended values of a healthy diet for each ideal dietary reference system, in 
kilograms/year

Food item Actual value in 2023

Mean values of recommended values 
of various ideal dietarya

Original value Adjusted valueb

Cereals 192.95 74.83 106.89

Potatoes 41.65 27.38 30.42

Beans 11.00 23.73 23.73

Edible oil 21.60 14.31 14.31

Meat 55.67 37.80 37.80

Eggs 15.19 10.49 11.92

Milk 37.05 109.50 109.50

Aquatic products 22.22 44.26 75.01

Vegetables 136.11 146.91 168.86

Fruit 106.54 91.25 111.28

Source: CAAS 2024.

Note: a. The averages of the recommended values refer to the average of the minimum and maximum values of the recommended intake of each food for each ideal diet of the 

Chinese Food Guide Pagoda (2022), the EAT-Lancet dietary, the Mediterranean diet, and data from the Japanese Dietary Pagoda, among others. b. Because the healthy diet rec-

ommendation is the actual intake of major foods, such as flour and rice, consumed by residents, this study converted the data according to parameters such as the proportion of 

the edible portion of each food to obtain adjusted values.
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factors to better simulate and predict the transformation 

of China’s agricultural system:

The impact of changes in agricultural production 
organization forms. With rural aging and the growth of 

cooperatives and socialized service organizations, the 

small-scale farming production model that has lasted for 

thousands of years may undergo changes in the future, 

leading to the scaling-up of agricultural production 

and higher efficiency (Guo, Lv, and Hu 2021; Huang and 

Yang 2017).

Potential impact of scientific and technological prog-
ress. Scientific and technological innovation is an import-

ant factor in transforming the agricultural system and a 

core factor in overcoming the constraints of cultivated 

land and water resources to achieve sustainable agricul-

tural development (Han et al. 2024; Zhang et al. 2024).

The uncertain impact of the world market. Under the 

globalized market, China’s agricultural transformation is 

interconnected with the rest of the world and will bring 

new opportunities for development of the world’s agricul-

tural industry. However, as trade disputes increase, uncer-

tainty in the world agricultural product market is also 

increasing, affecting the agricultural transformation of 

countries around the world, including China (Han, Chen, 

and Wang 2022; Kim, Steinback, and Zurita 2024).
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Figure 1  Projection of food demand by 2050 based on the ideal diet in China

Source: CAAS 2024.
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Key messages
•	 Rapid growth in the livestock and fisheries subsectors, driven by 

increasing demand, has advanced the frontiers of agricultural growth 
in India.

•	 Irrigation plays the dual role of enhancing both productivity and 
resilience in agriculture, but increasing reliance on groundwater 
for irrigation and the consequent decline in groundwater levels 
impede the sustainable transformation of India’s agrifood produc-
tion systems.

•	 Although climate change is a significant challenge to the sustainabil-
ity of agriculture, implementation of climate-smart interventions can 
significantly improve agricultural productivity and resilience.

•	 Changing dietary patterns reinforce the need to reshape agricul-
tural policies to promote diversification of agriculture in favor of 
nutrient-dense foods, including animal-source foods and fruits 
and vegetables.

•	 Diversification may contribute to the enhanced sustainability of nat-
ural resources, mitigate risk, and augment farm income, thereby 
addressing nutrition insecurity and reducing farm poverty.

•	 Enhancing self-sufficiency in specific commodities, such as edible 
oils and pulses, requires technological advancements and safeguards 
against low-cost imports.
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RECENT TRENDS AND 
CHALLENGES
The early 1990s marked a critical juncture in the Indian 

economy, with economic reforms signaling a departure 

from the historically modest rate of growth of approxi-

mately 3 percent. The economic reforms encompassed: 

(1) liberalization of trade by reducing import barriers and 

customs tariffs and devaluing the currency; and (2) lib-

eralization of domestic markets by reducing licensing 

requirements for private sector investment, easing regu-

lations, reducing corporate taxes, and decontrolling pub-

lic sector monopolies to integrate the Indian economy 

with the global market. Consequently, the Indian econ-

omy transitioned to a higher, more sustainable growth tra-

jectory. Since 1991, the country has experienced a robust 

growth rate of 6.3 percent (based on India, Ministry of 

Finance 2024).

India seeks to attain the status of a developed economy 

by 2047, coinciding with the centennial of its indepen-

dence, with per capita income anticipated to increase to 

US$22,000 from the current US$2,500. Its strategy focuses 

on macroeconomic growth, but equally emphasizes inclu-

sive development. Central to this strategy is the self-re-

inforcing virtuous cycle of investment, in which public 

sector investments are complemented by private sector 

initiatives. As the economy grows and disposable income 

increases, consumption patterns will shift toward nonfood 

items. However, the food basket is also expected to tran-

sition from calorie-dense cereals to pulses, fruits, vegeta-

bles, milk and meat that are richer in proteins and other 

nutrients. Meeting the evolving consumer preferences will 

necessitate changes in the food production system.

India’s agriculture sector plays a vital role in economic 

transformation. It is crucial not only for overall economic 

growth, but also for the nation’s food security and farm-

ers’ welfare. The sector contributes 14.5 percent to gross 

value added (GVA) and engages 45 percent of the total 

workforce. The sector has undergone substantial changes 

over the past six decades; the biochemical-based Green 

Revolution in the mid-1960s marked a pivotal moment 

in its development, and led to a substantial increase in 

food production within a short period of time. The suc-

cess of the Green Revolution inspired similar transforma-

tive changes in dairying, termed the “White Revolution,” 

and in fisheries, known as the “Blue Revolution.” Poultry 

production too witnessed tremendous growth. The 

cumulative impact of these agricultural revolutions was 

profound, propelling India toward self-sufficiency in food 

production by the late 1980s, and enhancing its capacity 

to cope with risks to food security. Furthermore, increased 

agricultural production has opened new avenues for eco-

nomic growth through agricultural exports. However, the 

country depends heavily on imports of edible oils and 

pulses to meet growing demand.

Agriculture sector performance is best understood by 

examining its components. While the crop subsector con-

tinues to dominate agricultural GVA (54 percent), the 

livestock and fisheries subsectors account for a sizable 

share (Figure 1). A closer look at growth trends over the 

past decade (2012/13 to 2022/23) reveals a dynamic shift 

within the agricultural landscape. The crop subsector 

experienced modest growth of 2.1 percent per year, ver-

sus impressive growth of 7.6 percent and 8.9 percent in 

the livestock and fisheries subsectors, respectively. This 

robust growth may be attributed to factors such as chang-

ing dietary preferences in favor of protein-rich foods.

The average landholding in India is 1.08 hectares (ha), 

down from 2.28 ha in 1970/71. Approximately 70 percent 

of landholdings are 1 ha or smaller. How has agricultural 

growth translated into farmers’ welfare? Farmers’ incomes 

Figure 1  Composition of agriculture and 
allied sectors in India, 2022/23

Source: India, Ministry of Statistics and Programme Implementation (2024).
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have not increased much. Between 2012/13 and 2018/19, 

farmers’ income in real terms increased at an annual rate 

of 3 percent. Nonetheless, their income sources changed. 

Due to the sluggish growth in farm income coupled with 

tiny landholdings, many farm households increasingly 

shifted toward wage labor during the same time period. 

Wage income now accounts for 40 percent of farmers’ 

total income, surpassing income from crops (37.0 percent) 

and livestock (15.5 percent).

Furthermore, significant interpersonal and interregional 

disparities persist in agriculture. While land productivity 

tends to converge across regions, labor productivity does 

not (Balaji and Deb Pal 2014), potentially due to the rela-

tive abundance of labor compared to land. Farm income, 

encompassing both crop and livestock, has been grad-

ually converging across districts, albeit at a slower rate 

(<1 percent), particularly among lower-income groups. 

The primary factors influencing these trends are irrigation, 

agricultural diversification, and market access. Notably, 

middle-income farmers tend to benefit more from these 

trends than their wealthiest and poorest counterparts 

(Balaji and Gopinath 2023).

Climate change is a major threat to both productivity 

and income growth. Since 1980/81, climate-related risks 

have reduced the country’s agricultural growth by one-

fourth, despite technological advancements (Birthal, 

Hazrana, and Negi 2021a). Sustained income growth is 

projected to increase India’s greenhouse gas (GHG) emis-

sions per capita by 40 percent in 2030 (Karstensen et al. 

2020). Nonetheless, climate-smart agricultural practices 

have significant potential for reducing production risk 

for farmers, with studies indicating a reduction range of 

12–25 percent (Deb Pal, Kumar, and Patan 2022). Practices 

such as crop diversification, improved water manage-

ment, and soil conservation not only help farmers adapt 

to changing climate conditions but also contribute to 

mitigation by reducing GHG emissions from agricultural 

activities. It is noteworthy that when these practices are 

implemented jointly, their effect on both productivity and 

resilience is greater than when they are implemented in 

isolation (Birthal, Hazrana, and Negi 2021b). Furthermore, 

a nationwide program on crop insurance was imple-

mented, although its coverage remains limited to one-

third of the cropped area.

Implementation of climate-smart practices and insurance 

on a large-scale still face challenges, primarily because 

farmers lack access to financial resources. Evidence 

indicates that financial access significantly affects produc-

tivity and resilience. Birthal et al. (2024) find a 24 percent 

increase in productivity and a 16 percent reduction in 

downside risks when farmers have access to credit. This 

underscores the need for more robust and formal finan-

cial support systems to help farmers adopt technolo-

gies and practices for risk mitigation. Irrigation positively 

impacts agricultural productivity and its resilience, but the 

decline in groundwater levels — particularly in the Green 

Revolution states of Punjab and Haryana — raises signifi-

cant concerns about the long-term sustainability of India’s 

water use. In fact, benefits of irrigation have started taper-

ing off (Birthal et al. 2021c). Despite various policy efforts 

to regulate groundwater use, measures have largely been 

ineffective (Kishore et al. 2024; Rosencranz et al. 2021). 

The Government of India has been making efforts to 

wean farmers away from paddy cultivation and promote 

micro-irrigation. However, the effectiveness of these inter-

ventions has been limited, highlighting the challenge 

of balancing agricultural productivity with sustainable 

water management.

LATEST FORESIGHT 
RESEARCH
Income growth and population dynamics are key driv-

ers of food security, and significantly influence the trans-

formation of food systems. Food consumption patterns 

over the past three decades indicate that cereals and 

pulses are no longer the predominant food items for 

households in India. In both rural and urban areas, cere-

als constitute only approximately one-tenth of total food 

expenditure, while only 4 percent of spending is allocated 

to pulses (India, Ministry of Statistics and Programme 

Implementation 2024). Conversely, food demand and 

supply projections for India suggest a surplus of rice and 

wheat, two major staples, by 2047/48 (Figure 2). However, 

projections for high-value food commodities such as 

fruits, milk, meat, and fish (on which a sizable share of 

income is spent) demonstrate only a narrow gap between 

demand and supply (India, NITI Aayog 2024a). This under-

scores the necessity for India to accelerate its transition 

toward a more nutrient-dense and value-based produc-

tion system, achieved through both crop diversification 

and expansion of cultivation of these essential foods.

Ex ante research suggests that shifting cropland from 

staple crops like rice and wheat to nutri-cereals such as 
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sorghum and pearl millet not only reduces farm subsidies 

but can also help mitigate GHG emissions (for example, 

if farmers adopt a millet-based cropping system) (Balaji 

2024). If households return to the level of pearl millet con-

sumption seen in the early 1990s, the government could 

save up to an estimated US$75 million in farm subsidies. 

This implies that these savings could be reinvested in agri-

culture to fund climate adaptation and mitigation, thereby 

supporting a more sustainable food system. Additionally, 

the transition to nutri-cereals could result in a reduction 

in net GHG emissions of 3.3–3.6 million metric tons of CO2 

equivalent (MMT CO2e), contributing to both environmen-

tal sustainability and food security.

India is currently the world’s largest importer of edi-

ble oil and pulses. Approximately 70 percent of domes-

tic demand for edible oils and 10 percent for pulses are 

met through imports. Projections suggest that India will 

continue to face a shortfall in edible oil supply through 

2047/48 (India, NITI Aayong 2024b). On the other hand, 

12 million ha of rice-cropped area are left uncultivated in 

the alternate seasons. This rice-fallow land is often pro-

posed as a potential area for pulses and oilseed cultiva-

tion, aiming to reduce India’s reliance on imports. The 

persistent dominance of pro-liberalization policies over 

self-reliance strategies is frequently cited as a key fac-

tor behind such a huge dependence on imports of these 

commodities. If the current low-tariff regime persists, 

India will likely continue to rely on imports of edible oils 

to meet domestic demand. Interestingly, evidence indi-

cates that even if tariffs on edible oil are increased, the 

impact on imports may be limited and may not lead to a 

significant increase in production of oilseeds and pulses 

(Balaji et al. 2022; Balaji, Umanath, and Arun 2021). This 

suggests the need for a technological breakthrough in 

their production.

Inflation control measures in India have often involved 

imposing export bans on key commodities, such as rice, 

wheat, and sugar. While stable trade policies can be 

beneficial in the long run, the uncertain impacts of cli-

mate change can disrupt the transition of the food sys-

tem, particularly if sufficient investments are not made. 

Projections indicate that temperatures in India could rise 

by 1.1–5.1°C by 2100 under the SSP5 8.5 scenario (Kumar 

et al. 2023). This could adversely affect agricultural pro-

ductivity, including paddy and wheat, two of the country’s 

most important staples. Pulses and oilseeds, predomi-

nantly grown in rainfed areas, are also expected to face 

yield decline. Projections suggest that yield reductions 

Figure 2  Demand and supply projections for major food items for 2047/48 (million metric tons)

Source: GoI (2024d).
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could range from −1.8 percent to −6.6 percent under the 

RCP 4.5, and from −7 percent to −23 percent under the 

more extreme RCP 8.5 (Birthal et al. 2021d). The financial 

implications of climate change are particularly significant, 

as they can impede the necessary actions for adaptation 

and mitigation. In the absence of adequate financial sup-

port, climate change can exacerbate the demand for food 

imports, further straining the economy.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

The existing body of research has yielded valuable insights 

into the transformation of India’s food system. However, 

there is a pressing need to broaden the scope of foresight 

research in this area. By exploring potential future scenar-

ios, foresight research could facilitate proactive decision-

making, foster innovation in agricultural ecosystems, and 

enhance equitable food access. For example, yields for 

several key crops in India — including staples, coarse cere-

als, pulses, and oilseeds — remain below the global aver-

age (GoI 2024f). Studies demonstrate that investments 

in agricultural research in India yield significant returns, 

with every rupee invested generating Rs 13.85 (Kandpal, 

Birthal, and Mishra 2024). A comprehensive foresight 

exercise could help project potential yield improvements 

of these crops and provide guidance on the means to 

enhance total factor productivity through research invest-

ments. This approach is equally pertinent for addressing 

crop yield disparities. For critical commodities such as oil-

seeds and pulses, on which India’s import reliance is sub-

stantial, foresight research that anticipates potential shifts 

in future trade dynamics could inform the development 

of alternative strategies to safeguard the food supply and 

counteract the ramifications of trade disruptions.

Foresight research can provide crucial insights into 

addressing public health concerns. Changes in food con-

sumption patterns have led to the rise in overweight as a 

public health issue, alongside the persistent challenges of 

undernutrition and micronutrient deficiencies (Meenakshi 

2016). By employing foresight research, it may be possi-

ble to evaluate the welfare effects of a food system that 

emphasizes improved nutrition and promotes consump-

tion of fruits and vegetables while restricting meat and 

sugar intake, particularly for low-income populations. 

Exploring market reforms that promote collective action 

in agriculture is another area in which foresight research 

can contribute. Expanding collective institutions, such 

as farmer-producer organizations and self-help groups, 

and enhancing farmers’ access to markets, credit, and 

extension services have been shown to positively impact 

income, yield, and product quality (Bizikova et al. 2020). 

Although India has made significant strides in promot-

ing these collectives, foresight research that informs their 

effective scale-up and ensures their sustainability could 

play a crucial role in creating more inclusive and sus-

tainable food systems in the future. The significance of 

foresight research extends to restructuring agricultural 

support systems, preserving agroclimatic diversity, and 

assessing the political, economic, and environmental via-

bility of such transformations.
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Key messages
•	 Productivity growth has played a dominant role in driving the growth 

of Indonesia’s agricultural production in recent decades, but it has 
been accompanied by the increasing role of land expansion.

•	 Indonesia is projected to achieve high-income status by 2045 if the 
country can maintain a 6–7 percent annual economic growth rate.

•	 To achieve high income and economic growth, the country needs to 
boost investment activities by increasing national saving, foreign 
direct investment (FDI), and investment efficiency.

•	 Future foresight research should include environmental impacts such 
as emissions and land use change and explore long-term changes in 
dietary patterns and poverty alleviation.
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RECENT TRENDS AND 
CHALLENGES
Indonesia’s agriculture sector experienced major shifts 

throughout the 1982–2023 period, growing at an average 

annual rate of 3.02 percent, which was slower than the 

overall economic growth rate of 4.59 percent (Figure 1). 

As a result, the agriculture sector’s contribution to gross 

domestic product (GDP) declined significantly, from 

24.02 percent in 1982 to only 12.42 percent by 2023 

(Figure 2). Coinciding with this, the proportion of agri-

cultural workers decreased from 55 percent in 1987 to 

28.21 percent in 2023  (Figures 3 and 4). These decreas-

ing trends may be attributed to “structural transforma-

tion.” It is worth noting, however, that the transition away 

from agriculture in Indonesia is happening before manu-

facturing is mature (Dartanto, Yuan, and Sofiyandi 2017), 

so workers are more likely to be reallocated to informal 

services, as the manufacturing sector cannot absorb them 

all (Jeon 2013).

In Indonesia, food crops, especially rice, remain the main 

staple food source (Suhaimi et al. 2022). Rice prices thus 

affect inflation (Sholikhah and Anjani 2023) as well as 

social, economic, and political conditions in the country 

(Wiswayana and Pinatih 2020). For this reason, the govern-

ment has made various efforts to increase rice production 

and its availability, with positive results: rice production 

growth over 1982–2020 increased 1.29 percent per year. 

The government has also undertaken efforts to increase 

maize production, for which average growth for 1982–

2020 was 4.45 percent per year. Except in 2019 and 2020, 

the high increase in maize production in recent years was 

driven by the increasing use of corn as feed and by its 

price at the international level (FAO 2023).

Other commodities such as horticulture and planta-

tion products and poultry show better performance. 

Horticulture products can also be considered staple 

foods and are categorized as high-value, enjoying a 

strong position in both domestic and export markets (Edi 

et al. 2023; Indrasti and Rawung 2021). Since the eco-

nomic value of horticultural products is quite high, it is 

reasonable for farmers to switch to this subsector. Several 

factors play an important role in this development, such 

as superior varieties (Mustaffa and Kumar 2012). For plan-

tation crops, average growth in oil palm fruit production 

averaged 11.30 percent per year over 1982–2020. Coffee, 

tea, and cocoa experienced relatively stable annual 

Figure 1  Annual agriculture and economic 
annual growth, 1982–2023

Source: Statistics Indonesia.

Note: Based on constant 2010 prices.
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Figure 2  Agricultural GDP and share of total 
GDP, 1982–2023

Source: Statistics Indonesia.

Note: Based on constant 2010 prices.
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growth of 4.53 percent, although their production growth 

slowed in the 2010s. For poultry commodities, chicken 

and egg production grew at an average annual rate of 

8.40 percent from 1982 to 2020, in line with the increase in 

worldwide chicken meat and egg production from pure-

bred chickens and the shift to their commercial produc-

tion in Indonesia (Putri and Sukandar 2023).

Our analysis shows that total factor productivity (TFP) 

consistently played a dominant role in the growth struc-

ture of Indonesia’s agriculture production throughout 

the 1982–2020 period. However, we note that the role of 

land expansion increased as well. From 1982 to 1990, our 

calculations show that agricultural growth was primarily 

supported by TFP growth and labor expansion. More spe-

cifically, output grew by an impressive 4.87 percent per 

year, with TFP growth and labor expansion accounting for 

about 30 percent and 31 percent of this growth, respec-

tively. In the following decades (from 1990 to 2020), 

TFP growth remained the primary driver, but the role of 

labor dropped (−0.79%), while land expansion gradually 

became more dominant (+0.81%).

Figure 3  Employment in agriculture, 
1987–2023

Source: Statistics Indonesia.
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Our analysis at the commodity level suggests that almost 

all commodities relied heavily on extensification factors 

(that is, land and livestock expansion). For instance, out-

put growth for rice between 1982 and 2000 averaged 

2.45 percent annually and land expansion contributed 

1.52 percent. However, over the 2001–2020 period, rice 

production grew more slowly (by only 0.42 percent) and 

land contracted correspondingly (by 0.4 percent). Other 

commodities — including maize, roots, palm oil, coffee, 

tea, and cocoa, and poultry and cattle — experienced a 

similar slowdown.

LATEST FORESIGHT 
RESEARCH
A study conducted by the Food and Agriculture 

Organization of the United Nations (FAO 2023) analyzed 

the impacts, synergies, trade-offs, and political feasibil-

ity of various policy interventions for agrifood systems 

transformation in Indonesia (Woolfrey et al. 2024). This 

study explored Indonesia’s effort to make steady prog-

ress across several food system policy interventions. 

Continued economic growth and rising incomes will both 

contribute to declining rates of poverty and undernour-

ishment. Increasing demand for food in Indonesia is pro-

jected to lead to a substantial increase in food production, 

with corresponding increases in greenhouse gas (GHG) 

emissions from agriculture. Rice availability in Indonesia 

still needs to increase, and various efforts to boost its pro-

duction still need to be carried out. The government’s 

efforts to increase maize production have borne fruit: 

recently, maize has been used not only for household con-

sumption but also as a source of animal feed and as mate-

rial for the food-processing industry.

However, the FAO study did not explore how the agri-

culture sector could contribute to achieving the govern-

ment’s targets associated with plans to celebrate the 

100th anniversary of Indonesia’s independence in 2045. 

The Indonesian government’s long-term vision for the 

Golden Indonesia Era in 2045 (Indonesia Emas 2045) spe-

cifically aims to raise the country’s per capita income to 

the level of high-income countries. A recent study by 

the team of the CGIAR Research Initiative on Foresight 

1	 Indonesia’s Ministry of National Development Planning/National Development Planning Agency.

2	 In this study, we proxy the real income per capita by using real gross national income (GNI) per capita (GNI of a country, adjusted for inflation and expressed on a per-per-

son basis).

in Indonesia strives to identify how this can be achieved 

by investigating the country’s past agricultural develop-

ment and its implications for future economic growth 

and the agrifood system as a whole. The analysis is pri-

marily focused on baseline projections, which serve as 

a critical tool for identifying existing trends, challenges, 

and opportunities within the agrifood system needed to 

understand plausible future scenarios. Specifically, this 

study examines major drivers of agricultural production — 

including intensification, extensification, and changes 

in TFP — and projections of economic growth pathways 

based on different growth drivers, using an economywide 

modeling framework designed to explore ways of achiev-

ing Indonesia’s vision for 2045.

Departing from the historical lessons learned, we analyze 

the plausible future of the Indonesian economy based on 

low (5 percent), medium (6 percent), high (7 percent), and 

ambitious (8 percent) growth rate scenarios, which are 

aligned with the Bappenas1 scenarios. To demonstrate 

how the country could reach high-income status, we com-

pare the dynamic real income per capita growth projec-

tions2 from our economywide modeling analysis to the 

World Bank’s high-income country classification in 2024–

2025, that is, US$14,005 gross national income (GNI) per 

capita (World Bank 2024).

Based on model projections, Indonesia could pass this 

real income threshold and become a high-income coun-

try by 2040 under the ambitious-growth scenario and by 

2043 under the high-growth scenario. However, the target 

may not be met until 2046 or 2050 if the country’s growth 

follows the medium or low growth rate trajectories, 

respectively (Figure 5). To meet these growth targets for 

the whole economy, the agriculture sector must grow at 

4.6 percent per year (ambitious growth) or 4.5 percent per 

year (high growth). This would require significant effort, 

as the sector grew by only 3.3 percent per year between 

2003 and 2023. Additionally, our projections underscore 

the critical role of the fisheries subsector. To support the 

high growth target in the agriculture sector, the fisheries 

economy needs to grow by at least 6.4 percent annually.

We also explore pathways toward achieving an 8 percent 

growth rate to support the Indonesia Emas 2045 vision 

using China and Viet Nam as benchmarks for the change 
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needed in Indonesia. One notable source of GDP growth 

that distinguishes China and Viet Nam from Indonesia is 

the growth of gross fixed capital formation. In the long 

run, national savings and FDI play key roles in boosting 

economic growth. Another challenge lies in Indonesia’s 

low investment efficiency, as indicated by a high incre-

mental capital output ratio (ICOR) of 6.2, compared with 

lower ratios in China (4.4), Thailand (5.0), and Viet Nam 

(5.2). On the supply side, the growth of input factors has 

been a key driver for rapid economic growth in China and 

Viet Nam.

The simulation results indicate the trajectory of structural 

transformation in Indonesia toward 2045, reflected in the 

agriculture sector’s declining share in GDP and in employ-

ment. In the faster growth rate scenarios, the reduction in 

the share of agricultural employment becomes more pro-

found. A more detailed look at the agriculture subsector 

projections shows that crops, livestock, and especially 

fisheries experience output expansion across all the sce-

narios. However, the forestry subsector experiences slight 

decreases in most scenarios through 2045 (Figure 6). At 

the commodity level, the distribution of agricultural out-

puts and employment emphasizes the ongoing impor-

tance of oilseeds and rice, while high-value agricultural 

products such as fruits, vegetables, and other crops 

gradually play a larger role (Figure 7). These findings are 

consistent with the transformation toward high-value agri-

culture commodities that is shaping a more diversified 

output and employment structure in the sector.

Our findings shed light on several important policy impli-

cations. First, despite potential adverse environmental 

effects (Nowosad and Stepinski 2019; Bengochea Paz, 

Henderson, and Loreau 2020), the government appears 

to be continuing to rely on extensification programs to 

boost production, such as the Food Estate program for 

rice production in Merauke, Papua. Second, agricultural 

R&D should be given greater support, as data show that 

Indonesia’s agriculture sector R&D spending is still rela-

tively low compared to that of other countries, especially 

in Asia. Third, institutional arrangements still play a cru-

cial role in stimulating output and TFP growth. More spe-

cifically, regulations that promote economies of scale and 

horizontal integration through formal agreements (that 

is, contract farming between small and large farms) are 

essential to increase technical change and efficiency.

At the sector level, our analysis highlights the importance 

of downstream sectors in each commodity value chain. 

Figure 5  Economic growth and income projections, 2025–2050

Source: Model simulations (authors) and Bappenas growth projections (Presidential Regulation Number 12 of 2025).
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Figure 6  Annual subsectoral growth in agriculture, 2025–2045

Source: Model simulations.
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Figure 7  Share of output by commodities

Source: Model simulations.
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This indicates that agriculture sector development cannot 

rely solely on on-farm activities. Strengthening the down-

stream value chain of agricultural commodities is crucial 

to support agrifood systems as a whole. This becomes 

even more pressing as structural transformation shifts 

labor from agriculture to non-agriculture sectors. Lastly, 

comprehensive transformation must be accompanied 

by labor market transformation in both on- and off-farm 

employment, suggesting that investment in agricultural 

human resources is essential.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Although this study illuminates several crucial aspects 

of agrifood system development in Indonesia, areas for 

future research remain. First, future foresight research 

should include an analysis of GHG emissions and land 

use change, major components of Indonesia’s sustainable 

development agenda. How climate change will shape 

future developments in Indonesian agriculture is another 

important research question. Second, this study heavily 

emphasizes the supply-side drivers, but issues related to 

changing dietary patterns, food diversification, and pov-

erty alleviation need more attention. Third, a critical social 

aspect that warrants further investigation is the impact 

of agrifood system transformation on rural communities, 

livelihoods, and social inequalities. Understanding social 

dynamics — such as access to resources, education, and 

healthcare — can provide a more comprehensive under-

standing of how agrifood system changes affect the 

broader population.
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Key messages
•	 South Africa’s primary agriculture sector witnessed profound produc-

tivity growth in recent decades, yet structural transformation is stall-
ing due to a combination of sluggish nonfarm growth and persistent 
structural challenges that inhibit wider societal progress.

•	 Looking ahead, the agrifood system is well placed to increase the 
supply of goods at competitive prices but requires consistency in 
policymaking and an investment-friendly environment, as well as 
stronger domestic demand for products.

•	 Given the complexity and interconnectedness of the country’s agri-
food system, future foresight research should focus on better under-
standing cross-sector productivity gains and how the entire system 
can be reoriented to support greater agricultural transformation.
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RECENT TRENDS AND 
CHALLENGES
South Africa recently celebrated 30 years since the start 

of its liberal democracy in 1994, marking an opportune 

moment to evaluate the performance of the country’s 

agriculture and related value chains in contributing to 

national progress and development. The country’s agri-

food system is unique within the African context, shaped 

by various development phases, distinct past policy inter-

ventions, and more recent economic drivers both locally 

and internationally. Although more industrialized and 

globally competitive compared to many of its emerging 

market peers in Africa, South Africa faces persistent struc-

tural economic challenges and lags in achieving socie-

tal and developmental outcomes that would normally be 

associated with a country on a pathway toward agricul-

tural transformation. This section details some insights 

about South Africa’s current agrifood system and its likely 

future. It highlights the pressing need to explore alter-

native agricultural transformation pathways that can 

enhance productivity, sustainability, and competitiveness 

to the benefit of all actors who depend on the agrifood 

system for income and livelihoods.

The definition employed to assess South Africa’s agrifood 

system is derived from multiple sources (FAO 2024; De 

Weerdt et al. 2023; Fanzo et al. 2020; UN 2021). In short, it 

encompasses a network of different actors who are inter-

connected by their various roles in supplying, using, and 

governing agrifood products, which are in turn influenced 

by factors like globalization, trade, urbanization, popula-

tion growth, and changing climatic conditions. We esti-

mate that in 2021, about 13–16 percent of South Africa’s 

gross domestic product (GDP) could be attributed to all 

economic activities involving the agrifood system and 

close to 14 percent of the country’s population is involved 

in some form of agricultural production, be it commercial, 

semi-commercial, or subsistence activities. On the con-

sumption side of the economy, 19.5 million households 

spend around 16 percent of their final expenditure on 

food and beverages (StatsSA 2025). Thus, the structure, 

performance, competitiveness, and economic outcomes 

associated with the agrifood system play a critical role in 

South Africa, which has undergone significant structural 

changes over the past century.

Within the agriculture sector, the size of farming units 

has increased, while the overall number declined, 

reflecting a process of consolidation that started in the 

Figure 1  Real agricultural GDP and contribution to the economy, 1946–2023

Source: StatsSA (2024).
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1950s (Liebenberg 2013). Up until 1994, the sector was 

heavily subsidized for long periods, through govern-

ment market interventions as well as direct and indi-

rect support to producers. A sudden policy shift in 

the 1990s to deregulation and liberalization of trade 

exposed the sector to global market forces for the first 

time in decades. Despite these significant changes, 

Figure 1 reflects strong performance in the primary agri-

culture sector’s GDP. Its real growth rate has exceeded 

that of the rest of the South African economy, such that 

in the past decade agriculture’s share contribution to 

GDP started to reverse its previously declining trend. 

At the same time, the decline in the number of jobs in 

agriculture started to reverse in recent years. Based on 

these two factors, one could argue that South Africa is 

experiencing a reversal in its agricultural transforma-

tion process.

This highlights the structural dynamics currently at play 

in the South African economy, where sluggish economic 

growth in nonfarm sectors is stalling structural trans-

formation, despite strong productivity gains in the pri-

mary sector. Figure 2 shows the relative growth in real 

gross farm income since 1994 across the different agri-

cultural subsectors, which indicates the importance of 

external demand. Export-led growth benefited the hor-

ticulture sector, with strong demand for products, such 

that 42 percent of total horticulture income was gener-

ated from exports in 2021. South Africa’s strong position 

as a counterseasonal, Southern Hemisphere exporter of 

fresh fruit to developed economies underpinned growth 

in the agriculture sector as a whole. In contrast, the live-

stock and field crop industries are much more depen-

dent on the South African economy, the purchasing 

power of its population, and the demand-pull from food 

manufacturers. The country is also an important surplus 

producer of maize, which is Africa’s most important sta-

ple. Maize producers have benefited from supplying 

grain to the sub-Saharan African region for many years. 

Some countries in the region are projected to become 

larger net importers of staple crops, suggesting that 

exports will remain an important contributor to growth 

for the sector. While most agricultural subsectors have 

experienced significant growth in productivity levels, the 

country’s industrial sectors are struggling to compete, 

largely due to the same factors that hinder faster growth 

in agriculture.

Too many South Africans are unemployed, poor, and 

indebted, and are operating in an economic environment 

Figure 2  Index of real farm income, by subsector, 1993–2023

Source: South Africa, DALRRD (2024).
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with severe structural challenges, some of which are 

remnants of Apartheid-era policies. Yet with three 

decades of liberal democracy behind the country, it is 

worth asking whether many of the policies designed to 

address the triple problem of unemployment, poverty, 

and inequality have been successful. As with the rest of 

the economy, fundamental preconditions are needed 

to unlock further development in the country’s agri-

food system. First, a stable and conducive policy and 

investment environment that enables inclusive growth 

requires strong property rights and security of tenure. 

Comprehensive and effective state support programs 

are needed to rid the agriculture sector of its dualism, 

characterized by a large gap between mostly black and 

subsistence-oriented farmers and the often larger and 

modernized operations of white farmers. Emerging farm-

ers require adequate services that are currently critically 

lacking. These include consistent electricity supply, mar-

ket access, management of ports and rail, veterinary and 

biosecurity services, and agricultural research, to name a 

few. Among the biggest challenges to the agrifood sys-

tem are:

•	 Management of animal diseases, which hamper pro-

ductivity growth and limit export opportunities in live-

stock industries.

•	 Vast tracts of land that have become unproductive 

under the current land reform program, with minimally 

effective producer support and extension services. 

This land could enable expansion of field crop produc-

tion by Black farmers, but comprehensive producer 

support and access to credit and insurance safety 

nets are essential to unlock growth in this segment of 

the market.

•	 Despite significant investment to expand fruit exports, 

the slow opening of new markets through bilateral 

trade negotiations has favored South Africa’s com-

petitors such as Chile, Mexico, and Peru, which have 

been more successful in opening trade with China 

and India.

LATEST FORESIGHT 
RESEARCH
For the past 20 years, South Africa’s Bureau for Food 

and Agricultural Policy (BFAP) has presented a 10-year 

outlook for agricultural production, consumption, prices, 

and trade, referred to as the BFAP Baseline. This fore-

sight research, generated using BFAP’s system of mod-

els, is based on assumptions about a range of economic, 

technological, environmental, climatic, political, institu-

tional, social, and international market factors. These can 

reflect the megatrends shaping the future of the agri-

food system, which will not only drive the magnitude 

of change over time but also the direction in which it 

moves. South Africa’s population is expected to increase 

from 64 million in 2024 to 79 million by 2050, with signif-

icant growth in the share of people living in urban areas 

(UNCTAD 2024). This will likely accelerate current trends 

that have shaped consumer spending patterns more 

recently, such as the move to more healthy diets, conve-

nience-driven options, and the composition of food bas-

kets more generally.

Looking 10 years ahead, our foresight projections sug-

gest continued slow growth in agriculture due to the 

persistent challenges facing the economy. Despite 

ongoing urbanization, relatively strong population 

growth, and slightly better economic growth prospects, 

projected real GDP growth remains too slow to unlock 

rapid demand growth for agricultural and food prod-

ucts. Although many observers are hopeful that the 

new coalition government could fast-track growth-en-

abling interventions, our current baseline projections 

estimate real growth of only 0.4 percent per year in the 

agriculture sector over the next decade. For field crops, 

the transmission of lower global prices into local mar-

kets will likely reduce farmers’ earnings, although the 

lower feed grain prices will benefit intensive livestock 

operations. In the absence of growth in meat export 

opportunities and likely further reduction in future fiscal 

stimulus supporting poor households, the livestock sec-

tor will remain under pressure. Projected consumption 

growth of 24 percent for poultry products, 22 percent 

for pork products, 13 percent for beef, 35 percent for 

processed dairy products, and 36 percent for eggs by 

2035 relative to 2024 reflects the growing population, 

with minor per capita gains. Horticultural revenue is pro-

jected to grow consistently over the outlook period, as 

most of the area planted in the recent past will come 

into full production. It is expected that expansion of the 

area under horticulture will be much slower in the com-

ing decade, due in part to strong competition in export 

markets putting pressure on farming margins in recent 

years and limits to additional arable land (and water) to 

expand area.
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KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Foresight studies on South Africa’s agrifood system have 

been limited and mainly focused on policy shocks, using 

scenario planning and exploring means to unlock future 

growth. A large gap exists within the policy space in 

understanding the complexities and interconnectedness 

between different segments of the agrifood system and 

the extent to which they are affected by different policy 

decisions. Also, it is not clear how to halt and reverse the 

country’s de-industrialization trend, which has a bearing 

on how to ensure that the agricultural transformation pro-

cess advances to ensure widespread progress for partici-

pants. South Africa is in a unique position in that the bulk 

of its farming sector is unlocking productivity growth, 

while the nonfarm agrifood system urgently requires solu-

tions to improve its slow growth. By addressing these 

gaps, future research can contribute to making South 

Africa’s agrifood system more resilient and sustainable.
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Key messages
•	 Urbanization and income growth lead to more diverse diets and 

increased consumption of animal-source foods (ASF) in lower-income 
countries, while in some higher-income countries, consumer prefer-
ences may slowly be shifting away from ASF.

•	 A significant shift in diets is projected for lower-income countries, 
with the demand for ASF expected to increase by 20 percent in 
absolute kcal/person/day terms under conditions of baseline socio-
economic trends to 2050.

•	 Projected shifts in ASF consumption will disrupt local-to-global food 
production and distribution, but most attention has focused on its 
implications for nutrition and health, climate, and the environment, 
with less attention to socioeconomic and livelihood impacts.

•	 Strategies proposed for addressing the complex and multidimen-
sional future impacts of changes in ASF demand, production, and dis-
tribution need further exploration.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
In a reflection of the persisting challenge to achieve the 

Sustainable Development Goal target of zero hunger, 

around 733 million people, or 1 in 11 globally, faced hun-

ger in 2023. This is according to the 2024 United Nations 

report on the state of global food security (FAO et al. 

2024). That report also indicated that up to 2.33 billion 

people experienced moderate to severe food insecu-

rity in 2023, and, if current trends persist, a projected 

582 million people will be chronically undernourished in 

2030. Despite these recent setbacks in global food secu-

rity, in many places where the consumption of protein 

from animal sources has been historically low, including 

among vulnerable populations within Africa and Asia, 

higher intakes of animal-source foods (ASF) contribute to 

reducing chronic challenges of calorific hunger and hid-

den hunger; that is, too-low intakes of foods of high nutri-

tional value (Adesogan et al. 2019; UN-Nutrition 2021).

Following decades of high consumption in higher-in-

come countries and regions, per capita demand for ASF 

types such as beef and mutton declined in many regions 

over the last decade (Table 1). Whereas issues of price 

and affordability dominate trends of ASF consumption 

in countries where average incomes are still very low, 

heightened concerns about potential negative impacts on 

human health and the environment, among other issues, 

have been influencing a slow dietary shift toward reduced 

consumption of meat in higher-income countries (Mathijs 

2015). At the global level, however, demand for ASF has 

increased, driven by strong growth in demand for poul-

try (Table 1). Beyond the global statistics, changes in ASF 

demand are occurring in different directions (that is, up 

and down), and at varied rates for different locations and 

ASF types (Herrero et al. 2023). For example, while per 

capita demand for poultry meat increased in all regions 

over the last decade (although to varying degrees), pork 

demand per capita increased in the Americas, Asia, and 

Africa, but declined in Europe.

Rapid urbanization and income growth, among other 

changes, lead to more diverse diets and consumption 

of higher quantities of ASF, legumes, fruits, vegetables, 

and processed foods in developing economies (FAO et 

al. 2023). These dietary changes have direct effects on 

food security and nutrition, and — through changes in 

demand, production, and trade — drive major transforma-

tions in local to global food systems. This chapter examines 

selected key issues in the transformation of livestock-based 

ASF systems.

LATEST FORESIGHT 
RESEARCH

Demand, production, and distribution

In a report simulating responses of the global agricultural 

and food system to changes in population, income, and 

prices from 2020 to 2050, global calorie demand per per-

son is projected to increase by 8.4 percent between 2020 

and 2050 under a baseline scenario; that is, a continuation 

Table 1  Change in annual meat demand (in kilograms) per capita between 2012 and 2022, 
selected regions 

Region Beef Mutton/Lamb Pork Poultry Meat

World 0.26 0.18 0.27 2.63 3.34

United States 0.96 0.28 2.57 3.89 7.70

Europe (1.83) (0.22) (0.28) 2.56 0.23

South America (4.41) (0.06) 3.99 5.50 5.02

Africa (1.07) (0.19) 0.44 1.21 0.39

Asia 1.78 0.34 0.58 3.07 5.77

Source: Authors’ calculations based on published statistics (FAOSTAT 2024).

Note: The numbers presented are the difference between per capita demand for the various meat products in the selected regions between 2022 (the most recent year for 

which data are available) and a decade prior (that is, 2012). Negative values are presented in parentheses, indicating a decline in per capita demand between 2012 and 2022.
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of current socioeconomic and climate trends (Rosegrant et 

al. 2024). Developing countries will mainly drive this result, 

with per person calorie demand in this bloc increasing by 

10 percent to 2050, from 2,560 to 2,816 kcal/person/day. 

The absolute changes in food demand in lower-income 

countries are also projected to be accompanied by a sig-

nificant diversification of diets, wherein the share of cere-

als in calorie demand will decline by 4 percentage points, 

to be replaced by increases in the shares of other food 

commodities, including ASF. According to these projec-

tions, demand for ASF will increase by 20 percent in abso-

lute kcal/person/day terms in lower-income countries.

Projected future trends of ASF demand are expected 

to disrupt patterns of ASF production and distribution, 

with important environmental and social impacts in both 

high- and low-income countries (Fukase and Martin 2020). 

Livestock production systems will need to respond to 

changing ASF demand and are known to be intricately 

linked to indicators of human nutrition and health, liveli-

hoods, and the environment (Figure 1). Agricultural value 

chains are also expected to undergo significant changes 

that mirror global shifts in food demand. In low- and 

middle-income countries (LMICs), agricultural and livestock 

value chains could become more structured and import-

ant to countries’ economies (Barrett et al. 2022). Production 

and processing of ASF in LMICs may also see more rapid 

intensification in poultry, pork, and dairy than in beef sys-

tems (ILRI 2019). These changes have implications for cli-

mate and other indicators within countries facing rapid 

changes in their livestock value chains. Other studies sug-

gest that under business-as-usual trends for ASF demand 

that are not accompanied by interventions to stimulate 

increased domestic production, demand for ASF (mainly 

poultry) could increase substantially in many LMICs, includ-

ing across Africa, to outstrip domestic production (Enahoro 

et al. 2021). In this scenario, local demand for many ASF 

types could increasingly be met through imports.

Figure 1  Overview of the livestock sector’s links to nutrition, health, the environment, 
and livelihoods

Source: Adapted from ILRI (2019).

FOOD-NUTRITION-HEALTH

• Meat, milk and eggs provide protein, and essential micronutrients that may not be readily 
available in plant-based foods. They are highly valued in poor households subsisting primar-
ily on high-starch diets, for children in their first 1,000 days of life, and among nutritionally 
vulnerable populations such as children, and women of reproductive age. 

• Overconsumption of animal source foods can contribute to overweight and obesity and has 
been linked to higher incidences of non-communicable diseases.

ENVIRONMENT-HEALTH

• Livestock production contribute to more optimal use of all the planet’s biomass, exploiting 
the earth’s full ecological potential and supporting circularity in food production systems.

• Livestock are a major contributor to greenhouse gas emissions and a driver of environmental 
pollution through the land, water, and chemical use associated with producing animal feeds.

• Livestock animals and can be transmitters of zoonotic diseases that spread between animals 
and humans.

LIVELIHOODS

• Millions of producers and other value chain actors are gainfully employed in the global 
livestock sector while millions more poor households in rural and peri-urban settings and 
developing countries rely on livestock for their livelihoods and incomes.

• Livestock contributes a major share of agricultural and national income in many developed 
countries, while its importance in economic development is growing in many low-and-middle-
income countries.
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Climate and environmental impacts

The ongoing patterns of ASF demand and supply have 

been linked to climate and environmental impacts. For 

example, livestock (including feeds) production is esti-

mated to contribute 14–20 percent of total greenhouse 

gas (GHG) emissions and up to 60 percent of emissions 

related to agriculture and food systems, including from 

the processing, retail, and consumption of ASF products 

(Xu et al. 2021). Since livestock production can account 

for up to one-half of the agriculture sector’s technical 

potential to mitigate climate change (Herrero et al. 2016), 

various demand- and supply-side strategies have been 

proposed to manage the growth in ASF demand and to 

facilitate the sector’s transition toward sustainable food 

systems (Herrero et al. 2023). These include improv-

ing the management of rangelands and switching to the 

use of livestock feed options with reduced environmen-

tal impacts (for example, feed additives containing nitro-

gen to reduce ruminant methane) (Havlik et al. 2014; 

Herrero et al. 2016). Pikaar et al. (2018) projected that 

alternative animal-feed supply routes based on industrial 

production of microbial proteins can, by 2050, replace 

10–19 percent of conventional crop-based animal-feed 

protein demand, resulting in agricultural GHG emis-

sions decreases of around 6–9 percent. A different report 

showed that increased environmental optimization of feed 

compositions, a shift from beef production to more pro-

ductive systems, and land restoration could enable GHG 

emissions reductions of 34–85 percent annually without 

increasing costs (Castonguay et al. 2023).

While changes in ASF demand and production will poten-

tially influence climate change, the converse is also antic-

ipated. Anthropogenic climate change is projected to 

have major impacts on ASF production, including through 

increased heat stress in animals in both intensive and exten-

sive livestock systems, potentially affecting weight gain, 

animal yields (for example, milk), and fertility (Thornton et 

al. 2021). Thornton et al. (2022) estimated that losses from 

climate-induced heat stress in cattle could reach almost 

US$40 billion per year by the end of the century, or nearly 

10 percent of the value of production of cattle meat and 

milk in 2050. That work showed that losses due to climate 

impacts are projected to be far greater in tropical regions, 

where they are also more challenging to address, again 

highlighting the need to focus on LMICs. The effects of cli-

mate change will not be negative everywhere, however, 

and will be experienced at varying levels in different live-

stock systems and geographies (Thornton et al. 2009).

Demand-side strategies 
for climate mitigation

Although ASF intake could be increased for nutrition-

ally disadvantaged communities and among vulnera-

ble groups such as children, pregnant women, and the 

elderly (ILRI 2019; UNEP 2023), in other populations, 

where current intake is considered too high, demand-

side strategies should focus on lowering ASF consump-

tion. Proposed strategies for reducing ASF intake, where 

that is the appropriate option, include the costing of ASF 

products to reflect their negative environmental impacts 

and the substitution of animal protein in human diets with 

alternatives such as plant-based meats and cultured meat 

(Herrero et al. 2023; UNEP 2023). Studies have shown the 

potential to: (1) reduce (by up to 13.5 percent) the carbon 

footprint of US food production through dietary changes 

that reduce the number of beef animals (Mason-D’Croz 

et al. 2022); and (2) address animal welfare and environ-

mental concerns of global ASF consumption through the 

adoption of novel plant-based meat, cultivated meat, 

and fermentation-derived foods (UNEP 2023). Using a 

forward-looking quantitative analysis, Kozicka et al. (2023) 

show that a combination of strategic dietary changes and 

agricultural land restoration could lead to substantial 

reductions in global environmental impacts (for example, 

a 31 percent reduction in GHG emissions) by 2050.

The economic costs and benefits of many identified miti-

gation strategies are largely unknown, as are some social, 

environmental, and nutrition and health implications 

(Herrero et al. 2016; UNEP 2023). While studies would 

suggest that lower quantities of (for example) bioavailable 

iron and other essential nutrients make plant-based alter-

natives less suitable as substitutes for animal proteins in 

the diets of nutritionally vulnerable populations (such as 

children, women, and the elderly), very few studies have 

attempted to quantitatively measure the long-term effects 

on human nutrition and health (Alonso, Dominguez-Salas, 

and Grace 2019; UNEP 2023). It is generally accepted, 

though, that prospects for strategies such as reduction in 

the consumption of ASF are better suited to some regions 

(for example, higher-income countries) than to others 

(Herrero et al. 2023; UNEP 2023).

Wider socioeconomic impacts

Demand-induced changes in ASF production and value 

chains also interact with social and economic indicators 
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such as prices, national income, employment, and liveli-

hoods. In an analysis exploring potential future demand 

for ASF, Komarek et al. (2021) highlighted that consumer 

preferences are reducing ASF consumption in higher-in-

come countries, leading to lower prices. The lower prices 

induce increases in demand for ASF in (importing) low-

er-income countries, but also in higher-income coun-

tries, although this price response is more muted in the 

latter as higher-income consumers are less price-sensi-

tive. Results such as this suggest that price effects are still 

important in regulating global ASF consumption and can 

be important in strategies for managing environmental 

impacts. Pricing and demand-based policies will need to 

be employed with some caution (ILRI 2019; Springmann et 

al. 2017). Mason-D’Croz et al.’s (2022) analysis of the long-

term potential impacts on the US cattle industry of wide-

scale replacement of beef with plant-based alternatives 

found small positive impacts on the national gross domes-

tic product due to a more resource-efficient food system. 

Nevertheless, disruptions in agricultural supply chains 

from the adoption of plant-based alternatives could chal-

lenge the livelihoods of the more than 1.5 million people 

employed in beef value chains in the United States. Similar 

concerns arise in other countries that a shift in consump-

tion from ASF toward alternative proteins could pose 

serious threats to the livelihoods and incomes of ASF pro-

ducers, but not many studies have applied quantitative 

analyses to explore these dynamics.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Key foresight studies agree on the need to consider nutri-

tion, livelihoods, and other impacts on the poor and in 

lower-income countries associated with proposed strate-

gies to mitigate the negative impacts of high levels of ASF 

demand and production. However, it will be important to 

distinguish between impacts that would be relevant to spe-

cific actors in ASF supply chains and specific geographies 

and communities that rely on these activities, and major 

impacts for societies overall. While Mason-D’Croz et al.’s 

(2022) study on the United States indicated the potential 

for a serious challenge for those in the beef sector, particu-

larly if the simulated changes occur quickly, it did not high-

light major concerns for the overall economy. This narrative 

is not unique to the ASF sector, as it holds true in general 

for disruptions brought about by events such as the intro-

duction of major new technologies or major shifts in the 

patterns and volumes of international trade.

More work is needed in quantitative assessments of the 

future of ASF demand, production, and (local to global) 

trade, particularly with respect to economic (and non-

economic) costs and benefits, trade-offs, and the varied 

roles and effects of, for example, smallholder produc-

ers and other actors at different nodes (for example, pro-

duction, processing, retail) in animal-source food value 

chains. Major advancements in quantitative foresight 

modeling (such as the integration of different model-

ing platforms), increased availability (and effective use) 

of big data, and innovations in the use of artificial intelli-

gence are just a few technologies that may make it easier 

to quantify the multidimensional factors and trade-offs 

around ASF consumption, production, and their impacts 

in the future. These prospects hold promises for better 

decision-making in and for the livestock sector from a 

local to global scale.
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Key messages
•	 Demand for aquatic foods has increased rapidly due to population 

growth, rising incomes, and enhanced appreciation for the health 
benefits of fish. The rapid growth of aquaculture in the past two 
decades has been the key contributor to meeting the increasing 
demand for aquatic foods.

•	 Aquatic foods are nutrient-rich, generate low emissions and impacts 
on land and water, and contribute to the human health, well-being, 
and livelihoods of rural communities.

•	 The latest fish foresight studies provide multifaceted insights into 
future scenarios of technological progress, climate change, popu-
lation growth, diet transformation, urbanization, investments, and 
policy shifts in the fish sector and the potential for fish to provide 
nutrition-sensitive interventions to combat food insecurity and mal-
nutrition at the global, regional, and national level.

•	 Further foresight studies are needed to inform policymaking and 
develop a deeper understanding of the role aquatic foods can play in 
addressing the nutritional, social, and environmental food systems 
challenges while navigating the trade-offs of pursuing these differ-
ent goals.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
Food, land, and water systems are facing unprecedented 

change. Nourishing 9.8 billion people with a healthy and 

sustainable diet by 2050 and within planetary boundar-

ies is recognized as one of the biggest challenges facing 

humanity (Springmann et al. 2018; United Nations 2022). 

Aquatic foods offer significant potential in the transfor-

mation of food systems toward healthy and sustainable 

diets, sustaining livelihoods, and generating income 

for women and youth (Chan et al. 2021; FAO 2022; 

Simmance et al. 2021; Tigchelaar et al. 2022), and are 

accessible to these vulnerable populations even in the 

face of political shocks and market failures, such as those 

brought about by COVID-19 (Béné 2020). Yet the role of 

aquatic foods has been largely overlooked and remains 

remarkably absent from many contemporary food sys-

tem discussions and policies (Chan et al. 2021; Crona et 

al. 2023).

Demand for aquatic foods has increased rapidly due 

to population growth, rising incomes, and enhanced 

appreciation for the health benefits of fish consumption 

(Aung et al. 2022; Naylor et al. 2021b; Wang et al. 

2022). The rapid growth of aquaculture in the past 

two decades has been the key contributor to meeting 

the increasing demand for aquatic foods. Some 

aquaculture systems are associated with environmental 

drawbacks, highlighting the need for new approaches to 

sustainability (Le Gouvello, Brugere, and Simard 2022; 

Naylor et al. 2021a). Also, expanding production of food 

from the sea will bring co-benefits and trade-offs and 

will require national and interregional governance, as 

well as local capacity, to ensure equity and sustainability 

(Costello et al. 2020). The productivity, biodiversity, and 

carbon-sequestering functions of aquatic ecosystems 

are threatened by multiple factors, including pollution, 

the proliferation of disease outbreaks, climate 

change, competing water demands, lack of effective 

fisheries management to combat illegal, unreported, 

and unregulated fishing, habitat degradation, and 

infrastructure development and land use change 

(Long et al. 2020; Tran et al. 2022; Tweddle et al. 2015). 

Carefully managed aquatic food systems that include 

“nature-based solutions” can deliver better impacts 

on “ecological, economic, and social needs, as well as 

increased employment and food security” (Theuerkauf 

et al. 2019).

LATEST FORESIGHT 
RESEARCH
In recent years, aquatic foods have become more inte-

grated into foresight models of the agriculture and land 

use sectors. To date, fish commodities have been included 

in several partial equilibrium economic models, including 

the International Model for Policy Analysis of Agriculture 

Commodities and Trade (IMPACT) (Chan et al. 2021; Chan 

et al. 2019; Kobayashi et al. 2015; World Bank 2013), the 

AgLINK-COSIMO model (Lem, Bjorndal, and Lappo 2014; 

OECD/FAO 2021), the Global Biosphere Management 

Model (GLOBIOM), and the Common Agricultural Policy 

Regionalised Impact (CAPRI) model (Chang, Witzke, and 

Latka 2018; Deppermann et al. 2019; Heckelei et al. 2018; 

Latka et al. 2018). These economic models focus on ana-

lyzing the future supply and demand of fish by simulat-

ing the impacts of external drivers such as technological 

progress, population and income growth, and climate 

change on fish production, consumption, and trade at 

the national, regional, and global level. Some studies 

using the CAPRI model focus on simulating the economic 

impact of fisheries policies on aquafeed production and 

different fish commodities. Overall, these comprehensive 

models focus on medium- or long-term projections at the 

global and regional level. Other partial equilibrium mod-

eling approaches developed by WorldFish, such as the 

AsiaFish model (Dey et al. 2016; Tran et al. 2023; Tran et al. 

2017) and the multispecies–multisector equilibrium model 

(Tran et al. 2019, 2022), provide more disaggregated pro-

jections of the fish sector at the country level. Historical 

data, in conjunction with stakeholder consultation inputs, 

are used to generate projections that mirror past trends 

while giving direction to future projections.

Foresight analyses using the IMPACT, AgLINK-COSIMO, 

GLOBIOM, and CAPRI fish models have projected the 

future of fish supply and demand across different fish 

types around the world under various scenarios (Cardon 

2020; Chan et al. 2019, 2021; Delgado et al. 2003; Latka 

et al. 2018; Lem, Bjorndal, and Lappo 2014; OECD/FAO 

2021; World Bank 2013). Globally, nominal fish prices are 

projected to increase at a rate of between 0.8 percent 

and 1.6 percent per year over the 2021–2030 period, with 

a stronger increase in 2022, when the negative effects of 

COVID-19 on markets are expected to end (OECD/FAO 

2021). The ASEAN (Association of Southeast Asian Nations) 

region is projected to account for nearly one-quarter of 

global fish production in the coming decades (Chan et al. 
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2017). Despite the relatively fast expansion of the aqua-

culture sector, capture fisheries will remain a dominant 

fish source in the region. Compared to the rest of Asia, 

the ASEAN region exhibits remarkably high per capita 

fish consumption, more than doubling over the past four 

decades and double the world average (Chan et al. 2017). 

Africa has the lowest per capita fish consumption com-

pared to other global regions, with an extraordinary poten-

tial for growth (Chan et al. 2019). In Africa, aquaculture 

development has significant potential to contribute to the 

goal of reducing food and nutrition insecurity. However, 

Africa will continue to be a net fish-importing continent to 

fulfill the required demand, representing important oppor-

tunities for fish sector entrepreneurs (Chan et al. 2019). 

Sustained investment is important to support sustainable 

fish sector growth for food system transformation toward 

healthy diets (Chan et al. 2021). In Europe, the GLOBIOM 

model estimates that the total fish production will increase 

to 6.3 million metric tons by 2030, of which 82 percent will 

come from capture fisheries (Latka et al. 2018). Both the 

GLOBIOM and CAPRI models project that Europeans will 

consume approximately 10 million tons of fish by 2030, 

with the balance coming from imports.

Alternative scenarios of future potential risks have been 

explored through country-level foresight analysis. For 

example, disease outbreaks could considerably reduce 

future aquaculture production in Bangladesh, Egypt, and 

Indonesia (Tran et al. 2017, 2022, 2023). In addition, the 

share of fishery stocks within biologically sustainable lev-

els declined to 65 percent in 2019 due to overfishing, pol-

lution, poor management, and other factors (FAO 2022), 

resulting in stagnant or slightly declining capture fisher-

ies. Consequently, per capita fish consumption fell as con-

sumer prices rose due to the reduction in fish availability. 

Another major challenge, climate change, is likely to con-

strain a rise in aquaculture production, due to impacts on 

water quality, pH level, and salinity (Tran et al. 2022).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

The role of aquatic foods in food system transforma-

tion has remained relatively overlooked due to the lim-

ited scientific data and evidence to inform aquatic foods 

investment planning and priority setting. Compared to 

other food commodities, substantial uncertainties persist 

regarding the quantification of greenhouse gas emissions 

associated with aquatic foods. As these foods are a rela-

tively underdeveloped realm for foresight modeling, it is 

imperative to enhance the quality of modeling projections 

and incorporate these improvements for a more complete 

and accurate view of food systems. Aquatic food systems 

are highly heterogenous and complex, thus disaggre-

gated foresight modeling studies should be conducted 

to capture the diversity of trends within specific subsec-

tors at the global, regional, and national level. Such analy-

ses are important for developing intervention options for 

sustainable fishery sector development. Additional anal-

yses are needed to explore future potential for outcomes 

in additional areas of interest, such as poverty alleviation, 

nutrition, gender equity, and environmental sustainability, 

while effectively navigating trade-offs (Chan et al. 2021).
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THE FUTURE OF MAIZE VALUE CHAINS 
IN A CHANGING CLIMATE AND 
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Kindie Tesfaye Fantaye (AGRA), Kai Sonder (CIMMYT), Diego Pequeno (CIMMYT), 
Faaiqa Hartley (IFPRI), and Sika Gbegbelegbe (IITA)

Key messages
•	 Population growth, changing diets, and a rapidly growing feed sector 

are contributing to a sharp increase in global maize demand, which is 
expected to double by 2050 relative to 2010.

•	 Average global maize yield is projected to decrease by 11 percent 
under a global warming scenario of 2°C (2060–2084) relative to the 
1986–2005 period (in the absence of technological change, adapta-
tion, or market adjustments).

•	 The feed demand for maize is expected to grow faster in the com-
ing few decades, largely driven by rapid economic growth and diet 
shifts in highly populated regions in Asia, the Middle East, and 
Latin America.

•	 Meeting the growing demand for maize will require dramatic 
increases in production, marketing, use, and resilience of maize-
based farming systems.

•	 While the supply of maize over the coming decades will be con-
strained by climate change and limited availability of land and water, 
technological and policy innovations will bring new opportunities.

•	 The combined challenges of increasing food demand, persistent 
poverty and malnutrition, natural resource depletion, and climate 
change will require the world to double the productivity and boost 
the sustainability and resilience of maize-based farming systems 
within planetary boundaries.
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RECENT TRENDS AND 
CHALLENGES
Maize is the world’s most multipurpose crop and contin-

ues to be the leading global cereal in terms of production 

(more than 1.2 billion metric tons a year), area coverage 

(more than 202 million hectares), and utilization (food, 

feed, and industrial input) (Erenstein et al. 2022; FAO 

2024). Maize is produced across temperate and tropical 

zones on all continents, representing 27.6 percent of the 

global cereal area, and is grown on 12.9 percent of the 

total cropland available (Figure 1) (FAO 2024). Maize value 

chains are influenced by various global, regional, national, 

and subnational drivers, among which the following are 

the most significant.

Rising incomes, growing urban population, and 
dietary changes. Rising income levels and urbanization — 

especially in densely populated developing countries 

where dietary preferences are diversifying — are driving 

up demand for maize significantly in both the food and 

feed sectors (Grote et al. 2021). This surge in demand 

competes with alternative uses such as industrial and bio-

fuel applications. Due to the strong demand for livestock 

feed — driven mainly by dietary shifts to animal products, 

and particularly noticeable in Asia — global demand for 

maize is expected to outpace that for other major cereals 

(Erenstein et al. 2022).

Declining land and water resources and a growing 
need for intensification. Area expansion has been one 

of the means to increase maize production, particularly in 

the developing world (Cairns et al. 2021). Thus, a decline 

in the availability of land and water resources due to land 

degradation and mismanagement and constraints to 

expansion to new areas will negatively affect maize value 

chains. Land availability for future maize expansion is lim-

ited in many parts of the world, although there is per-

ceived land availability in Africa and East Asia. Even if 

new land is available, conversion to cropland will gener-

ate environmental costs in terms of increased land degra-

dation, CO2 emissions, and biodiversity loss (van Ittersum 

et al. 2016). Globally, most freshwater is withdrawn by 

agriculture, reaching up to 90 percent of the total fresh-

water use in fast-growing economies. Increasing global 

water scarcity is limiting the prospects of developing irri-

gation systems in many parts of the world’s agricultural 

lands (Grote et al. 2021). Given increasing temperatures 

and low water management capacities, future maize pro-

duction is most likely to be affected by water scarcity in 

Africa and South Asia. On the other hand, intensification 

Figure 1  Shares of cereals globally and relative to total cereal area and total cropland, 
2020–2022 average

Source: FAOSTAT.
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of maize production is expected to free existing mar-

ginal land and reduce pressure on natural ecosystems 

from agricultural conversion (Stevenson et al. 2013). 

Sustainable intensification has been found to increase 

maize yields in rainfed and irrigated systems and will 

likely be the future means to bolster both the maize sup-

ply and the nutritional diversity of maize-based farming 

systems (Grote et al. 2021).

Climate variability and change. Climate change is 

expected to strongly affect the supply, price, and nutri-

tional quality of maize due to increasing temperatures, fre-

quent extreme weather events (for example, droughts and 

floods), changing agroecological conditions (for exam-

ple, crop seasons), and shrinking suitable cultivated areas 

(Thornton et al. 2014; Grote et al. 2021; Gbegbelegbe et 

al. 2024). Moreover, climate change reduces maize pro-

duction by increasing the incidence and severity of exist-

ing and emerging diseases and insect pests (Elad and 

Pertot 2014; Cairns and Prasanna 2018; Deutsch et al. 

2018). The recent emergence of maize lethal necrosis dis-

ease (Sileshi and Gebeyehu 2021) and the fall armyworm 

(De Groote et al. 2020) in African maize systems and the 

havoc and damage these caused in the region are poi-

gnant examples of the potential consequences of cli-

mate change. In many areas of sub-Saharan Africa and 

the Indo-Gangetic Plains, climate variability accounts for 

over 50 percent of the total variation in maize yields (Ray 

et al. 2015). The negative impact of climate change and 

variability on maize yields in major exporting countries 

is expected to further destabilize global grain trade and 

international grain prices, affecting close to 1 billion peo-

ple living in extreme poverty, who are the most vulnerable 

to food price spikes (Tigchelaar et al. 2018).

Technological and digital innovations. Improved seeds 

have the potential to transform maize value chains. 

Breeding techniques that employ modern technologies 

such as gene editing and marker assisted selection, as 

well as traditional breeding, are helping in the develop-

ment of maize varieties that are resistant to heat, drought, 

disease, and pests (Cairns and Prasanna 2018; Prasanna et 

al. 2021), with significant benefits to both producers and 

consumers (Kostandini, La Rovere, and Abdoulaye 2013). 

Precision agriculture — which is gaining a foothold in much 

of the developed world, with potential expansion to the 

developing world — provides another prospective techno-

logical revolution for maize production (Grote et al. 2021). 

Digital innovations are facilitating precision maize farm-

ing in many regions, including in smallholder systems, by 

offering diverse digital solutions for smallholder farm-

ers and the food industry sector (Tsan et al. 2019). Digital 

solutions are expected to bring effectiveness, efficiency, 

and resilience to future maize value chains.

LATEST FORESIGHT 
RESEARCH
Only a few recent foresight studies address maize specif-

ically, although there are many on cereals generally. This 

chapter considers the studies of Kruseman et al. (2020), 

who looked at maize in relation to rural transformation, 

and Ignaciuk and Mason-D’Croz (2014), who included 

maize results in their modeling of adaptations to climate 

change, together with three recent studies that presented 

climate change projections on maize and implications 

for food security (Tigchelaar et al. 2018; Jägermeyr et al. 

2021; Li et al. 2022).

Employing an IMPACT (International Model for Policy 

Analysis of Agricultural Commodities and Trade) model 

with a moderate economic growth scenario across 

world economies under the drivers of population and 

income, Kruseman et al. (2020) project a near-doubling 

of global maize consumption between 2010 and 2050, 

and changes in maize utilization (food versus feed) in 

the coming years. Most of the maize in South Asia is pro-

jected to be allocated to livestock feed, increasing from 

34 percent in 2010 to an estimated 72 percent in 2050. 

The shift away from human consumption to animal feed 

is also expected to expand in other regions, such as the 

former Soviet Union, Latin America, sub-Saharan Africa, 

the Middle East, and North Africa (Kruseman et al. 2020). 

The rise in demand and dietary changes are expected 

to increase global maize prices. Simulation studies using 

the IMPACT model indicate that even in the absence of 

climate change, the real price of maize may increase by 

50 percent by 2050 compared to 2005 prices. The surge 

is attributed to increased demand for both food and 

feed, driven by the growth in population and income, 

shifts toward protein-rich diets, and increased demand 

for biofuels from the energy sector (Ignaciuk and Mason-

D’Croz 2014).

Incorporating the effects of climate change, the growth 

in global maize production is anticipated to only increase 

to 36 percent between 2010 and 2050, a consider-

able difference from the 72 percent growth expected 
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without climate change, with the impact varying across 

geographies. Maize consumption is also projected to 

decrease globally under the climate change scenario, 

while maize use patterns would remain consistent until 

2050 (Kruseman et al. 2020). Furthermore, the real price 

of maize is expected to surge by up to 30 percent in 2050, 

specifically under the most extreme climate change sce-

nario (Ignaciuk and Mason-D’Croz 2014).

Recent improved climate and crop model projections 

indicate a reduction of mean global maize productiv-

ity ranging from 6–24 percent by 2099 (in the absence 

of technological change, adaptation, or market adjust-

ments), with the impacts starting as early as 2030 

(Jägermeyr et al. 2021). By the end of the century, some 

10–74 percent of current global maize cultivation areas 

are projected to undergo yield reductions compared to 

the baseline period (1983–2013) (Jägermeyr et al. 2021) 

(Figure 2). The biggest losses in suitable maize production 

area are expected in Africa and Asia (Grote et al. 2021), 

contributing to the projected 11 percent global average 

maize yield reduction by 2060–2084 relative to 1986–2005 

(Li et al. 2022). Results from a study of two scenarios 

of warming (2°C and 4°C) show that rising instability in 

global grain trade and international grain prices under the 

warmer scenario will affect more than 800 million people 

who are already the most vulnerable to food price spikes 

(Tigchelaar et al. 2018). Given that a handful of countries 

dominate global maize production and trade, the occur-

rence of simultaneous production shocks in these coun-

tries due to rising temperatures could have tremendous 

impacts on global markets. These impacts, particularly 

increased input costs and diminished maize supplies, 

would pose severe challenges for people in developing 

countries (Tigchelaar et al. 2018).

Meeting the increasing demand for maize, adapting to 

changing diets, and addressing the impacts of climate 

change require continuous innovations across the entire 

maize value chain. This includes implementing innova-

tive policies, advancing genetic and crop management 

techniques, fostering regional market collaborations, and 

amplifying investments in research and development 

(Erenstein et al. 2022).

Figure 2  Projected global maize yield changes toward the end of the century under RCP 8.5, 
in the absence of technological change, adaptation, or market adjustments

Source: Authors based on data from Jägermeyr et al. (2021).
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KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Although foresight studies on the future of cereals in gen-

eral exist, only a few focus specifically on maize, mainly 

considering production and demand. Some research 

gaps related to maize value chains that merit further fore-

sight research include: (1) the role of maize and maize-

based farming systems in changing food systems that 

focus on nutrition, health, and inclusivity; (2) the tech-

nological, economic, and social dimensions of genetic, 

agronomic, and food fortification of maize on food and 

nutrition security, particularly in the developing world; (3) 

the impacts of the shifting maize demand from food to 

feed on the environment, nutrition, and sustainability; (4) 

the effects of climate change and extreme events on the 

quality of maize food and feed and the performance of 

maize supply chains; (5) cropland use shifts considering 

crop adaptation and profitability; and (6) the influence of 

green maize (maize used for food before it fully matures) 

on food, nutrition, and employment opportunities, partic-

ularly in sub-Saharan Africa.
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What do we know about  
THE FUTURE OF PULSES IN GLOBAL 
AND REGIONAL AGRIFOOD SYSTEMS?
Sika Gbegbelegbe (IITA), Wupe Msukwa (IITA), Swamikannu Nedumaran (ICRISAT), 
and Arega Alene (IITA)

Key messages
•	 Low- and middle-income countries (LMICs) account for about 

55 percent of global pulse production. Nearly one-half (48 percent) of 
global production occurs in 16 low- and lower-middle income coun-
tries in the drylands of South Asia and sub-Saharan Africa.

•	 The gap between pulse demand and supply is increasing in 
South Asia.

•	 Most recent foresight studies on pulses are focused on climate 
change impacts, adaptation, and mitigation.

•	 Future foresight studies on specific pulse crops should target regions 
where these pulses are important in human diets.

•	 Pulse trade should be promoted between countries that encompass 
the drylands of South Asia and sub-Saharan Africa.
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RECENT TRENDS AND 
CHALLENGES
Global production of pulses averaged around 87.7 million 

metric tons annually between 2019 and 2021, with 

39 countries accounting for 90 percent and India alone 

accounting for 27 percent of the total volume (Figure 1). 

Among the 39 major pulse producers, 8 high-income 

countries account for 17 percent of global production. 

Another 8 upper-middle-income countries account for 

18 percent of global production. Low-income and low-

er-middle-income countries account for about 55 percent 

of global production. Most of these countries encom-

pass the drylands in South Asia and sub-Saharan Africa. 

More specifically, 11 low-income countries account for 

13 percent of global pulse production; 8 of them encom-

pass drylands in sub-Saharan Africa and together account 

for 11 percent of global pulse production. Similarly, 12 

lower-middle-income countries account for 43 percent 

of global pulse production, but 8 of them encompass the 

drylands in South Asia and sub-Saharan Africa. Together, 

these 8 countries account for 37 percent of global pro-

duction (Figure 1).

Between 2000 and 2021, world pulse production 

increased by about 60 percent, while the world popu-

lation increased by about 30 percent. For the countries 

encompassing the drylands of sub-Saharan Africa and 

South Asia, population has grown by about 50 percent 

since 2000 (Figure 2). By contrast, pulse production in 

these regions doubled over the same period, although 

this growth was subject to higher variability over the 

years, as pulses here are primarily grown in low-input, 

rainfed conditions. An interesting trend is that the growth 

in the value of pulse production was slightly higher 

than that of the volume of production over the last two 

decades in South Asia, reflecting a persistent supply-

demand gap for pulses there (Figure 2). This supply-

demand gap reflects increasing scarcity, which pushes 

local prices up. Net pulse imports for South Asia stood 

at around 400,000 tons in 2000; by 2021, net imports 

had risen to about 4 million tons, equivalent to about 

14 percent of pulse production for the region.

In West Africa — which accounts for about 20 percent of 

pulse production in the countries encompassing the dry-

lands in sub-Saharan Africa and South Asia — popula-

tion increased by about 75 percent between 2000 and 

2021. In contrast, pulse production nearly tripled over 

the same period. Changes in the value of pulse produc-

tion closely followed those of the volume of pulse pro-

duction between 2000 and 2021, reflecting the region’s 

self-sufficiency in pulses. By 2021, the region’s net imports 

amounted to about 53,000 tons, equivalent to less than 

0.6 percent of its pulse production.

In East Africa — which also accounts for about 20 percent 

of pulse production in the countries encompassing the 

drylands in sub-Saharan Africa and South Asia — popu-

lation increased by about 80 percent between 2000 and 

2021, while the production of pulses more than doubled. 

Between 2000 and 2009, growth in pulse production was 

lower than that of the population for most years; from 

2010 to 2021, growth in production was generally higher 

than that of the population (Figure 2). Growth in the value 

of pulse production in the region has been slightly smaller 

Figure 1  Distribution of world pulse 
production, 2019–2021 (average)

Source: Data from FAOSTAT.

Note: LMIC-dryland: lower-middle-income countries encompassing the drylands of 

sub-Saharan Africa (SSA) and South Asia (SA); these countries are among the world 

countries accounting for 90 percent of pulse production. LMIC-other: other low-

er-middle-income countries among the world countries accounting for 90 percent of 

pulse production. LIC-dryland: low-income countries that encompass drylands in SSA 

and SA; these countries are among the world countries accounting for 90 percent of 

pulse production. LIC-other: other low-income countries among the world countries 

accounting for 90 percent of pulse production. UMIC: upper-middle-income coun-

tries among the world countries accounting for 90 percent of pulse production. HIC: 

High-income countries among the world countries accounting for 90 percent of pulse 

production. ROW: Rest of the World.
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Figure 2  Growth trends in global and regional human population, pulse production volume, 
and pulse production value

Source: Authors’ estimations using data on population from World Bank and other data from FAOSTAT.
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than the growth in volume for most years since 2000. This 

gap reflects a net surplus in the region, where pulse pro-

duction tends to exceed consumption levels. Indeed, 

East Africa has been a rising net exporter of pulses since 

2010. By 2021, its net exports amounted to 5 percent of 

its total production. A similar pattern is found in Southern 

Africa, also a net pulse exporter since 2011. As of 2021, its 

net exports amounted to 24 percent of pulse production. 

The volume and value of pulse production in that region 

more than tripled between 2000 and 2021, although 

the growth in value was slower than growth in volume 

from 2016 onward. In that region, population growth has 

been slower than that of production volume since 2000 

(Figure 2).

LATEST FORESIGHT 
RESEARCH
The latest foresight research on pulses includes 26 pub-

lications covering various regions of the world (Figure 3). 

The pulses considered include dry beans, dry broad 

beans (fava beans), dry peas, chickpeas, cowpeas, pigeon 

peas, lentils, Bambara beans, vetches, and lupins (GPC 

n.d.). All relevant studies can be classified into three 

themes: the impact of climate change on pulse produc-

tion; climate change adaptation and/or mitigation strat-

egies related to pulses; and future projections on the 

supply, demand, or supply-demand gaps for pulses.

Two studies targeted high-income countries (Europe, 

France). The other studies mainly targeted the countries 

that encompass the drylands of sub-Saharan Africa and 

South Asia. More specifically, three studies targeted East 

Africa, and two studies targeted West Africa and South 

Asia. Among the studies targeting high-income coun-

tries, one aimed to quantify the impact of climate change 

on crop suitability in Europe for common beans, broad 

(fava) beans, chickpeas, lentils, lupins, peas, and cow-

peas (Manners, Varela-Ortega, and van Etten 2021). The 

study projected that northern Europe becomes more 

favorable for pulse production, unlike southern Europe. 

The other study targeted yields of peas and broad beans 

in France; it projected increasing yields for both crops 

under most climate change models (Falconnier et al. 

2020). The studies for South Asia targeted lentils and 

pigeon peas. The study on lentils targeted a specific site/

soil in West Bengal, India (South Asia); it projected yield 

reductions of 12 percent to 31 percent by mid-century 

Figure 3  Number of pulse crop studies and 
types of pulse targeted, by world region

Source: Authors, using data extracted from literature.
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(2050s) (Chandran et al. 2022). The other site-specific 

study in northern India also projected decreasing yields 

for pigeon peas (Yadav et al. 2021). Both studies for 

West Africa were on cowpeas only, and both projected 

increases in yield and biomass under long-term climate 

change (Adusei et al. 2022; Alvar-Beltrán et al. 2023). 

Studies in East Africa targeted four pulses: dry broad 

beans, dry peas, cowpeas, and pigeon peas. A geospa-

tial study in Ethiopia found that the total amount of land 

suitable for cowpea production is projected to decrease 

slightly under climate change by the 2050s (−4.9 to 

−6.9 percent) and 2070s (−1.9 to +3 percent) compared to 

the current acreage (Kagnew, Assefa, and Degu 2021). A 

site-specific study in Kenya projected decreasing yields 

for pigeon peas under long-term climate change (Kwene 

et al. 2021). For dry broad beans, a site-specific model-

ing study in Welmera district in the Oromia Regional State 

of Ethiopia (East Africa) found mixed results on the per-

formance of early- and late-maturity varieties under long-

term climate change (Bogale et al. 2021). For mung bean 

(dry pea), a geospatial study in Ethiopia (East Africa) pro-

jected an increase (0.21 percent to 3.00 percent) in the 

land suitable for mung bean production under long-term 

climate change (Kagnew, Assefa, and Degu 2021).

In terms of climate change adaptation and mitigation, one 

study targeted all pulse crops across all regions of the 

world. It showed that legumes in general could play a sub-

stantial role in climate change mitigation if they become 

the major source of dietary protein for humans (Semba 

et al. 2021). Another study had a similar finding for lentils 

in Canada (Chaudhary and Tremorin 2020). For Europe 

and Turkey, a study used predictive learning to identify 

rust-resistant populations of lentils, which are also likely 

to remain rust-resistant under long-term climate change 

(Civantos-Gómenz et al. 2022). Two other studies targeted 

chickpeas in Iran (South Asia). The first showed that dor-

mant deeding management combined with mid-maturity 

varieties of chickpeas was a potential strategy to increase 

grain yield and water use efficiency for chickpeas in north-

west Iran (Amiri, Deihimfard, and Eyni-Nargeseh 2020). 

The other study projected increasing chickpea yields 

under climate change in Iran, and showed that the right 

combination of cultivars and management under long-

term climate change (genotype x environment x manage-

ment) could enhance yields (Amiri et al. 2021).

Future projections of supply, demand, and supply-

demand gaps targeted many pulses and all world 

regions. One study used results from IFPRI’s 

International Model for Policy Analysis of Agricultural 

Commodities and Trade (IMPACT) model to estimate 

future supply-demand gaps for targeted legumes in 

all world regions (Nigam et al. 2021). For each pulse, 

the study identified key countries and regions that 

would be most affected by a supply-demand gap by 

mid-century if mitigation policies maintain tempera-

ture and precipitation in 2050 at levels equivalent to 

the early 2000s. The authors recommended that future 

research on improved varieties should target countries 

and regions with the largest gaps. Another study pro-

jected an increasing supply-demand gap to 2025 for all 

pulses in the Assam region of India, except for two: black 

gram and peas (Barman et al. 2020). The authors pro-

posed various options for reducing the supply-demand 

gap: bringing more pulse area under irrigation; increas-

ing adoption of recommended farm technologies; and 

replacing lentils with black gram for dal (food) process-

ing. A study on pigeon peas in Oyo state in Nigeria pro-

jected slight increases in the size of pigeon pea farms 

and called for additional institutional support to pro-

mote pigeon pea production in the region (Fatokimi and 

Tanimonure 2021).

Updated results from the IMPACT model project that the 

supply–demand gap for pulses in South Asia will increase 

over the years, assuming a reference scenario involv-

ing climate change and middle-of-the-road changes in 

socioeconomic trends (Figure 4) (IFPRI 2024). The pulse 

supply-demand gap would reach 17 percent of total 

pulse production in South Asia by 2025; it would then 

continue to increase to reach about 46 percent of pro-

duction by 2050. Similarly, the pulse supply-demand 

gap in West Africa is projected to remain small up to 

2050; this opens possibilities for boosting production in 

that region to meet demand in other parts of the world. 

Southern Africa is projected to remain a net exporter of 

pulses up to 2050; however, East Africa is projected to 

become a net importer of pulses, with a widening supply-

demand gap over the years. The supply-demand gap 

in the rest of the world is projected to remain small and 

constant up to 2050. These projections do not consider 

the abiotic and biotic stresses brought on by climate 

change. Nevertheless, they highlight the importance of 

trade in filling the gap between food supply and demand 

and enhancing food security in the drylands where these 

crops are important. Increasing food production requires 

adoption of improved varieties that can increase land 

productivity coupled with improved crop management 

that reduces yield gaps.
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KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

The most obvious research gap is related to target-

ing pulse crop research toward regions where they are 

important in human diets. For example, most pulses in 

the countries encompassing the drylands of sub-Saharan 

Africa and South Asia are produced for local consump-

tion; they are not exported (Figure 2). Hence, foresight 

studies on pulses, which are important in local diets 

within these dryland areas, are required to support pol-

icies to enhance food and nutrition security in these 

regions. Between 2020 and 2022, foresight studies in 

East Africa focused on broad beans and mung beans, yet 

the most produced pulses in the region are dry beans, 

representing about 50 percent of pulse production, fol-

lowed by broad beans (about 14 percent). Similarly, in 

West Africa, cowpeas account for about 80 percent of 

pulse production, followed by dry beans (12 percent), yet 

no foresight study in this region has targeted dry beans. 

Similar mismatches exist for the other regions, including 

South Asia.

Another gap relates to some regions being neglected in 

foresight research. Thus, South Asia and East Africa used 

to be among the least studied dryland regions for fore-

sight on legume (Gbegbelegbe et al. 2021). However, 

since 2020 South Asia has become the focus region for 

this research, with five studies undertaken. It is closely fol-

lowed by East and West Africa, with four studies each. 

Conversely, Southern Africa remains the least studied 

region, with only one study conducted between 2020 

and 2022.

Future studies should also tackle the issues of trade and 

demand shifts in the dryland regions. If recent trends 

are to continue under climate change, some regions and 

countries within the drylands will experience substantial 

supply-demand gaps in the near future (Figure 2) and by 

Figure 4  Projected share of the pulse supply–demand gap in production, by world region

Source: Authors using data from IFPRI (2024).
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mid-century (Nigam et al. 2021). Future studies should 

identify tailored policies to enhance trade between dry-

land regions and encourage shifts in consumer demand. 

More specifically, some pulses that are more suitable 

for production should replace less suitable ones in 

human diets.

Future studies should also quantify the impact of cli-

mate-induced biotic stresses and weather extremes on 

pulse production to identify options for mitigating the 

negative impacts of such events. To date, no foresight-re-

lated study has analyzed the impact on pulses and adap-

tation options for the pests, diseases, and weeds related 

to climate change. Similarly, no study has assessed the 

impact of weather extremes on pulses.

This chapter was supported by the CGIAR Research Initiative on Foresight and the 

CGIAR Science Program on Policy Innovations. We would like to thank all funders who 

supported this research through their contributions to the CGIAR Trust Fund.

The authors of this chapter are Sika Gbegbelegbe, an Agricultural Economist 

at the International Institute of Tropical Agriculture (IITA); Wupe Msukwa, a 

Research Associate at IITA; Swamikannu Nedumaran, a Principal Agricultural 

Economist in the Global Research Program on Enabling Systems Transformation at 

the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT); and 

Arega Alene, an Agricultural Economist (Principal Scientist) and Program Leader for 

Foresight, Impact Assessment, and Scaling at IITA.

Related chapters on the future of food system drivers and impacts, regional and 

national perspectives, food commodities, and foresight tools are available in our 

Table of Contents.

Citation: Gbegbelegbe, S., W. Msukwa, S. Nedumaran, and A. Alene. 2025. “What 

Do We Know About the Future of Pulses in Global and Regional Agrifood Systems?” 

In What Do We Know About the Future of Food Systems?, eds. K. Wiebe and E. Gotor, 

Chapter 31. Washington, DC: IFPRI. https://hdl.handle.net/10568/175019

Photo credit: Jordi Ruiz Cirera/Panos Pictures

189

http://ww.cgiar.org/funders
https://hdl.handle.net/10568/175019
https://hdl.handle.net/10568/175019


INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE
A world free of hunger and malnutrition

IFPRI is a CGIAR Research Center

1201 Eye St, NW, Washington, DC 20005 USA  |  T. +1-202-862-5600  |  F. +1-202-862-5606  |  Email: ifpri@cgiar.org  |  www.ifpri.org  |  www.ifpri.info

Handle: https://hdl.handle.net/10568/175019

© 2025 International Food Policy Research Institute (IFPRI). This publication is licensed for use under a Creative Commons Attribution 4.0 International License (CC BY 4.0).

References
Adusei, G., M.K. Aidoo, A.K. Srivastava, J.Y. Asibuo, and 

T. Gaiser. 2022. “The Impact of Climate Change on the 

Productivity of Cowpea (Vigna unguiculata) under Three 

Different Socio-Economic Pathways.” Italian Journal 

of Agronomy 17 (4): 2118. https://doi.org/10.4081/

ija.2022.2118

Alvar-Beltrán, J., C. Dibari, R. Ferrise, N. Bartoloni, and A. 

Dalla Marta. 2023. “Modelling Climate Change Impacts 

on Crop Production in Food Insecure Regions: The Case 

of Niger.” European Journal of Agronomy 142: 126667. 

https://doi.org/10.1016/j.eja.2022.126667

Amiri, S., R. Deihimfard, and H. Eyni-Nargeseh. 2020. 

“Toward Dormant Seeding of Rainfed Chickpea as an 

Adaptation Strategy to Sustain Productivity in Response 

to Changing Climate.” Field Crops Research 247: 

107674. https://doi.org/10.1016/j.fcr.2019.107674

Amiri, S., H. Eyni-Nargeseh, S. Rahimi-Moghaddam, 

and K. Azizi. 2021. “Water Use Efficiency of Chickpea 

Agro-Ecosystems Will Be Boosted by Positive Effects 

of CO2 and Using Suitable Genotype × Environment 

× Management under Climate Change Conditions.” 

Agricultural Water Management 252: 106928. 

https://doi.org/10.1016/j.agwat.2021.106928

Barman, N., J.P. Hazarika, U. Talukdar, and N. Deka. 2020. 

“Supply-Demand Projection and Gap Analysis for Major 

Pulses in Assam.” Economic Affairs 65 (4): 619–625. 

https://doi.org/10.46852/0424-2513.4.2020.18

Bogale, G.A., G. Hadgu, G. Asefa Bogale, M. 

Mengesha Maja, and H. Gebreyohannes. 2021. 

“Modelling the Impacts of Climate Change on 

Faba Bean (Vicia faba L.) Production in Welmera 

Area, Central Ethiopia.” Heliyon 7 (10): e08176. 

https://doi.org/10.1016/j.heliyon.2021.e08176

Chandran, M.A.S., S. Banerjee, A. Mukherjee, M.K. 

Nanda, and V.V. Kumari. 2022. “Evaluating the Long-Term 

Impact of Projected Climate on Rice-Lentil-Groundnut 

Cropping System in Lower Gangetic Plain of India Using 

Crop Simulation Modelling.” International Journal of 

Biometeorology 66 (1): 55–69. https://doi.org/10.1007/

s00484-021-02189-8

Chaudhary, A., and D. Tremorin. 2020. “Nutritional and 

Environmental Sustainability of Lentil Reformulated 

Beef Burger.” Sustainability 12 (17): 6712. 

https://doi.org/10.3390/su12176712

Civantos-Gómez, I., M.L. Rubio Teso, J. Galeano, D. 

Rubiales, J.M. Iriondo, and J. García-Algarra. 2022. 

“Climate Change Conditions the Selection of Rust-

Resistant Candidate Wild Lentil Populations for In Situ 

Conservation.” Frontiers of Plant Science 13: 1010799. 

https://doi.org/10.3389/fpls.2022.1010799

Falconnier, G., A. Vermue, E. Journet, M. Christina, L. 

Bedoussac, and E. Justes. 2020. “Contrasted Response 

to Climate Change of Winter and Spring Grain Legumes 

in Southwestern France.” Field Crops Research 259: 

107967. https://doi.org/10.1016/j.fcr.2020.107967

FAOSTAT. n.d. Statistical databases on global 

crop production, value and trade. Accessed 2023. 

https://www.fao.org/statistics/

Fatokimi, E.O., and V.A. Tanimonure. 2021. “Analysis 

of the Current Situation and Future Outlooks for 

Pigeon Pea (Cajanus Cajan) Production in Oyo 

State, Nigeria: A Markov Chain Model Approach.” 

Journal of Agriculture and Food Research 6: 100218. 

https://doi.org/10.1016/j.jafr.2021.100218

Gbegbelegbe, S.D., S. Nedumaran, A. Frija, and A. Alene. 

2021. “The Future of Climate-Smart Dryland Cereals 

and Legumes in South Asia and Sub-Saharan Africa.” 

https://doi.org/10.31219/osf.io/m8ywq

GPC (Global Pulse Confederation). n.d. “What Are 

Pulses?” Accessed 2023. https://pulses.org/what-are-

pulses

IFPRI (International Food Policy Research Institute). 

2024. IMPACT Projections of Food Production, Area and 

Demand to 2050 with climate change. IMPACT model, 

version 3.4. Washington, DC.

Kagnew, B., A. Assefa, and A. Degu. 2021. “Modeling the 

Impact of Climate Change on Sustainable Production 

of Two Legumes Important Economically and for 

Food Security: Mungbeans and Cowpeas in Ethiopia.” 

Sustainability 15 (1): 600. https://www.mdpi.com/2071-

1050/15/1/600

Kwena, K.M., G.N. Karuku, F.O. Ayuke, and A.O. 

Esilaba. 2021. “Impact of Climate Change on Maize 

and Pigeonpea Yields in Semi-Arid Kenya.” In 

Environmental Issues and Sustainable Development, 

eds. S. Sarvajayakesavalu and P. Charoensudjai. First 

Edition. London: IntechOpen. https://doi.org/10.5772/

intechopen.93321

Manners, R., C. Varela-Ortega, and J. van Etten. 

2021. “Protein-Rich Legume and Pseudo-Cereal 

Crop Suitability under Present and Future European 

Climates.” European Journal of Agronomy 113: 125974. 

https://doi.org/10.1016/j.eja.2019.125974

Nigam, S.N., S. Chaudhari, K.C. Deevi, K.B. Saxena, 

and P. Janila. 2021.“Trends in Legume Production and 

Future Outlook.” In Genetic Enhancement in Major Food 

Legumes: Advances in Major Food Legumes, eds. K.B. 

Saxena, R.K. Sacena, and R.K. Varshney, 7–48. Springer 

International Publishing.

Semba, R.D., R. Ramsing, N. Rahman, K. Kraemer, and 

M.W. Bloem. 2021. “Legumes as a Sustainable Source 

of Protein in Human Diets.” Global Food Security 28: 

100520. https://doi.org/10.1016/j.gfs.2021.100520

World Bank. n.d. “Population.” World 

Development Indicators. Accessed 2023. 

https://databank.worldbank.org/

Yadav, M.K., C. Patel, R.S. Singh et al. 2021. 

“Assessment of Climate Change Impact on Different 

Pigeonpea Maturity Groups in North Indian 

Condition.” Journal of Agrometeorology 23 (1): 82–92. 

https://doi.org/10.54386/jam.v23i1.92

190

mailto:ifpri%40cgiar.org?subject=
http://www.ifpri.org
http://www.ifpri.info
https://hdl.handle.net/10568/175019
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4081/ija.2022.2118
https://doi.org/10.4081/ija.2022.2118
https://doi.org/10.1016/j.eja.2022.126667
https://doi.org/10.1016/j.fcr.2019.107674
https://doi.og/10.1016/j.agwat.2021.106928
https://doi.org/10.46852/0424-2513.4.2020.18
https://doi.org/10.1016/j.heliyon.2021.e08176
https://doi.org/10.1007/s00484-021-02189-8
https://doi.org/10.1007/s00484-021-02189-8
https://doi.org/10.3390/su12176712
https://doi.org/10.3389/fpls.2022.1010799
https://doi.org/10.1016/j.fcr.2020.107967
https://www.fao.org/statistics/
https://doi.org/10.1016/j.jafr.2021.100218
https://doi.org/10.31219/osf.io/m8ywq
https://pulses.org/what-are-pulses
https://pulses.org/what-are-pulses
https://www.mdpi.com/2071-1050/15/1/600
https://www.mdpi.com/2071-1050/15/1/600
https://doi.org/10.5772/intechopen.93321
https://doi.org/10.5772/intechopen.93321
https://doi.org/10.1016/j.eja.2019.125974
https://doi.org/10.1016/j.gfs.2021.100520
https://databank.worldbank.org/
https://doi.org/10.54386/jam.v23i1.92


What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? What do we know about 

THE FUTURE OF  
FOOD SYSTEMS?

What do we know about  
THE FUTURE OF RICE IN RELATION 
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Key messages
•	 Global rice production remained more stable than maize and wheat 

production in recent years, while rice consumption continues to 
increase, albeit at a slower pace.

•	 Rice production and consumption are projected to increase world-
wide, with Asia to continue as the world’s leading source of rice 
through 2050.

•	 Southeast Asia’s rice surplus will increase by 2040 by closing the 
exploitable yield gap by one-half.

•	 The global rice sector will experience an increasing economic surplus 
with faster productivity growth and will contribute to a decline in the 
number of undernourished children and people at risk of hunger.

•	 Demographic changes and rice trade policy reforms will be key driv-
ers of rice demand and prices in different countries.
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RECENT TRENDS AND 
CHALLENGES
Rice production increased significantly in the past five 

decades with the efforts of research centers and national 

governments (Mishra et al. 2022). Globally, rice produc-

tion was more stable than maize and wheat production in 

the past two decades. An upward trend in rice consump-

tion occurred during the same period, though growth 

slowed in recent years. Globally, about 90 percent of cur-

rent rice production and 85 percent of both consumption 

and exports are from Asia, while Africa accounts for about 

4 percent of production and 8 percent of consumption 

(USDA 2022). The world rice market remains thin, account-

ing for just 8–11 percent of global production. Rice prices 

are also more stable now than in the 1990s and 2000s.

The global rice sector faces a challenge in meeting future 

demand due to a growing population, which is expected 

to increase from 8.9 billion to 10.6 billion by 2050 (United 

Nations 2019). Such a growing population relies on 

rice for calories and nutrients, and meeting future rice 

demand requires an acceleration in productivity (Mishra 

et al. 2022). But prospects for future growth in produc-

tion are uncertain as rice is susceptible to natural disas-

ters. Furthermore, climate change is expected to have a 

serious impact on the rice sector by changing the patterns 

of droughts and floods and spreading more pests and 

diseases (Kruseman et al. 2020). Food security has also 

become more fragile since the COVID-19 pandemic, with 

some major rice-exporting countries occasionally restrict-

ing exports for food security reasons.

LATEST FORESIGHT 
RESEARCH
This brief reviews seven studies that provide forward-

looking perspectives to support improving food security, 

reducing poverty, and initiating policy reform. Using the 

IMPACT-GLOBE model, Wiebe et al. (2021) analyzed the 

global and regional impacts of a 25 percent increase in 

yield growth in rice and 19 other food crops from 2015 to 

2030 and examined the changes in the value of produc-

tion and economywide income. Perspectives on rice and 

other major cereals systems based on the IMPACT model 

were also provided by Kruseman et al. (2020). The authors 

examined the impacts of six productivity enhancement 

scenarios on rice production, consumption, cropped 

land, and per capita land availability globally and across 

regions. Using the International Rice Research Institute 

(IRRI) Global Rice Model (IGRM), Pede et al. (2024) pro-

vided projections of supply and demand of rice econ-

omies over the next three decades, while Mishra et al. 

(2024) estimated the impact of the Russia-Ukraine war on 

fertilizer prices and the impacts of rising fertilizer prices 

on rice prices and trade.

Yuan et al. (2022) focused on the impact of rice produc-

tion potential on rice surplus by 2040 in six Southeast 

Asian countries. The authors estimated the yield poten-

tial for irrigated and rainfed lowland rice and per capita 

rice demand based on the relative change in their aver-

age values between 2019–2020 and 2040. They com-

pared the current yield base scenario with continuation 

of the current yield trend and full and half closures of the 

exploitable yield gap. At a country level, Mottaleb et al. 

(2021) estimated the total consumption of rice and wheat 

and other food commodities in Uganda in 2030 using the 

Living Standards Measurement Study datasets. Their anal-

ysis simulated three scenarios based on high, medium, 

and low fertility rates of population growth. From the 

perspective of rice trade policy reform, Balié and Valera 

(2020) used the IGRM in analyzing rice tariffication scenar-

ios in the Philippines combined with higher yield and sup-

port price scenarios to quantify the potential impacts on 

prices, production, consumption, and imports by 2025.

Figure 1 displays projections of global rice production, 

consumption, cropped land, and per capita availability 

of cropped land (Kruseman et al. 2020). Under the refer-

ence scenario with climate, global rice production and 

consumption are projected to increase by 18 percent 

from 2010 to 2050 (Kruseman et al. 2020). The projected 

increase in global rice production and consumption is 

mainly attributed to population growth (Kruseman et al. 

2020). Asia is expected to be the world’s leading source of 

rice as production and consumption are expected to reach 

439 million and 427 million metric tons in 2050, respec-

tively. In the case of Africa, Kruseman et al. (2020) showed 

that the region’s rice consumption would double by 2050 

because of changing diets driven by higher income.

According to the faster agricultural productivity growth 

scenario in Wiebe et al. (2021), global gross produc-

tion value (GPV) of rice would increase by 75 percent, 

from US$95.9 billion in 2015 to US$129.2 billion in 2030. 

Because of the increase in GPV, economic surplus is 
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estimated to reach as much as US$59.3 billion in 2030, 

while the global poverty rate would decline from 

20.7 percent in 2015 to 18.8 percent in 2030. In terms of 

nutrition outcomes, Wiebe et al. (2021) estimated that 

faster productivity growth would lead to a reduction in 

global numbers of undernourished children by 361,000 

(0.3 percent) and in the population at risk of hunger by 

10.6 million (2.1 percent).

Using the IGRM, Pede et al. (2024) found that due to 

increasing population, an additional 75 million tons of 

rice will be needed in 2050 to meet global demand. The 

study noted potential in Africa, where both cultivated rice 

area (18.3 percent) and yields (55.3 percent) are expected 

to increase from 2022 to 2050. Asia is also projected to 

remain the major rice-producing region, albeit with lower 

increases in rice area (0.2 percent) and yields (8.0 percent). 

Using the same model, Mishra et al. (2024) estimated the 

impacts of increasing fertilizer prices due to the Russia-

Ukraine war. Their findings show that yields would reduce 

by 0.5 percent to 1.3 percent, which would lead to a 

7 percent to 23 percent increase in rice prices between 

2022 and 2025. The increase in world fertilizer prices may 

have reduced harvests in the short term, but since their 

peak in April 2022, urea prices have plunged sharply.

Yuan et al. (2022) showed that, if the current yield stagna-

tion in Southeast Asia continues until 2040, the self-suffi-

ciency ratio (SSR) at a regional level would decline from 1.10 

to 1.03, and the region’s rice surplus would be nearly elim-

inated. Assuming a full closure of the exploitable yield gap 

by 2040, these authors estimated a regional SSR of 1.55 

and a total rice surplus of 100 million tons. The Southeast 

Asia regional SSR would increase to 1.29, with the rice sur-

plus estimated to reach as much as 54 million tons when 

half closure of the exploitable yield gap is assumed.

In their country-level foresight analysis, Mottaleb et al. 

(2021) projected that the combined total demand for 

rice and wheat in Uganda would significantly increase 

by 2030 in line with its projected increase in income and 

population. Taking into account adjustments in per cap-

ita consumption, the authors projected that the com-

bined consumption of rice and wheat in 2030 would 

range between 3.9 million and 4.0 million tons for low 

and high fertility rates of population growth, respectively. 

Figure 1  Projected production, consumption, cropped land, and per capita availability of 
cropped land

Source: Based on Kruseman et al. (2020).

Note: MENA = Middle East and North Africa, SSA = Sub-Saharan Africa, LAC = Latin America and the Caribbean.
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Assuming constant per capita consumption, they esti-

mated that consumption of rice and wheat in 2030 would 

be in the vicinity of 1.3 million tons (low fertility) and 

1.39 million tons (high fertility).

In the Philippines, the government started implementing 

its rice tariffication policy in March 2019. Under the tarif-

fication and higher rice yield scenario, imports are esti-

mated to reach 3 million tons by 2025 (Balié and Valera 

2020), while farm and retail prices are expected to decline 

by 30.1 percent and 17.4 percent, respectively. The same 

scenario estimated that per capita and total rice con-

sumption would reach 132 kilograms and 16 million 

tons, respectively.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

The above analyses of the future of rice consumption and 

production assume the prevailing paradigm of feeding 

the world with abundant and cheap agricultural produce 

from sustained intensification. But the paradigm of agri-

cultural research in the recent decade has been shifting to 

incorporate food systems, considering economic, social, 

and environmental sustainability with food and nutri-

tion security under a climate change imperative. This has 

shifted the focus of funding for technological develop-

ment and other innovations in the food system to healthy, 

affordable, and sustainably produced food. However, 

populations in developing and emerging economies 

continue to lack diet diversity, leading to micronutrient 

deficiencies (for example, iron and zinc). Thus, foresight 

research should give considerable attention to the anal-

ysis of the future of nutritional rice varieties: low-glyce-

mic index rice, high-zinc rice, high-iron rice, and rice with 

high protein content. Existing studies on the impact of 

the increase in demand from population expansion and 

income growth are outdated and also need a fresh look.

Another major gap in foresight research is the estimation 

of impacts of existing rice trade policies currently in place 

in major rice markets, as well as trade agreements already 

set to take effect in the medium term for some countries. 

Studies also need to factor in the potential effects of dis-

ruptions caused by possible future pandemics, as well as 

more frequent natural disasters due to climate change.
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What do we know about  
THE FUTURE OF ROOTS, TUBERS, 
AND BANANAS IN RELATION 
TO FOOD SYSTEMS?
Evelyne Kihiu (CIP), Guy Hareau (CIP), Sika Gbegbelegbe (IITA), Robert Andrade 
(CIAT), Athanasios Petsakos (Bioversity International), and Arega Alene (IITA)

Key messages
•	 Root, tuber, and banana (RT&B) crops are vital for food and nutrition 

security, providing quick calories, buffering against food crises, and 
offering opportunities for gender empowerment, particularly in seed 
systems. Their resilience to adverse weather and their sustainable 
integration into diverse farming systems enhance productivity while 
minimizing environmental impact.

•	 Production and consumption of fresh and processed RT&B crops are 
projected to increase by 17 percent and 9 percent, respectively, by 
2050 in developing countries. Total RT&B production could reach 
almost 1.4 billion tons, with sub-Saharan Africa (SSA) emerging as 
the world’s leading supplier of RT&B crops.

•	 RT&Bs are mostly nontraded crops, although opportunities exist in 
some areas, such as intraregional exports of bananas from some SSA 
countries and cross-border trade of fresh potatoes between countries 
in Africa and Asia.

•	 Improving foresight research on biotic and abiotic stresses, trade, 
labor, and the efficiency of processing capacity and reducing post-
harvest losses in RT&B crops could contribute to stabilizing their sup-
ply in the developing world, lowering import reliance, and creating 
local economic opportunities.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
The food security and environmental importance of root, 

tuber, and banana (RT&B) crops continues to grow glob-

ally in the transformation of food systems. These crops 

form an important component of the global food system, 

particularly in developing countries, due to their scale of 

production and consumption (Table 1).

In Africa, RT&B crops contribute to 18 percent of the total 

food intake, with this share increasing to 40–70 percent in 

countries including the Democratic Republic of the Congo, 

Burundi, Rwanda, and Ghana. In contrast, their contri-

bution to total food intake in other regions is relatively 

modest: 4.4 percent in the Americas, 3.9 percent in Asia, 

4.3 percent in Europe, and 7.1 percent in Oceania. Given 

the agricultural challenges of the 21st century — such as cli-

mate change, rising pressure on natural resource use (land 

and water), and shifting consumer preferences — increas-

ing the productivity of RT&B crops in developing countries 

is crucial.

LATEST FORESIGHT 
RESEARCH
Global demand for RT&Bs, like other food crops, is largely 

influenced by population growth and income changes, 

while supply fluctuations are primarily driven by cli-

mate factors (Nelson et al. 2018). However, technological 

1	 Central and West Asia and North Africa (CWANA); East and Southern Africa (ESA); Latin America and the Caribbean (LAC); Southeast Asia and the Pacific, including East 

Asia (SEA); West and Central Africa (WCA); and South Asia (SA).

advances offer opportunities to mitigate these effects 

(FAO and UNFCCC 2024).

Several studies have analyzed the long-term outlook for 

RT&B crops through 2050, considering potential changes in 

population, income, and climate. These projections provide 

policymakers with critical insights into production trends 

and food security, helping to assess not only the direction 

but also the magnitude of change (Robinson et al. 2024).

Under a “middle-of-the-road” scenario — characterized 

by moderate population and income growth — alongside 

rapid climate change, Rosegrant et al. (2017) suggest that 

while average RT&B crop yields are expected to improve 

between 2010 and 2050, projected yields in 2050 will be 

lower under climate change scenarios compared to a no-

climate-change scenario. By 2050, yield reductions are pro-

jected to range from 0.5 percent for cassava in East Asia 

and the Pacific (EAP) to 28.3 percent for potatoes in sub-

Saharan Africa (SSA) compared to a no-climate-change sce-

nario. Overall, among the six CGIAR focus regions,1 yield 

projections for the RT&B crops indicate that SSA is expected 

to experience the most severe yield declines, followed by 

South Asia and Latin America and the Caribbean (LAC).

Despite the climate change challenges, RT&B produc-

tion is expected to increase in most regions, albeit at 

a slower pace under climate change. In SSA and South 

Asia, production is projected to more than double, align-

ing with anticipated growth in both harvested area and 

population. Rosegrant et al. (2017) project global popu-

lation to reach 9.2 billion by 2050, with average incomes 

increasing by over 150 percent from 2010 levels, reaching 

Table 1  Trends in area, production, and yields for RT&B crops, 1961–2022 

Area (million hectares) Production (million tons) Yield (tons/hectare)

1961–
1980

1981–
2000

2001–
2022

1961–
1980

1981–
2000

2001–
2022

1961–
1980

1981–
2000

2001–
2022

Africa 12.3 18.3 35.0 76.6 135.8 288.5 39.7 44.1 52.7

Americas 6.2 6.7 6.7 79.8 94.6 114.5 68.4 73.3 90.4

Asia 17.7 17.9 18.9 190.4 266.4 373.0 63.5 84.2 114.3

Europe 15.2 10.6 5.9 215.8 164.0 118.2 62.2 76.0 83.1

Oceania 0.2 0.3 0.3 2.3 3.3 4.6 66.3 78.5 91.8

Source: FAO (2024).
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approximately US$25,000 per person. This income growth 

is expected to exert upward pressure on food demand.

Further analysis of RT&B-specific results in Rosegrant et 

al. (2017) shows that, under a “business-as-usual” future 

scenario, RT&B crop production can reach 1.4 billion tons 

(Petsakos et al. 2019). The greatest supply and demand 

gains are expected in Africa. Under the same scenario, the 

study also suggests a 19.2 percent increase in per capita 

RT&B consumption in developing countries, with regional 

variation —15.4 percent in Africa, 6.8 percent in Asia, and 

3.4 percent in LAC — while Europe and North America 

will experience a decline of 6.9 percent. Enhancing yields 

through wider adoption of available innovations in RT&B 

crops can have significant economic and poverty reduc-

tion effects, particularly in the poorer countries of Africa 

and Asia (Pemsl et al. 2022).

These projections align with estimates by Scott (2021), 

which forecast global root and tuber crop (R&T) produc-

tion reaching 1.101 billion tons by 2050 — a 14.5 percent 

increase from 2030. The highest production increases 

are projected in SSA (rising from 294 million tons in 2016–

2018 to 449 million tons by 2050), followed by Asia and 

the Pacific (from 304 million tons to 379 million tons over 

the same period). Per capita consumption is expected to 

rise by 2 percent in SSA between 2010 and 2050, whereas 

in Asia and the Pacific, population growth is projected to 

outpace production, resulting in a 3 percent decline in 

per capita consumption.

Under a scenario of moderate economic growth, pop-

ulation expansion, and climate adaptation challenges, 

more recent updates from IFPRI’s global partial equilib-

rium International Model for Policy Analysis of Agricultural 

Commodities and Trade (IMPACT) model project global 

R&T production to reach 1,082 million tons by 2050, a 

32 percent increase from 2020. West and Central Africa 

(WCA) is expected to emerge as the world’s leading con-

sumer and supplier of R&T crops (Figure 1) (Rosegrant et 

al. 2024).

The number of people involved in RT&B-dominated agri-

food systems could more than double by the end of the 

21st century, most of it in SSA (Thiele et al. 2022). While 

the expected production increases are likely to help meet 

the growing domestic demand for RT&Bs, regional dispar-

ities in demand and supply for specific commodities even-

tually result in differences in comparative advantage and 

net trade (Scott 2021; Petsakos et al. 2019).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

While significant progress has been made in under-

standing RT&B production and trade, key gaps remain, 

offering opportunities for further foresight research. 

One critical area is the labor trade-offs associated with 

increased RT&B productivity, particularly in developing 

countries where female labor participation is relatively 

high (Gatto, Petsakos, and Hareau 2020; Palacios-Lopez, 

Christiaensen, and Kilic 2017). More hired and family labor 

will be required, competing with other on- and off-farm 

economic activities and risking the potential to increase 

drudgery. Further foresight research to improve under-

standing of these dynamics is essential for designing pol-

icies that increase adoption rates of RT&B innovations, 

enhancing both productivity and gender equity (Thiele et 

al. 2021).

Another important area is the potential for intraregional 

trade. Export-oriented production, such as cassava in 

Southeast Asia and bananas in Latin America, will most 

likely continue to grow. However, trade in other RT&B 

crops in developing countries is still a minor share of 

total production. This is true especially in Africa, where 

despite growing production, persistent seasonal supply 

and demand imbalances force countries to rely on costly 

imports from neighboring countries. Foresight analysis 

to better understand how these imbalances may evolve 

in the future could help strengthen regional trade net-

works, improve trade balances (Petsakos et al. 2019), 

promote RT&B trade — including nontraditional crops — 

and enhance food security by optimizing local produc-

tion capacities.

Climate change will impact RT&Bs and drive change of, for 

example, production suitability areas. It will also impact 

RT&B crops by increasing the variability and incidence 

of pests and diseases. Improving the speed and spatial 

resolution of foresight analysis on these biotic and abi-

otic stresses can facilitate more rapid adaptation through 

innovations and policies aimed at enhancing future pro-

duction of RT&Bs.

Finally, weak linkages between RT&B crops and Africa’s 

processing industry create supply uncertainties and 

limit value addition, particularly as urbanization changes 
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Figure 1  Regional change in total aggregate R&T demand and supply, 2020–2050

Source: Rosegrant et al. (2024).

Note: CWANA = Central and West Asia and North Africa; ESA = East and Southern Africa; LAC = Latin America and the Caribbean; SEA = Southeast Asia and the Pacific, includ-

ing East Asia; WCA = West and Central Africa; SA = South Asia; DVD = developed countries; DVG = developing countries; WLD = world.
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consumer preferences for consumption of RT&B products. 

Unlike other regions, where processing stabilizes supply 

and expands markets, Africa’s RT&B food systems remain 

underdeveloped. Strengthening and improving the effi-

ciency of processing capacity and reducing postharvest 

losses could contribute to stabilizing supply, lowering 

import reliance, and creating local economic opportuni-

ties. Expanding the focus of foresight research beyond 

demand and production to include these critical inter-

mediate elements of RT&B value chains can help inform 

targeted policy interventions, for example in RT&B seed 

systems, that can help build a more resilient and sustain-

able RT&B sector.
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What do we know about  
THE FUTURE OF WHEAT?
Gideon Kruseman (Kruseman Consultancy), Kai Sonder (CIMMYT), Diego Pequeno 
(CIMMYT), Matthew Reynolds (CIMMYT), and Aymen Frija (ICARDA)

Key messages
•	 Wheat has been and will remain a major component of diets glob-

ally. It accounts for an average of 18 percent of total energy intake 
and 19 percent of total protein intake globally. It is the primary staple 
food for 1.5 billion resource-constrained people in the Global South.

•	 Wheat represents 29 percent of the global cereals area and 
14 percent of the global cropland area. It is an important crop in most 
agricultural areas of the world except the humid tropics and is less 
prominent in sub-Saharan Africa. Compared to rice and maize, it is 
more drought- and cold-tolerant.

•	 Wheat will continue to be an important source of protein in 2050, 
even under changing diets. In meat-based diets, wheat is often part 
of animal feed. In plant-based diets, wheat is a source of protein.

•	 Climate change offers both challenges and opportunities for wheat. 
Areas previously unsuitable for wheat production may have a com-
parative advantage under climate change. Similarly, some traditional 
wheat-growing areas may become less suitable for wheat production 
under climate change, especially due to heat stress. While Jägermeyr 
et al. (2021) indicate it can be beneficial for many existing wheat-grow-
ing areas, the impacts, for example, of increased frequency and inten-
sity of heat waves, warmer night temperatures, and other weather 
anomalies are likely to counteract some of the benefits.

•	 Some of the poorer regions of the world are historically considered 
to be wheat-deficit areas and will increasingly depend on imports. 
This is a key factor in Africa, where there is less wheat production and 
wheat consumption is increasing with rising incomes.
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RECENT TRENDS AND 
CHALLENGES
The growing human population and a changing envi-

ronment have raised significant concern for global food 

security (Romanello et al. 2021). Economic develop-

ment and urbanization induce changes in diets, lead-

ing to accelerated demand for some crops such as 

wheat in some geographies, while leading to stagnating 

demand in others. Economic development, urbanization, 

and related migration also lead to rural transforma-

tion (Kruseman et al. 2020), with impacts on crop and 

technology choices in wheat-based agrifood systems. 

Unexpected events, often called “black swan events 

(Bentley 2022; Mottaleb, Kruseman, and Snapp 2022; 

Noia Junio et al. 2022) and crises exacerbate these 

trends. Wheat is the most widely grown food crop in 

terms of area, representing 29.8 percent of the total cere-

al-growing area, with 779 metric tons (MT) produced 

globally in 2022 on 219 million hectares (ha); it is also 

among the fastest-growing crops in terms of cultivated 

area (especially in sub-Saharan Africa).

Climate change significantly impacts wheat production, 

particularly in low- and lower-middle income countries, 

where rising temperatures and disease pressures reduce 

yields and quality (Pequeno et al. 2021; Zhao et al. 2017; 

Asseng et al. 2019). Currently, wheat accounts for almost 

one-third of cultivated cereal land and about one-eighth 

of total cropland.

LATEST FORESIGHT 
RESEARCH
Foresight research on wheat and wheat-based systems 

often has a distinct focus. For example, a large body of 

work looks at the biophysical aspects of wheat produc-

tion, especially in the context of climate change and cli-

mate change-induced stressors (Jägermeyr et al. 2021; 

Pequeno et al. 2021) (Figure 1). The analysis by Jägermeyr 

et al. may be overly optimistic being based on long-term 

averages, particularly for the more northerly latitudes, 

where extreme weather anomalies have already occurred 

in recent years and adversely affected wheat yields. 

Figure 1  Projected global yield changes for wheat under RCP 8.5 for the end of the century 
in the absence of adaptation, technology change, and market adjustments

Source: Authors based on underlying data from Jägermeyr et al. (2021).
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A second line of foresight research looks at the socie-

tal (social, economic, political, institutional, and policy) 

aspects of the future of wheat. In most cases, scenarios 

developed in other scientific domains are used as under-

lying assumptions. Few studies look at the interactions 

and feedback mechanisms between the biophysical and 

socioeconomic domains.

The traditional improvement rate of several important 

crops such as wheat seems inadequate to meet future 

demand (Ray et al. 2013) (see the case of Africa in Silva 

et al. 2023), reaching only 38 percent of the needed 

60 percent for wheat by 2050. Technological break-

throughs in plant breeding such as speed breeding are 

expected to enhance wheat genetic gains (Li et al. 2018; 

Watson et al. 2018). Breeding strategies must continue 

to improve upon yield-advancing physiological traits, 

regardless of climate change impacts (Guarin et al. 2022; 

Frija et al. 2021). When including the second-order gen-

eral equilibrium effects calculated with global economic 

models such as International Model for Policy Analysis 

of Agricultural Commodities and Trade (IMPACT), 

Modular Applied GeNeral Equilibrium Tool (MAGNET), 

Model of Agricultural Production and its Impact on the 

Environment (MagPIE), or Global Biosphere Management 

Model (GLOBIOM), this discrepancy is overcome because 

both producers and consumers will respond to changed 

prices associated with new market equilibria (Chaudhary 

and Hertel 2024; Rosegrant et al. 2024; van Meijl et 

al. 2024).

Many studies overlook the role of management practices 

and varietal differences in adapting to climate change 

(Gbegbelegbe et al. 2017; Frija et al. 2021). Adapting 

wheat production to climate change involves imple-

menting climate-smart agriculture (CSA) practices (Bhatt 

et al. 2016; Jat et al. 2019) and breeding climate-resil-

ient varieties (Mondal et al. 2020). Compared to rice and 

maize, wheat is better adapted to frost and water defi-

cit stress, both of which are expected to worsen with cli-

mate change.

To meet future demand under adverse conditions, such as 

declining groundwater in the Indo-Gangetic Plains, CSA 

solutions like subsurface drip fertigation in rice-wheat 

systems have shown promise, reducing nitrogen use by 

20 percent and irrigation water by 50 percent without 

yield loss (Sidhu et al. 2019). Wheat also thrives in diverse 

climates, from high daytime temperatures in Sudan and 

Egypt to moderately warm, humid winters in Bangladesh 

and Brazil. Notably, Brazil is expanding wheat production 

in the Cerrado region, albeit with environmental impacts 

through drought-tolerant varieties, aiming for self-suffi-

ciency (Noia Junio et al. 2024).

With limited progress on global greenhouse gas (GHG) 

emissions reductions, agriculture’s role in mitigation is 

growing. Innovations such as biological nitrification inhi-

bition in wheat (Subbarao et al. 2017; Leon et al. 2022) 

and nitrogen-efficient, stress-resilient varieties devel-

oped by CGIAR could significantly reduce GHG emis-

sions. Additionally, wheat’s comparative advantages may 

shift geographically. Silva et al. (2023) identify 86 million 

ha of potential new wheat-growing areas globally, includ-

ing 25 million ha in sub-Saharan Africa suitable for rain-

fed cultivation without major irrigation. Yield gaps, often 

over 50 percent, can be addressed through improved 

rotations and agronomic practices like conservation agri-

culture. In Asia, production increases are expected to 

rely more on closing yield gaps than expanding cultiva-

tion areas.

These advancements underscore the need for integrated 

approaches combining technological innovation, CSA 

practices, and adaptive breeding to ensure wheat’s resil-

ience and productivity in a changing climate.

Wheat consumption is expected to grow in countries 

such as Bangladesh, India, Nepal, and Thailand by 2050 

(Frija, Ouerghemmi, and Mottaleb 2021). Wheat is also 

expected to gain further importance as a major cereal in 

the diet of many sub-Saharan Africa countries by 2050, 

with increasing demand rates higher than those of other 

cereals (Frija, Ouerghemmi, and Mottaleb 2021). To meet 

the expected grain demand by mid-century, wheat pro-

duction must also increase (Silva et al. 2023).

Dietary shifts from cereals toward animal proteins may 

reshape the global food system in the future (Kruseman 

et al. 2021a, 2021b). Dietary change has long been associ-

ated with changes in both the degree of urbanization and 

in disposable income, where the data indicate that wheat 

in most cases is a more desirable cereal than other coarse 

grains (Kruseman et al. 2021b). Although per capita con-

sumption of global staple cereals is likely to decline in 

many countries, total demand will increase over the next 

several decades due to population growth (Rosegrant et 

al. 2024). Increased demand for quality and healthy food 

implies that the perception of wheat as a quality staple 

is on the rise in countries that are not traditionally wheat 
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Figure 2  Historical trends and projections in total demand for and production of wheat by 
region, 1961–2050 

Source: Historic trends based on FAO (2024) food balance sheets. Projections based on IMPACT model results (Rosegrant et al. 2024).

Note: Index based on 2020 total demand per region = 100. An index is used to show the magnitude and direction of change rather than focusing on actual numbers. 

CWANA = Central and West Asia and North Africa. SEA = Southeast Asia. vHICs = very high-income countries.
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consumers (Mottaleb et al. 2018a, 2018b, 2021; Frija, 

Ouerghemmi, and Mottaleb 2021). Higher incomes are 

associated with shifts from plant- to animal-based diets. In 

recent years in high-income countries, this trend started 

to reverse with the emergence of viable and more afford-

able plant-based alternatives. Some evidence suggests 

that gluten (a key protein in wheat) is likely to be an essen-

tial ingredient of affordable, high-quality, plant-based fish 

and meat alternatives (He et al. 2020; Zhang et al. 2021), in 

combination with a range of pulses. As animal-based food 

consumption is likely to be under pressure because of 

GHG emissions and other environmental concerns, wheat 

will continue to play a major role in the global human diet. 

Despite the perceived shift toward plant-based diets, 

considerable factors remain as barriers to a rapid dietary 

shift. For example, availability and accessibility as well as 

cultural, religious, social, economic, and legal consider-

ations all influence consumers’ food choices (Abe-Inge et 

al. 2023).

Figure 2 summarizes the effects of some of these issues by 

comparing historical trends to projections generated by 

the IMPACT model (Rosegrant et al. 2024). The eight pan-

els show the production of wheat in seven main regions of 

the world as well as total demand, comprising food, feed, 

seed, and industrial uses. Some of the poorer regions 

of the world are historically wheat-deficit areas and will 

increasingly depend on imports. Projections do not take 

into account the effects of the Russia-Ukraine war on key 

supplies of food commodities (Mottaleb, Kruseman, and 

Snapp 2022; van Meijl et al. 2024).

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Research on wheat in relation to climate change has 

focused on the adaptation of wheat-based systems to 

new situations and stressors. While work has been done 

on technologies that offer some level of mitigation, such 

as biological nitrogen inhibition (for example, Leon et al. 

2022), more foresight research is needed on the poten-

tial uptake of technologies that simultaneously offer adap-

tion to and mitigation of climate change. The spread of 

new diseases is a concern that could intensify with climate 

change, especially in tropical and subtropical regions 

(Pequeno et al. 2024), requiring additional research.

With climate change, the potential production areas for 

different crops, including wheat, will shift. In recent years 

wheat production in North Africa has become increas-

ingly difficult due to climate change-related stressors. 

More research is needed to identify areas with an increas-

ing comparative advantage to grow wheat. Foresight 

research is also needed to guide best agronomic, vari-

etal, and other practices for expected wheat expansion 

areas. Analysis needs to consider not just carbon diox-

ide (CO2) and changing rainfall patterns, as was done in 

Jägermeyr et al. (2021), but also scenarios that take into 

account: the negative impact on yields of warmer night 

temperatures (which influence yield variance more than 

day temperatures do, and which are increasing faster than 

day temperatures); heatwaves, which are expected to be 

more extreme and frequent; delayed rains and less even 

distribution of precipitation; and floods and untimely 

frosts. Increased CO2 does not mitigate any of the above 

and heavier rain is only useful if timely, and on soils with 

good infiltration rates.

Awareness is growing that animal-based diets have a 

strong impact on the environment. Dietary change is gen-

erally slow, but a movement toward more plant-based 

diets is likely. Foresight research is needed on dietary 

change in relation to plant-based meat products and the 

implications for wheat, as wheat is likely to be an import-

ant component of such a diet.
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Key messages
•	 Many food systems-related databases, tools, and dashboards are 

available, but to ensure these tools are useful for decision-makers, 
they must be harmonized and their sophistication increased to cap-
ture trade-offs and synergies.

•	 The Food Systems Countdown Initiative holds great potential to 
address this need, but its success will depend on several factors, such 
as filling national and subnational data gaps, ensuring countries for-
malize their commitments, translating global ambitions into national 
contexts, and integrating sectoral policies and programs.

•	 A new generation of food systems indicators must capture multifac-
eted interactions, trade-offs, and synergies by integrating observa-
tions, models, and complex system analyses with clear metadata for 
appropriate use.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
To better characterize food systems, a descriptive analy-

sis of a comprehensive set of indicators is an essential step, 

including diet, nutrition, livelihood, and environmental out-

comes, as well as potential food system determinants. It is 

challenging to comprehend food systems fully because of 

their myriad components, actors, processes, interactions, 

inherent uncertainties, and the limits of what is knowable 

and predictable within such complex systems. However, 

over the last 20 years, the ecosystem of food systems data 

and data tools has evolved into an intricate and multifac-

eted landscape characterized by a wide range of resources 

and platforms. Some platforms include searchable data-

bases, dashboards, and country and regional platforms.

To provide a few examples, the Food Systems Dashboard 

aggregates data from over 40 sources and presents 

approximately 300 indicators spanning various compo-

nents of food systems. This comprehensive tool enables 

users to describe, diagnose, and decide on actions related 

to food systems at both national and subnational levels 

(Fanzo et al. 2020). The World Bank’s Global Food and 

Nutrition Security dashboard focuses more on food crisis 

severity. Complementing these tools are specialized diet-

related resources, such as the Global Diet Quality Project 

for standardized food group consumption data collection 

and the Food Compass, which rates the healthfulness of 

foods around the world. The Food Prices for Nutrition proj-

ect has developed metrics for analyzing food price and diet 

cost data. The Food and Agriculture Organization of the 

United Nations (FAO) has a number of data platforms, the 

best-known of which is its flagship database, FAOSTAT. This 

database provides free access to a significant range of food 

and agriculture statistics for over 245 countries and territo-

ries, covering all FAO regional groupings from 1961 to the 

present. IFPRI also has several databases and related ana-

lytical tools, including the IMPACT (International Model for 

Policy Analysis of Agricultural Commodities and Trade) 

model, which combines climate, crop, and economic mod-

els to analyze future scenarios for agricultural production 

and food security, and the Food Security Portal, which pro-

vides country-level information on food security indicators.

This diverse ecosystem of data sources and analytical 

tools collectively has the potential to empower research-

ers, policymakers, and practitioners to gain deep insights 

into the multifaceted nature of food systems, facilitating 

evidence-based decision-making and policy formulation. 

However, data standardization and harmonization across 

these diverse tools (Zhou et al. 2022) and increased par-

ticipatory approaches for users of data tools are critical 

for food system transformation (Béné et al. 2024).

LATEST FORESIGHT 
RESEARCH
Foresight can take many forms, including learning from 

the past and present to inform our understanding of the 

future. Careful selection, compilation, and analysis of key 

indicators is essential not just for understanding food sys-

tems today, but also as a precondition for rigorous anal-

ysis of possible future pathways and projections for food 

systems transformation. For example, IFPRI’s IMPACT 

model can generate projections to inform decisions about 

future food systems.

The Food Systems Countdown Initiative (FSCI) is an inter-

disciplinary collaboration of researchers that emerged 

from the 2021 United Nations Food Systems Summit. 

Over a two-year process, the collaboration developed 

a comprehensive, independent, science-based frame-

work to monitor food systems that includes five themes: 

(1) diets, nutrition, and health; (2) environment, natu-

ral resources, and production; (3) livelihoods, poverty, 

and equity; (4) governance; and (5) resilience (Fanzo et 

al. 2021) (Figure 1). The FSCI then used a rigorous, multi-

stakeholder process to select 50 indicators to monitor 

change across these five themes. The 50 indicators pro-

vide a comprehensive yet concise picture of food systems 

(Schneider et al. 2022). While the FSCI does not include 

foresight data, there is potential to consider projections of 

a portion of these 50 indicators in the future.

Using this framework, the current baseline analysis of the 

FSCI indicators reveals the complex challenges in global 

food systems: no country, region, or income group exhib-

its desirable status across all indicators. These baseline 

data also highlight significant gaps (as discussed above) 

that need to be filled in order to guide action in service 

of food system transformation to meet the Sustainable 

Development Goals, and ensure that food systems con-

tribute positively to the many global goals linked to 

them (Schneider et al. 2023). The FSCI will undertake 

this research and action agenda in the coming years as 

well provide regularly updated assessments that track 
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progress from this baseline forward, including the addi-

tion of new indicators or the refinement of the current set 

of indicators as food systems science progresses.

In addition, monitoring the performance of food sys-

tems across countries requires setting clear numerical 

targets for each indicator. Target setting will allow deci-

sion-makers to use the framework as a starting point to: 

consider what changes in indicators are required at dif-

ferent scales; compare with neighboring countries; and 

forge coalitions to drive change. The choice of the specific 

numerical target values is typically: taken from the 2030 

Sustainable Development Goal Agenda and other interna-

tional agreements; drawn from the scientific literature; or 

calculated based on top-performing countries (van Vuuren 

et al. 2022). However, little consensus exists on which sci-

ence-based methods for performing such assessments are 

best across a large set of indicators, hence bringing the risk 

of cherry picking and arbitrary target setting among the 50 

indicators and potentially compromising the robustness, 

usefulness, and credibility of such assessments (Gebara 

et al. 2024). To mitigate such challenges, the FSCI aims to 

develop a standardized method that recognizes the inter-

play between global and regional targets, incorporating 

both achievable and aspirational targets across scales.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Significant progress has been made in ensuring that food 

system-related data are available, but gaps remain, includ-

ing data on links across supply chains (storage, transport, 

Figure 1  The five thematic areas of the FSCI

Source: Fanzo et al. (2021).

212



processing), food environments, livelihoods, and con-

sumer behaviors. Data availability varies across geographic 

areas and income groups and data are often available only 

in highly aggregated forms. It is particularly challenging 

to disaggregate data by geographic location at the sub-

national level. In addition to gaps in data availability, poor 

quality data (for example, sometimes only modeled esti-

mates) and other data-related challenges can make mon-

itoring food systems and assessing and implementing 

effective policy and intervention strategies more challeng-

ing. The frequency of data collection is also limited, with 

very little real-time data available across food systems 

components. Lastly, the temporal and spatial interconnect-

edness of food system data makes exploring the relation-

ships among food systems inputs, processes, outputs, and 

outcomes a challenging endeavor (Marshall et al. 2021). 

These data limitations and complexities underscore the 

need for improved research approaches.

Given these data challenges and system complexities, 

we must explore opportunities that allow researchers to 

capture the dynamic nature of food systems, including 

their feedback loops, trade-offs, and synergies (Nayak 

and Waterson 2019). Current metrics often fail to reflect 

the complex interactions within these systems, potentially 

leading to oversimplified assessments and interventions 

(Allen et al. 2019). To tackle this challenge, we call for a 

new generation of indicators built by combining observa-

tions, models, and complex system analyses. For instance, 

a systemic risk indicator could integrate real-time supply 

chain data, climate stress patterns, and economic vola-

tility to provide early warning signals, while a predictive 

health indicator might combine dietary data with local 

food environments and machine learning to identify inter-

vention points before health crises emerge.

Developing these next-generation indicators requires 

leveraging advanced models — including artificial intel-

ligence, agent-based models, econometrics, simulation 

models, and complex systems science — to innovate how 

we understand and measure food systems. While these 

models incorporate novel computational approaches, 

they must be grounded in a historical understand-

ing of how food systems have evolved. As Brooks and 

Place (2019) note, while future transformations may dif-

fer from past ones, historical patterns remain relevant 

for constructing plausible scenarios and testing assump-

tions about future changes. Such modeling approaches 

depend on integrating diverse datasets, such as satel-

lite imagery, climate data, economic indicators, health 

surveys, and logistics networks. Platforms like Dojo (Dojo 

Modeling Platform 2024) support this integration by serv-

ing as versatile platforms that allow researchers to unify 

diverse data sources and sophisticated models. By ana-

lyzing how these factors interact within such platforms, 

we can gain deeper insights into system resilience, effi-

ciency, and vulnerability while remaining cognizant of 

how past policy decisions around productivity, trade, and 

environment have shaped food systems. Critically, these 

indicators should include metadata to explicitly highlight 

guardrails for their appropriate use. For instance, Dojo 

enables users to add detailed metadata to models and 

datasets, which promotes reproducibility and ensures 

results are applied appropriately (Dojo Modeling Platform 

2024). This comprehensive approach not only enhances 

our understanding of food systems’ complexities but also 

provides clear guidance on the indicators’ applications 

and limitations.

These advancements are directly applicable to the FSCI. 

By incorporating advanced indicators and methodologies, 

the FSCI can more accurately monitor progress and iden-

tify areas needing attention. This integration presents an 

opportunity to address critical questions, such as how to 

effectively measure system resilience or assess the impact 

of policy interventions across different sectors.

However, significant gaps remain in the availability and 

accessibility of high-quality, granular data necessary for 

these advanced models. Questions about standardizing 

data formats, ensuring interoperability, and protecting 

data privacy require urgent attention. Opportunities for 

further foresight research include developing interopera-

ble platforms for data sharing, creating standardized pro-

tocols for metadata annotation, and exploring the use of 

emerging technologies like machine learning and block-

chain to enhance data security and traceability.

The set of 50 FSCI indicators is meant to be examined 

holistically to better understand synergies and trade-offs 

across different domains of food systems. In an upcom-

ing paper, the FSCI authors assess interactions across 

the indicators and find that certain governance and resil-

ience indicators have the greatest number of connec-

tions to other indicators across all food system themes, 

thus highlighting key leverage points for action (this may 

have been due to their generality) (Schneider et al. 2025). 

Whether those relationships between indicators were syn-

ergistic or antagonistic, what is certain is that the inter-

actions between indicators are context-dependent and 
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strongly influenced by policy measures taken at local or 

national scales.

While these advances in data integration and modeling 

show promise, the political context presents additional 

measurement challenges that are difficult to capture. 

Foresight analyses must become more sophisticated to 

analyze potential patterns of policy change and how poli-

tics and policies, especially in a competitive international 

environment, trigger deviations from the norm that lead 

to unpredictable trends. This shifting political landscape 

may mean that the indicators we have on hand are insuffi-

cient, and we need new metrics (along with participatory 

stakeholder consultation and engagement to review fore-

sight outcomes) to measure future food systems change. 

This approach to measurement may also mean that we 

need to incorporate historical insights into scenarios of 

the future. These scenarios should include assumptions of 

what “was” and what “is” to support what “if” type scenar-

ios for unexpected policy shocks.

By tackling these issues and fostering interdisciplinary 

collaboration, we can create a more robust framework 

that supports more effective interventions for food sys-

tem transformation.
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THE FUTURE OF FOOD DEMAND, 
PRODUCTION, AND FOOD SECURITY 
BASED ON IMPACT MODEL PROJECTIONS?

Nicola Cenacchi (IFPRI), Timothy B. Sulser (IFPRI), and Abhijeet Mishra (IFPRI)

Key messages
•	 Global food demand is projected to increase as incomes rise, and 

diets will continue shifting toward more nutrient-dense foods, espe-
cially in low- and middle-income countries (LMICs).

•	 IMPACT model projections indicate that global production for all 
agricultural commodities will increase by over 40 percent between 
2020 and 2050, driven by innovation and productivity growth, but 
resource constraints and climate change pose challenges. As with 
demand, production is projected to grow fastest in LMICs.

•	 In the coming decades, food demand is projected to outpace produc-
tion in most LMIC regions. As a result, most of these regions, with the 
exception of Latin America and the Caribbean (LAC), are expected to 
increase their reliance on imports.

•	 Increases in production and trade are expected to enhance food avail-
ability, but most LMIC regions are not on track to achieve Sustainable 
Development Goal 2.1 on ending hunger by 2030.

•	 Strengthening model integration and incorporating socioeconomic 
disaggregation will enhance IMPACT’s ability to provide more com-
prehensive insights for decision-making to address these challenges.
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What do we know about 
THE FUTURE OF  
FOOD SYSTEMS? RECENT TRENDS AND 

CHALLENGES
As global population and incomes continue to rise, 

demand for food, water, and other essential resources 

increases, placing significant pressure on agricultural sys-

tems and natural ecosystems. Rising temperatures, shift-

ing precipitation patterns, and more frequent extreme 

weather events will also affect food production and global 

supply chains, with different magnitudes of effects across 

regions and latitudes. Making the food security picture 

even more complex, geopolitical dynamics, shifts in trade 

policies, and related government interventions will influ-

ence access to markets, input costs, and the stability of 

the food supply.

Given these complex and interconnected challenges 

and uncertainty, scenario analysis using the International 

Model for Policy Analysis of Agricultural Commodities 

and Trade (IMPACT) provides a crucial tool for assess-

ing the potential scale and severity of future food system 

challenges and opportunities to address them. IMPACT 

is a system of models in which water, land use, crop, and 

value chain models are all linked to a core partial equilib-

rium multimarket economic model of global production, 

trade, demand, and prices for agricultural commodi-

ties. The modeling system also integrates projections of 

future changes in technology (drawing on the expertise 

of CGIAR scientists and other experts around the world) 

as well as in climate, population, and gross domestic 

product (Robinson et al. 2015; Eyring et al. 2016; K.C. et 

al. 2024).

By simulating different futures under alternative socio-

economic, environmental, and policy conditions, the 

model helps researchers, policymakers, and stakehold-

ers: identify vulnerabilities; evaluate adaptation strat-

egies by weighing their synergies and trade-offs; and 

develop informed, evidence-based policies to enhance 

resilience and guide the sustainable transition of global 

food systems.

The results presented here (and in the other chapters in 

this volume) are based on IMPACT release v3.4 (Rosegrant 

et al. 2024). They show the model projections for agricul-

ture demand, production, net trade, and food security 

1	 The names and acronyms used here for LMIC regions follow the CGIAR classification (https://www.cgiar.org/research/cgiar-regions/).

under a business-as-usual scenario characterized by mid-

dle-of-the-road population and income growth (SSP2) 

taken from the Shared Socioeconomic Pathways (SSP) 

database (Riahi et al. 2017) and a radiative forcing coded 

in the Representative Concentration Pathway 7.0 (RCP 7.0) 

downscaled using the IPSL-CM6A-LR global circulation 

model from climate scenarios produced by the Coupled 

Model Intercomparison Project–Phase 6 (CMIP6) (Eyring et 

al. 2016).

Baseline projections like these provide a starting point for 

analysis of the possible alternative policy and investment 

scenarios noted above and also underlie some of the find-

ings in the other chapters of this volume. While we touch 

on growing demand, trade, nutrition, climate, and agricul-

tural investments below, more details can be found in the 

corresponding chapters on animal-source foods, trade, 

diets and nutrition, and innovation. Similarly, dedicated 

chapters on LMIC regions add nuance and clarification to 

the regional results illustrated here.

LATEST FORESIGHT 
RESEARCH
Based on IMPACT projections, global demand for food 

commodities is expected to grow faster than popula-

tion between 2020 and 2050, with a more rapid increase 

in LMICs compared to HICs (Figure 1). Incomes are pro-

jected to grow at about 3 percent per year, and — in 

accordance with Bennet’s law — diets shift toward nutri-

ent-dense foods, including more fruits and vegetables, 

processed foods, and animal-source foods. Cereals as a 

share of total average diet are projected to decrease by 

4 percentage points globally by 2050, and by 5 percent-

age points across LMICs, due to slower demand growth. 

Demand for animal products is projected to grow by 

over 60 percent in LMIC regions,1 a growth rate five times 

faster than in the rest of the world. Meat production is 

projected to double in East and Southern Africa (ESA), 

West and Central Africa (WCA), and South Asia (SA) by 

2050; however, per capita consumption levels in LMICs 

will remain less than one-half of those in high-income 

countries (HICs). In HICs, demand for cereals is saturated 

by 2050, but not for oils and sugar, highlighting concerns 

about health impacts.
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On average, demand for fruits and vegetables and oils 

and sugars will also grow by close to 50 percent, glob-

ally as well as across LMIC regions. In particular, the 

growing demand for processed foods is revealed by the 

increase in production of oil crops: by 2050, production 

is expected to grow by more than 80 percent in WCA 

and by 70 percent in Southeast Asia and the Pacific (SEA). 

Production of fruits and vegetables is projected to double 

in SA and ESA, while WCA and Central and West Asia and 

North Africa (CWANA) are projected to see increases of 

over 70 percent by 2050.

Baseline projections indicate that aggregate global 

food production will grow by about 44 percent 

over 2020 levels by 2050 to keep up with demand. 

Production and demand are projected to grow more 

rapidly in LMICs, particularly in Africa, than in HICs. By 

2050, the baseline scenario shows crop production over 

80 percent greater in ESA, 60 percent greater in WCA, 

and more than 50 percent higher in LAC and CWANA. 

In comparison, crop production in HICs is expected to 

grow by about 30 percent on average between 2020 

and 2050.

In most regions, productivity growth is expected to be 

the primary driver of increased agricultural production, 

driven by investments in R&D, efficiency gains, and mech-

anization (Figure 2). However, when accounting for water 

constraints and the projected rise in weather variabil-

ity and extreme events—particularly affecting crop pro-

duction in equatorial regions (Heikonen et al. 2025) — the 

agriculture sector is expected to require an additional 

170 million hectares of cropland globally to meet demand 

by 2050. Notably, 95 percent of this cropland expansion is 

projected to take place in LMICs, especially in ESA, LAC, 

and WCA.

Despite the increase in production, demand for food 

commodities is estimated to be larger and grow faster 

than production across LMIC regions. As a result, all 

regions except LAC will rely increasingly on imports, and 

LMICs as a group will be a net importer for all major food 

groups (Figure 3) (see additional details in the trade chap-

ter). A greater volume of trade is essential to respond to 

geographic shifts in production and demand, while also 

adapting to the impacts of shifting weather patterns as 

well as demographic and income changes. Global trade 

Figure 1  Population growth and demand growth (by food group) between 2020 and 2050, 
world and aggregated LMICs and HICs

Source: Extended results from Rosegrant et al. (2024).

Note: Indexed values, 2020 = 1. LMICs = low- and middle-income countries; HICs = high-income countries.
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volumes are projected to more than double by 2050, 

but subject to considerable uncertainty, depending on 

changes in trade policies.

Larger trade volumes, along with greater production, are 

projected to increase food availability and raise the aver-

age per capita calorie availability across LMICs by 265 

kilocalories (kcal) between 2020 and 2050, an increase of 

10 percent. Globally, average dietary energy consump-

tion is projected to increase by about 8 percent, to nearly 

3,000 kcal per capita per day. As a result, the global pop-

ulation at risk of hunger is projected to decline by over 

200 million (over 30 percent from 2020 levels). A decrease 

is projected across all regions except CWANA, with the 

largest improvements in SA, where over 130 million fewer 

people will be at risk by 2050 (Figure 4). The share of pop-

ulation at risk also declines for the group of LMICs, but not 

fast enough to reach the 5 percent threshold in 2030 and 

achieve SDG 2.1.

Despite progress, a business-as-usual trajectory under 

moderate climate change is projected to leave almost 

450 million people at risk of hunger by 2050, with about 

one-half of that total equally distributed between ESA 

and SA. The challenge will be to find affordable and 

more efficient and equitable ways of increasing access to 

food worldwide.

At the same time, improving the nutritional content of 

diets will be essential to counteract current trends in obe-

sity as well as micronutrient deficiency (Costlow et al. 

2025; Beal et al. 2017). While our projections suggest a 

decline in micronutrient deficiency, the availability of dif-

ferent nutrients is expected to be influenced by changing 

dietary preferences, fluctuating prices and incomes, and 

the rising concentrations of atmospheric carbon dioxide 

(Beach et al. 2019) (see the chapter on diets and nutrition). 

Healthier diets are also likely to be less “tradable,” as they 

require greater consumption of foods that may be more 

expensive, perishable, and harder to transport or store. 

Therefore, agricultural investments focused on boosting 

local productivity are going to be critical. Additional agri-

cultural investments in infrastructure and R&D have the 

potential to speed up the progress (Sulser et al. 2021).

Figure 2  Percentage change in yields and harvested area between 2020 and 2050, by world, 
LMIC region, and aggregated LMICs and HICs

Source: Extended results from Rosegrant et al. (2024).

Note: CWANA = Central and West Asia and North Africa; ESA = East and Southern Africa; LAC = Latin America and the Caribbean; SA = South Asia; SEA = Southeast Asia; 

WCA = West and Central Africa; LMIC = low- and middle-income countries; HIC = high-income countries; WLD = world.
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Figure 3  Net trade between 2020 and 2050

A Net trade - LMIC regions - all commodities

B Net trade - LMICs - by food group

Source: Extended results from Rosegrant et al. (2024).
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KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

The IMPACT modeling system links climate, water, and 

crop models to support the integrated study of future 

changes in population, income, diets, technology, natu-

ral resources, and climate, allowing for in-depth analysis 

of a variety of critical issues of interest to policymakers. 

IMPACT has been adapted over time to augment its 

capacity to address different issues of interest, such as 

water, climate change, and biofuels, among others. We 

highlight here a few themes currently in focus for the 

modeling framework, though many other topics are under 

development. Links between IMPACT and the global 

dynamic computable general equilibrium (CGE) model 

(GLOBE) further enhance analyses by allowing research-

ers to explore how investments or shocks in the agricul-

ture sector may influence broader economic outcomes at 

national and regional levels and how that feeds back on 

incomes, an important driver in IMPACT. The interlinkage 

between these two modeling frameworks (partial equi-

librium and general equilibrium, respectively) can be 

increased in a number of ways. For example, labor mar-

kets and other factors of production (such as inputs like 

fertilizer) are heavily influenced by the broader economy, 

as modeled by GLOBE, and are crucial for agriculture sec-

tor dynamics, as modeled by IMPACT.

The rising demand for protein highlights the need for a 

deeper understanding of livestock and fish production, as 

well as an exploration of future demand dynamics. Direct 

climate effects on animal-source foods are relatively 

understudied compared to crops, and developing a glob-

ally consistent knowledge base for the effects of climate 

change on animal productivity is crucial. Advancing this 

area will require both enhancements to the IMPACT mod-

eling framework and stronger linkages with other analyti-

cal approaches, particularly for assessing herd dynamics, 

economic implications, and nutritional outcomes under 

different management strategies.

The recent link with a novel land-use model has expanded 

IMPACT’s capacity to evaluate how the global food system 

Figure 4  Population at risk of hunger, by world and LMIC region, in 2020 and 2050

Source: Extended results from Rosegrant et al. (2024).

Note: WLD = world; CWANA = Central and West Asia and North Africa; ESA = East and Southern Africa; LAC = Latin America and the Caribbean; SA = South Asia; SEA = South-

east Asia; WCA = West and Central Africa.
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and shifting weather patterns influence the distribu-

tion of cropland and natural habitats. While this allows 

exploration of questions around agricultural expansion 

and encroachment on specific natural habitats, full feed-

back between the land use model and IMPACT is still 

under development.

Relatedly, increasing efforts are being directed toward 

disentangling the impacts of weather variability and 

extremes alongside long-term climate trends. Further 

work is envisioned to disaggregate results by income 

class, gender, and rural and urban populations, as well 

as to conduct more granular subnational analyses. These 

refinements will not only improve our ability to explore 

alternative futures but will also strengthen the evidence 

base for policymaking, fostering more informed dialogues 

about productive, sustainable, and resilient solutions.
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THE FUTURE OF  
FOOD SYSTEMS? What do we know about 

THE FUTURE OF  
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What do we know about  
THE FUTURE OF FORESIGHT MODELING 
RELATED TO FOOD SYSTEMS?

Keith Wiebe (IFPRI), Aline Mosnier (FABLE, SDSN), Daniel Mason-D’Croz (Cornell 
University), Athanasios Petsakos (Bioversity International), Johannes Svensson 
(BC3, IDDRI), and Monika Zurek (University of Oxford)

Key messages
•	 “Foresight modeling” is thinking about the future using a simplified 

representation of reality to inform choices we make today.

•	 Quantitative foresight modeling is increasingly used to inform 
decision-making related to food systems by analytically exploring 
alternative possible futures in a world that is becoming more com-
plex and uncertain.

•	 Foresight modeling is improving in coverage and resolution, but vari-
ous technical and institutional challenges remain.

•	 Artificial intelligence can help gather and synthesize information to 
improve foresight modeling, but it cannot replace the role of human 
expertise and foresight in testing assumptions and helping to shape 
the future.

•	 To be most effective, quantitative foresight modeling needs to be 
better linked with qualitative foresight approaches and comple-
mented by engagement with decision-makers in an ongoing and sys-
tematic process.

CHAP TER 37

223

https://hdl.handle.net/10568/175019
https://hdl.handle.net/10568/175019


RECENT TRENDS AND 
CHALLENGES
Food systems are inherently complex, involving biophysi-

cal and socioeconomic processes and interactions among 

the choices made by more than 8 billion people every 

day. It is impossible to measure and analyze all aspects of 

food systems, but it is possible to know quite a lot about 

some aspects and critical to understand their key features 

and how they are changing. As shown in this book, fore-

sight modeling can help us do that.

Foresight modeling may sound like a mysterious and com-

plicated process, but if you have ever asked a question 

starting with the words “What if…”, you have used fore-

sight. And if you have ever formed an opinion or drawn a 

conclusion based on incomplete information (which is what 

we all do, most of the time), you have used a model. Simply 

put, foresight is thinking about the future to inform choices 

we make today. And modeling is using a simplified repre-

sentation of an object or a process to better understand it.

In this sense, we all use mental models implicitly, and all 

foresight involves modeling in some way. Farmers have 

used informal foresight models since the dawn of agri-

culture — including each time they make a decision about 

what, where, and when to plant a crop that will be har-

vested weeks or months later. Their models are based on 

past experience as well as assumptions about weather 

and market conditions in the future.

Foresight modeling can be simple or complex, subcon-

scious or deliberate, implicit or explicit, and qualita-

tive or quantitative, depending on the question at hand. 

Deciding whether to take an umbrella when you leave the 

house in the morning is a relatively simple foresight mod-

eling exercise, based on looking out the window or at the 

weather forecast on your mobile phone. The weather fore-

cast on your phone, on the other hand, is the result of very 

complex and sophisticated modeling. Similarly, the future 

of food systems involves the interaction of complex bio-

logical and physical processes (including weather) as well 

as social and economic processes (including the choices 

we make about what we eat and how we produce it). 

Understanding the future of food systems thus requires 

complex foresight modeling (Wiebe et al. 2018).

In recent years, food systems have become larger and 

more complicated in some ways (including the growing 

volume of production and complexity of global value 

chains), even while becoming simpler in other ways 

(including the increasing scale of production and focus on 

fewer major commodities in many areas). Over the same 

period, more formal foresight models have been devel-

oped to better understand food systems and how they 

may change in the future. These models vary in approach, 

complexity, and time horizon (Figure 1). Qualitative mod-

els may be based on structured dialogue with stakehold-

ers about alternative future scenarios, usually resulting 

in a set of “storylines” about how various scenarios may 

unfold. Quantitative models include both statistical mod-

els that analyze historical data and simulation models 

that draw on historical patterns and explore how they 

might change in the future. These simulation models 

include specialized models, focused on specific biophys-

ical and socioeconomic aspects of food systems, and are 

sometimes linked in integrated modeling frameworks. 

Foresight exercises often draw on both qualitative and 

quantitative models to bring together their complemen-

tary strengths.

Quantitative models are based on explicit assumptions 

about the model’s components and how they interact with 

each other. This is sometimes seen as a weakness of these 

models, but it is actually their strength, because it makes 

those elements transparent and allows the assumptions to 

be tested — and changed if desired. (If someone does not 

make explicit assumptions about some things, it does not 

mean those things are not important. It just means that 

person has made implicit assumptions — for example, that 

those things do not change, or that they are not relevant. 

In fact, that person is using an implicit model, possibly 

without realizing it.)

These simplifying assumptions mean, as statistician 

George Box (1976) once wrote, that all models are “wrong” 

in that they do not capture reality completely or perfectly. 

(Box may have been writing about statistical models, but 

the same is true, by definition, for all models.) But as Box 

also noted, some models are still useful — specifically if 

they capture the features of an object or system that are 

essential for considering a particular question and omit 

features that are not relevant for that question.

No single model can capture all aspects of food systems, 

and indeed some aspects may not be captured by any 

model. But different models can be linked in various ways 

to capture multiple aspects of food systems. This chapter 

focuses primarily on economic simulation models linked 
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to other types of models that together capture some of 

the main features of food systems, including changes in 

population, income, technology, climate, land and water 

use, crop growth, diets, and health. By bringing together 

expertise about these different components of food sys-

tems, such modeling systems can help test assumptions 

and hypotheses about how food systems work, how they 

may change over time, and how the choices we make 

today can help direct those changes toward desirable out-

comes in the future.

LATEST FORSIGHT 
RESEARCH
The past several decades have seen rapid growth in the 

development and use of biophysical and socioeconomic 

models to analyze various aspects of food systems. Many 

of these modeling systems have been further refined over 

the past decade through collaboration initiated as part of 

the Agricultural Model Intercomparison and Improvement 

Project (AgMIP). Among the global economic mod-

els involved in this collaboration are the AIM model 

developed by the National Institute for Environmental 

Studies (Japan), the CAPRI model developed by the 

Joint Research Centre of the European Commission, the 

ENVISAGE model developed originally at the World Bank, 

the GLOBIOM model developed by the International 

Institute for Applied Systems Analysis (IIASA), the IMPACT 

model developed by the International Food Policy 

Research Institute (IFPRI), the MAGNET model developed 

by Wageningen University & Research, and the MAgPIE 

model developed by the Potsdam Institute for Climate 

Impact Research. Other models used to analyze aspects 

of food systems include the EPPA model developed by 

the Massachusetts Institute of Technology and the GTAP 

model developed by Purdue University.

While these modeling systems share a general aim in 

exploring how food systems are changing, they also dif-

fer in important ways, depending on the specific purpose 

for which they were designed. Some focus on agricul-

ture and food, while others incorporate other sectors of 

the economy. Some focus on global and regional scales, 

while others offer more detail at the national or even sub-

national level. Some offer greater detail on commodity 

production, trade, and diets, while others provide deeper 

analysis of land, water, energy, employment, income, or 

other indicators.

Figure 1  Foresight models include a wide variety of approaches and time horizons

Source: Authors’ construction.
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These models typically incorporate possible future 

changes in population, climate, and other factors as 

inputs from other modeling efforts, which enter these 

economic modeling systems as assumptions. These 

assumptions help define scenarios that may also reflect 

broader storylines about alternative possible futures (for 

example, a future characterized by slower population 

growth, increased investment in sustainable technologies, 

or more fragmented trade relations). These assumptions 

are then tested and their impacts compared in the context 

of dynamic economic relationships among production, 

trade, and consumption of different food and other com-

modities in different regions and over time.

While research in this area has expanded rapidly over the 

past decade, a few examples illustrate how these model-

ing systems can be used to explore key features of food 

systems. Using 10 global economic models, Valin et al. 

(2014) found that socioeconomic factors will have a big-

ger effect on global food demand than climate change in 

2050. Nelson et al. (2014) analyzed results from 9 global 

economic models, 2 climate models, and 5 crop mod-

els to examine impacts of climate change on crop yields, 

area, production, prices, trade, and consumption. Wiebe 

et al. (2015) conducted a similar study with additional sce-

narios, finding that yield impacts increase at high emis-

sions levels and vary with changes in population, income, 

and technology, but are reduced in all cases by endoge-

nous changes in prices and other variables.

Further exploring interactions within food systems, 

Hasegawa et al. (2018) examined trade-offs among dif-

ferent policy goals, finding that climate mitigation poli-

cies need to be carefully implemented to avoid adversely 

affecting global hunger, particularly in sub-Saharan Africa 

and South Asia. Van Zeist et al. (2020) compared projec-

tions of future yields from five global economic models, 

finding that significant potential for further yield growth 

remains even in 2050 in some regions, particularly sub-

Saharan Africa. Van Dijk et al. (2021) analyzed 57 studies 

projecting future global food demand and risk of hunger 

and found that most projected an increase in demand of 

45–56 percent between 2010 and 2050. Rosegrant et al. 

(2024) used the IMPACT model to analyze how climate 

change will affect food security in different regions in 

2035 and 2050 under multiple socioeconomic and climate 

scenarios. Most recently, 10 global economic models, as 

well as multiple input–output and optimization models, 

have been used to explore the impacts of dietary change 

on planetary boundaries and other food systems metrics, 

including livelihoods and incomes — and how policies and 

investments can help shape those outcomes — as part of 

the EAT-Lancet 2.0 Commission report (Rockström et al. 

forthcoming) and related background studies.

Foresight modeling studies like these have been used to 

inform policy and investment decisions by national gov-

ernments, aid agencies, multilateral development banks, 

and private foundations, as well as intergovernmental 

processes like the Intergovernmental Panel on Climate 

Change. In addition to the global and regional models 

and studies noted above, country-level models such as 

IFPRI’s RIAPA model are playing an increasingly import-

ant role in informing national governments (particularly 

in low- and middle-income countries) about impacts and 

policy options related to short- and medium-term shocks 

such as COVID-19 (Pauw et al. 2021) and the Russia-

Ukraine conflict (Arndt et al. 2022). Many of these mod-

els include details at subnational levels, but they are most 

often used to explore interactions and challenges at 

larger scales.

KEY GAPS AND 
OPPORTUNITIES FOR 
FORESIGHT RESEARCH

Foresight models have evolved from an initial focus on 

commodities and production to capture more food sys-

tems features related to livelihoods, incomes, diets, 

health, natural resource use, the environment, and cli-

mate. Further attention to socioeconomic differences in 

access to resources and opportunities, biophysical differ-

ences in resource conditions, and spatial differences in 

both of these dimensions can help better target both the 

results provided by foresight modeling and the policy and 

investment choices made by decision-makers.

Different models are needed to address different ques-

tions, but end-users may find it difficult to make an 

informed choice about which models to use. Moreover, 

it can be challenging to find a model that can pro-

vide results for countries with small economies or ter-

ritories (Mosnier et al. 2023). The FABLE Consortium, 

the Deep Decarbonization Pathways initiative, and the 

Foresight4Food (F4F) initiative are now developing a 

simple, collaboratively produced, and publicly accessi-

ble tool to help end-users identify the models that are 
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best suited for their purposes. Three criteria guide this 

selection. First, can the model represent the actions the 

users want to test and the outcomes they want to observe 

before and after the implementation of these actions? 

Second, can the model produce results at the geographic 

scale required? And third, what is needed to access the 

model and how easy is it to adapt it? The tool is built upon 

a detailed database that includes different types of sim-

ulation models (not only economic models) that are rele-

vant for food systems foresight. The database is currently 

being expanded by including more models, by captur-

ing recent developments of models already included, and 

by adding more criteria to improve the tool’s capacity to 

guide the choice of models.

Looking beyond existing models, artificial intelligence 

(AI) offers considerable potential but also risks in rela-

tion to foresight modeling of food systems. In planning 

for the future, as in understanding the past, we want to be 

informed by the best available evidence. Collecting data 

has historically been a challenge, but today we live in a 

world saturated by data, to the point that processing and 

interpreting that data is as much of a challenge as gath-

ering it. While quantitative foresight models offer a tool 

to process such complex information, this complexity can 

also make these models difficult to use. AI approaches 

increase our capacity to collect and synthesize informa-

tion from a wide spectrum of sources, which could help 

improve the representation of complex systems in quanti-

tative foresight models, increase the speed at which these 

models can be updated and validated, identify previously 

overlooked relationships, and inform the development of 

a broader range of relevant scenarios. Machine-reading 

and learning approaches, for example, can speed up the 

process of reviewing previous research to find key coef-

ficients and relationships to parameterize model behav-

ior (Brandtner and Mates 2021; Ködding et al. 2023). AI 

approaches could also help summarize and simplify the 

results of quantitative foresight models, making it easier 

to communicate them to a broader audience, including 

decision-makers and other stakeholders.

Despite these opportunities to improve foresight model-

ing, AI approaches are unlikely to replace human exper-

tise entirely. First, the systems we are interested in are 

complex and ultimately chaotic, and increased data 

will not be able to fully eradicate uncertainty (Geurts 

et al. 2022; van der Sluijs 2005). If not applied carefully, 

AI can contribute to overconfidence in our knowledge 

of complex systems, increasing the risk of unintended 

Figure 2  Foresight modeling is part of a larger process to inform decision-making

Source: Adapted by the authors from Wiebe et al. (2018)
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consequences (Mason-D’Croz et al. under review; 

Suckling et al. 2021; De Zwart 2015). Second, AI applica-

tions are not perfect, and as they are often black boxes, 

they can introduce errors and biases in opaque ways 

(Chen 2023; Vicente and Matute 2023). As a result, human 

expertise will be critical in responsible AI use to assess the 

quality of data used by AI as well as the design of AI appli-

cations. And finally, while AI may help improve our ability 

to understand past trends and forecast future ones, ulti-

mately foresight goes beyond trying to predict the future; 

it is about helping shape and define the future. Defining 

the future is not just about preparing for what will come, 

but also deciding which futures we want to achieve or 

avoid. That requires answering fundamental questions 

about what we care about most, which AI cannot do 

for us.

While foresight modeling tools continue to be improved, 

experience has shown that they are most useful as part of 

an iterative process that also includes qualitative foresight 

approaches to engage with decision-makers and other 

stakeholders, while recognizing that results from fore-

sight exercises are themselves part of a larger set of fac-

tors that influence decision-making (Figure 2). This linkage 

improves effectiveness in multiple ways, including before 

and during the modeling stage by informing the framing 

of the scenarios and the modeling assumptions, and after-

ward by ensuring that the results are accessible and useful 

for decision-makers.

As noted at the beginning of this chapter, we all use mod-

els implicitly, whether we realize it or not. But understand-

ing food systems and exploring options to improve them 

in the future requires more formal foresight modeling. 

The goal is not for everyone to become quantitative fore-

sight modelers, and certainly not for all decisions to be 

made by such models. It is important, however, to help 

decision-makers think more like modelers — that is, to 

identify the key features of food systems that are import-

ant for particular decision-making contexts, to be explicit 

about the assumptions that are made about those fea-

tures in a complex and uncertain world, and to be willing 

to test — and if necessary, change — those assumptions to 

better understand the likely future impacts of choices we 

make today.
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