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Executive Summary

Introduction

A large share of the global population today is food insecure, with 10.9 percent of the
global population undernourished in 2019 and 23.0 percent of children under five affected
by stunting. Safe and affordable access to a diverse, nutritious diet is a basic human need and human
right, and food security is embedded in the much broader concept of human development, with linkages
to economic growth, household income, environmental sustainability, inequality, child mortality,
education, and access to safe water and sanitation. Evaluating progress toward eradicating food
insecurity requires not only quantifying food security today but assessing the future of food security
over the next decades.

The COVID-19 pandemic has already changed existing patterns of food security, but we
have limited understanding of how this global crisis may affect food security in the future.
Historically, economic, environmental, and conflict-related crises tend to worsen food security directly,
with measurable lasting, sometimes cascading, effects over time. The COVID-19 pandemic is unlikely to
be an exception. Initial estimates suggest that 83 to |55 million more people around the world became
undernourished in 2020, and child undernourishment and child mortality also rose dramatically. Studies
so far have provided little information on the expected magnitude and pathways of the pandemic’s long-
term impact on food security.

Methodology

In this report we use a scenario approach to assess how COVID-19 may affect food security
for the next two decades, mapping potential effects of the pandemic in 185 countries to
the year 2040. We use the International Futures (IFs) model, a global integrated assessment tool, to
operationalize scenarios related to the impact of COVID-19 on development. We use these scenarios
to quantify the potential range of food security impacts both globally and across ten regions of the
world.

We develop two scenarios to assess the effects of COVID-19 on food security out to 2040.
We model the effects of COVID-19 on long-term food security for these scenarios, mostly from 2020
to 2022, with some longer-lasting effects. These scenarios include changes to economic growth, income
inequality, food access, government finances, and educational attainment. The COVID-19 Current Path
scenario is our baseline scenario and is based on 2020 to 2022 GDP growth rate estimates developed by
the International Monetary Fund (IMF). The COVID-19 Unequal Paths scenario is more pessimistic,
describing a world in which pandemic effects are predominantly felt by vulnerable countries. In the
Unequal Paths scenario, GDP growth is further reduced between 2020 and 2022, inequality worsens in
countries with limited government capacity, and the effects of rising government debt fall particularly
hard on countries that had low levels of debt sustainability prior to the pandemic. We also develop a
counterfactual No-COVID scenario, projecting how food security is likely to have developed if the
COVID-19 pandemic had not occurred.
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Conceptualizing and Measuring Food Security

Our conceptualization of food security includes aspects of food availability, food access,
and food utilization (Figure 1). To assess changes in food security over time, we model different
aspects of this conceptual framework, including the agricultural production system, agricultural trade,
household income and consumption of food, caloric intake, and distribution thereof within countries,
trends in parental education, and access to water and sanitation (WATSAN). These variables are
themselves driven by variables representing demographics, economic growth, climate change, health, and
other distal drivers of development.

Figure |: Conceptual framework for long-term assessments of food security, distinguishing between
drivers of food availability, access, and utilization.

Food security
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Note: The arrows in this figure depict feedback loops between the individual components. The conceptual
framework focuses on long-term trends in food security and thus does not account for effects of climate change,
conflict, and other factors to volatility in food production, prices, and other drivers.

Source: Authors’ elaboration.

Food security is a multidimensional concept that impacts humans in direct ways. According
to the Food and Agriculture Organization (FAO), “Food security exists when all people, at all times,
have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and
food preferences for an active and healthy life” (World Food Summit 1996). Given this
multidimensionality, we focus on three outcome indicators that capture the effects of changing patterns
of food security on human development, particularly of the most vulnerable populations. VWe measure
outcomes using extreme poverty, prevalence of undernourishment, and child stunting.
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Results
COVID-19 and Poverty

COVID-19 is estimated to have increased extreme poverty in 2020 by 101.9 million people
(in the Current Path scenario) to |18.3 million people (in the Unequal Paths scenario),
relative to a No-COVID scenario.! In 2019, 687 million people were estimated to live on less than
$1.90 per day. Before COVID-19 (No-COVID scenario), this number was expected to fall to 682 million
in 2020. COVID-19 is projected to result in the first rise of global poverty in the last decade, with the
Current Path scenario estimating 784 million people in poverty and the Unequal Paths scenario resulting in
an increase to 800 million people in 2020.

By 2040, the world is projected to make progress on eradicating extreme poverty. The
prevalence of extreme poverty is projected to drop from 10.| percent in 2020 to 7.2 percent in 2040 in
the Current Path scenario. This is equivalent to a drop from 784 million people in 2020 to 660 million
people in 2040.

However, COVID-19 may cause a persistent increase in extreme poverty, leading to a six
to thirteen-year setback relative to a No-COVID scenario. By 2040, COVID-19 will lead to an
increase in global poverty of between 18.5 and 35.2 percent, or an estimated 103.9 to 198.3 million
people, relative to a No-COVID scenario. While all regions are projected to experience an increase, the
largest occurs in sub-Saharan Africa and Southern Asia. In sub-Saharan Africa, increases in poverty from
COVID-19 varied between 27.8 and 34.6 million people in 2020, and are projected to grow to 55.3 to

I 13.8 million people by 2040. For Southern Asia, increases in poverty from COVID-19 had larger
immediate effects in 2020 (53.0 to 59.2 million people) but less pronounced longer-term effects (22.8 to
43.1 million people in 2040).

COVID-19 impacts extreme poverty through reductions in household income and shifts in
the distribution of income. Poverty is most directly driven by changes in economic growth and
household income, coupled with changes in income distribution. COVID-19 lowered GDP growth in
2020, followed by a projected recovery in 2021 and 2022. For nearly all countries, this is projected to
result in lower economic output from 2023 through 2040 relative to a world without COVID-19. In
addition, we assume a one to two percent rise in inequality in the scenarios. While the effect of COVID-
19 on inequality is uncertain, studies of previous shocks and pandemics have highlighted that inequality
tends to be higher five years after an initial shock. The increase in poverty is especially pronounced in
sub-Saharan Africa and Southern Asia because of the growing number of poor and vulnerable
households in those regions. This rise in between-country inequality because of COVID-19 is further
underlined with the Unequal Paths scenario, where we simulate an even greater shock,
disproportionately impacting more vulnerable countries. Although only a subset of countries
experiences more severe impacts in this scenario, the rise in poverty from COVID-19 almost doubles.

' At the time of analysis, no data for 2020 was available that could fully capture the effects of COVID-19 on global extreme poverty,
undernourishment, or child stunting. Data collection for these indicators strongly depends on household surveys, which have been largely
suspended due to COVID-19. This means that for 2020, the analysis strongly relies on model-based estimates to understand the effects of the
pandemic on human well-being indicators at the global level.

The Future of Food Security 7



COVID-19 and Undernourishment

COVID-19 is estimated to have increased undernourishment in 2020 by an additional 48 to
54 million people, relative to a No-COVID scenario2. The rise in undernourishment is estimated
to be less than the rise in poverty. This is because even as household incomes decrease, some
households can maintain caloric intake by spending a larger share of their income on food and by shifting
diets from vegetables and meat toward staple foods. In 2019, undernourishment was estimated to affect
836 million people. In the absence of COVID-19, we expected this to fall to 828 million in 2020.
However, COVID-19 is estimated to increase undernourishment to 877 million in the Current Path
scenario and 882 million in the Unequal Paths scenario.

COVID-19 is projected to result in a persistent increase in undernourishment, leading to a
four- to eight-year setback in lowering undernourishment by 2040, relative to a No-COVID
scenario. By 2040, the world is projected to make progress on lowering the prevalence of
undernourishment for all scenarios, but COVID-19 slows this progress. In the Current Path scenario, the
prevalence of undernourishment is projected to fall from | 1.3 percent in 2020 to 8.6 percent in 2040. In
the Unequal Paths scenario, the prevalence of undernourishment is also projected to drop from | 1.4
percent in 2020 to 9.1 percent in 2040. In absolute values, the number of people living under the
minimum dietary energy requirement in 2040 in the more pessimistic Unequal Paths scenario (837.1
million) exceeds the number prior to COVID-19 in 2019 (836.0 million). This is the result of both
slower progress in eliminating hunger and growing populations in the most food insecure regions of the
world.

COVID-19 is slowing down progress toward eradicating undernourishment in Southern
Asia and sub-Saharan Africa. In 2020, the population of undernourished people in sub-Saharan
Africa is estimated to have grown by 8.3 (in the Current Path scenario) to 9.6 (in Unequal Paths scenario)
million. In Southern Asia the number of undernourished people is estimated to have grown by between
21.5 and 23.6 million. By 2040, these regions are projected to continue to experience the largest impact
of COVID-19 on undernourishment, with increases of between 13.8 and 30.9 million people in sub-
Saharan Africa and between 14.4 and 27.0 million people in Southern Asia. To further highlight the
disproportionate effect on these two regions, the projected rise by 2040 for each scenario in either sub-
Saharan Africa or Southern Asia is larger than the rise in undernourishment across Southeast Asia, Latin
America and the Caribbean, the Middle East, and North Africa combined.

As with poverty, COVID-19 is affecting undernourishment primarily through changes in
household income, which drive down country-wide caloric demand, and through changes in
the distribution of calories within populations. Reductions in economic growth lower household
income and country-level agricultural demand. While shifts in household spending and diet can alleviate
some effects of COVID-19 on lowering calories per capita, we project a net drop in countries where
populations have limited means to cope with shocks. We also assume a rise in the inequality of within-
country caloric distribution because of COVID-19. Overall, the future of food security is expected to
depend largely on changes in socioeconomic conditions and the associated economic access to food and

2 The food security data used in this report were up to date as of March 2021. Subsequently, FAO revised its methodology and database to
assess food security indicators, resulting in a downward revision of historic food security numbers, especially for China. The new data series
would shift down projections in our model of the no-COVID scenario and the two COVID-19 scenarios, though general trends remain similar.
Given the timing of this revision and the focus of the report on COVID-19 effects, we have not adjusted for this latest revision. An initial
exploration suggests that the effect on the results is minor. Absolute numbers decrease, but the relative effects of COVID-19 on long-term
food security remain unaltered and the overall insight that COVID-19 slows down progress on eradicating extreme poverty,
undernourishment, and child stunting holds.
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distribution of calories within populations. COVID-19 is projected to negatively impact both dimensions,
by reducing calories per capita and negatively shifting the caloric distribution within populations.

COVID-19 and Child Stunting

COVID-19 is projected to have minimal near-term effects on child stunting, but with
increasing effects out to 2040. We estimate that in the Current Path scenario child stunting affected
159.6 million children under age five in 2020, a small increase from 159.3 million children in a No-COVID
scenario. In the more pessimistic, Unequal Paths scenario, child stunting is estimated to rise further to
164.4 million in 2020 and continues to rise to eight million additional children in 2025, relative to a No-
COVID scenario. This forecast is in line with one other forecast on child stunting suggesting an increase
of between 1.5 million to 3.6 million children in the 2020 to 2022 period, relative to our projected
increase of 1.6 million in the 2020 to 2022 period in the Current Path scenario.

Child stunting is affected by changes in caloric demand, coupled with changes in maternal
education and access to WATSAN. Caloric demand is affected by COVID-19 directly, but in
contrast to undernourishment and poverty, the effect of COVID-19 on WATSAN and adult education
levels is expected to increase over time. Children affected by education losses today are likely to have
lower levels of education in the future, as they become parents. Changes in government debt and
expenditures don’t result in direct losses in access to WATSAN, but rather slow down investments in
the maintenance and construction of WATSAN infrastructure. These slow onset effects of COVID-19
make clear that the effects of the pandemic on child stunting are unlikely to cease after the virus is
contained.

Impacts of COVID-19 on parental education and access to WATSAN are projected to
manifest over the next two decades, resulting in a one- to three-year setback in progress
on child stunting by 2040. In the Current Path scenario, the world is projected to reduce child
stunting to 4.9 percent by 2040. In 2020, sub-Saharan Africa and Southern Asia are the regions with the
highest rates of child stunting, followed by Southeast Asia, Oceania, and the Middle East and North
Africa. Progress on eradicating child stunting is especially strong in Southern Asia, falling from 33.6
percent in 2020 to 8.4 percent in 2040, and to a lesser extent in sub-Saharan Africa, dropping from
32.9 percent in 2020 to 20.1 percent in 2040. By 2040, child stunting rates are projected to reach 14.5
percent in a No-COVID scenario and 14.9 percent to 15.4 percent in the Current Path and Unequal Paths
scenarios, respectively. This is equivalent to an increase due to COVID-19 of between 4.0 and 7.8
million children in 2040.

The Future of Food Security 9



Climate, Conflict, COVID-19, and Food Security

Climate change affects food security directly through impacts on food availability,
economic growth, and food utilization. Climate change drives shifts in temperature and
precipitation, changing the biophysical conditions for cultivating crops. Its impacts differ between
regions, and the role of CO, fertilization features prominently. Changes in production have indirect
effects on food access by altering food prices and household income from agriculture. A more direct
effect of climate change on food access operates through reductions in economic growth across all
sectors, with further reductions in household income. Changes in household income have consequences
for both extreme poverty and food access. Lastly, climate change could alter the spread of
communicable diseases, such as malaria and diarrheal disease, increasing vulnerabilities related to food
utilization. The effects of climate change on declining food security are projected to occur mainly in sub-
Saharan Africa and Southern Asia.

Conflict affects food security through impacts on food availability, food access, and food
utilization. Even the threat of conflict can be enough to shift crop production toward staple crops and
smaller agricultural livestock. During conflict, the effects on food availability, access, and utilization are
most pronounced. Sometimes, limiting food access is utilized as a weapon of war. This results in an
important dimension of inequality, with conflict disproportionately affecting availability, access, and
utilization for females and children, as well as for displaced populations. After conflict ceases, longer-
term effects on economic growth and reduced agricultural production often remain, negatively affecting
food security several years after the end of a conflict.

The future of climate change and conflict is characterized by uncertainty, both around the
extent of the occurrence of climate change and conflict and their impact on food security.
The impact of climate change is still highly uncertain, with projections ranging from a five-degree average
surface temperature increase to less than a one-degree increase (relative to an average global
temperature from 1986 to 2006). Not only is the extent of climate change uncertain, but its effects on
food security are strongly dependent on model assumptions and CO,-fertilization effects. The
distribution of future conflicts is also characterized by great uncertainty, though most baseline scenarios
project a reduction. Some studies highlight the regional distribution of future conflicts, with possible
increases in sub-Saharan Africa and South Asia, two areas that struggle with food insecurity.

Comparing risk factors is challenging, but generalizations are possible. Studies do not exist
that allow for a simple comparison of the impact of COVID-19, climate change, and conflict on outcome
indicators associated with food security. But general conclusions are possible:

a) The pathways through which each risk factor impacts food security are distinct. COVID-19 is
primarily a food access issue, though it does present additional risks to other drivers, while
climate change and conflict more directly impact multidimensional aspects of food supply,
access, and utilization.

b) Our understanding of the future impact of these risk factors is uncertain. COVID-19 and conflicts
have been experienced recently, but conflict has been experienced throughout human
history. Future patterns of both risk factors are difficult to predict. And while the effects of
climate change are beginning to be felt, its most significant risks have yet to fully manifest.
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c) The geographic distribution of these risk factors varies. Both climate change and COVID-19 are
global events with differential localized impacts. Conflict, on the other hand, tends to be
localized and particular.

Future of socioeconomic development matters. COVID-19, climate change, and conflict will each
manifest in unique ways, impacting food security and human development. But research shows that the
future of human development—Ievels of economic growth, food availability, economic interdependence,
and demographic change—will be more significant drivers of our ability to adapt to these challenges.

Conclusion

The analysis presented here suggests that COVID-19 has set back global progress toward
eliminating extreme poverty, undernourishment, and child stunting. The world is projected to
continue to make gradual progress in improving indicators and drivers of food security, but COVID-19
will slow down this progress. The effects primarily operate through reducing food access from lower
household incomes and rising inequality in the distribution of caloric intake and income. Reduced access
to safe water and sanitation and lower levels of education will further aggravate the effects, the results
of which are likely to materialize over the next decade. All these effects are projected to
disproportionally affect the most food insecure regions in the world today (Southern Asia and sub-
Saharan Africa).

The world is projected to continue to make progress in improving food security and human well-being,
though that progress will be unevenly distributed. Many countries were not on track to meet
international goals for improved food security, and COVID-19 has made reaching these goals even more
ambitious. The pandemic further underscores the need to push for improving socioeconomic
conditions, particularly in sub-Saharan Africa and Southern Asia. Projected progress toward the
elimination of hunger will be multidimensional, requiring improvements in food availability, access, and
utilization. Further work toward eradicating food insecurity will primarily rely on raising food access by
improving household incomes and caloric demand and by reducing inequality of household income and
food access.
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|.  The future of food security in the
wake of the COVID-19 pandemic

Every human being needs safe and affordable access to a diverse, nutritious diet. However, this is not a
reality for over 690 million people globally, and in 2019, 21.3 percent of children suffered from stunting
(Baquedano et al. 2020; FAO et al. 2020; UNICEF, WHO, and World Bank Group 2020). In this
context, what will the progress on food security be by 2040, and how will COVID-19 affect food
security in the long-term? This report uses scenarios to quantify changes in food security at the country
level and explores how the COVID-19 pandemic affected food security in 2020 and how it is projected
to affect it out to 2040.

Understanding the impacts of the COVID-19 pandemic on food security requires understanding the
long-term trends and drivers of food security. Food security is a multidimensional concept deeply
ingrained in agricultural production systems, international food trade, economic access to food, safe
food preparation and utilization, access to safe water and sanitation, climate change, conflict, and land
degradation (FAO et al. 2020; Hasegawa et al. 2018; Janssens et al. 2020b; Moyer et al. 2020; Mueller et
al. 2012; UN Convention to Combat Desertification 2017; van Ittersum et al. 2016; van Meijl et al.
2020). Understanding the long-term future of food security requires conceptualizing economic, human,
and environmental development and the interactions between these systems. However, too often long-
term forecasts focus almost exclusively on agricultural supply and how it is affected by climate change.
This limits our understanding of the future of food security and fails to provide a multidimensional lens
for envisioning alternative policies and actions to alter this future.

Economic, environmental, and human security crises tend to worsen food security immediately, while
also creating cascading effects across time (FAO 2009; Gates et al. 2012b; Hasegawa et al. 2018;
Verwimp and Mufoz-Mora 2018; Vilar-Compte et al. 2015; Zhao et al. 2017). The COVID-19 pandemic
is unlikely to be an exception. Initial estimates are that an additional 83 to 155 million people became at
risk of hunger in 2020 (Baquedano et al. 2020; FAO et al. 2020) and there was increased risk of rising
child undernourishment and mortality (D. Headey et al. 2020; Osendarp et al. 2021). Long-term
projections of food security initially quantified the effect of COVID-19 through projected reductions in
GDP (Baquedano et al. 2020; FAO et al. 2020). Today, our understanding of the long-term effects of
COVID-19 also include growth in government debt, rising inequality, and education losses (IMF and
World Bank 2021; UNESCO 2021; World Bank 202 1c). Despite these efforts, we only have a partial
understanding of how COVID-19 may alter food security outlooks beyond the pandemic and the
underlying interconnected drivers.

In this report, we use the International Futures (IFs) model to explore the future of global food security
at the country level out to 2040. Specifically, we develop a set of scenarios to quantify the effect of
COVID-19 on food security across indicators of extreme poverty ($1.90 per person per day),
undernourishment, and child stunting. In Section 2 we provide the conceptual background for this study
by defining food security and using literature to assess how COVID-19 is affecting food security in 2020
and from 2020 to 2040. In Section 3 we use this conceptual understanding to develop a scenario
framework of the key long-term dimensions of COVID-19 on food security. In Section 4 we quantify
trends in extreme poverty, undernourishment, and child stunting at the global and world region level,
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and the effect of COVID-19 on these trends. In Section 5 we provide a deeper understanding of how
COVID-19 is affecting drivers of food access, availability, and utilization. Lastly, in Section 6 we
contextualize the results by comparing the pathways and magnitude of COVID-19 to the effects of
climate change and conflict. Overall, this report provides a multidimensional overview of the future of
food security and its underlying drivers out to 2040—and the extent to which COVID-19, conflict, and
climate will shape this future.

2. Understanding food security and the
impact of COVID-19

Purpose: This section provides the conceptual underpinning for studying food security. It focuses on
how to define food security, how to measure it, and how to identify its long-term drivers. Special
attention is given to the effects on food security of COVID-19, with the second part of the section
focusing on how COVID-19 is affecting food security and its underlying drivers. This section provides
the conceptual underpinning for the analysis and results presented later in the report.

2.1 What is food security and what are its drivers?

Food security is a multidimensional concept that includes food availability, food access, and food
utilization. These three pillars of food security (Figure 2) are reflected in the definition from the Food
and Agriculture Organization of the United Nations (FAO):

Food security exists when all people, at all times, have physical and economic access
to sufficient, safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life. (Word Food Summit 1996)

Food security in a given country also consists of three interconnected pillars. The first pillar, food supply
or availability, consists of domestic production, food imports and exports, and food stocks. Policies
aimed at improving food availability affect land under cultivation, agricultural management intensities,
crop composition, and agricultural trade. The second pillar, food access, is the ability to access the food
available, which can be hampered due to economic, physical, and social constraints. It is defined by the
interplay of household incomes and changing food prices and economic inequality (e.g., poverty), social
inequality (e.g., gender), and physical inequality (e.g., market access, )
urban-rural divide). Adequate food availability at the national or .. Food security
international level does not guarantee adequate food access at the level insight
of households and individuals, and food access policies focus on making ~ Long-term changes in food
food available to all. The third pillar, food utilization, is the ability of the ~ S€Curity are determined by
. changes in trends in food
body to make the most of the nutritional value of food. Country-level A 7, mrress, el
indicators of human development, coupled with safe household anenan
environments, jointly shape food utilization, which includes access to
health care and WATSAN, maternal education, maternal and child health, breastfeeding practices, and
food preparation. Even with enough food available at the household level, food utilization may result in
decreased food security within households, especially for members with specific food needs, such as
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infants and young children, pregnant or lactating women, and sick or elderly household members
(World Food Programme 2009).

Together, these three pillars shape food security over time, which is dynamic. Stability in food security
occurs when there is adequate food availability, access, and utilization over time. Here, we focus primarily
on the dimension of chronic long-term food insecurity. But food insecurity can also occur within and
across years due to seasonal and transitory food insecurity (FAO 2008). Especially important is volatility,
in relation to risks to food security through climate change, conflict, and now, COVID-19. This report
looks at projections of food security over the next two decades, measured at yearly intervals. It focuses
primarily on chronic, long-term food insecurity across the dimensions of availability, access, and
utilization. While COVID-19 today is having a shock-effect on food security, our goal is to identify the
potential effects of COVID-19 on long-term risks to food security and then to quantify the chronic,
longer-term changes to the system of food security.

Figure 2: Conceptual framework for long-term assessments of food security, distinguishing between
drivers of food availability, access, and utilization.

Food security
(Poverty, Prevalence of Undernourishment, Child Stunting)

L L 4

Food Availability Food Access Food Utilization

‘ ‘ ‘ Houghold

Agricultural Production _ Inequality to Food
(Land under Cultivation; 0 Agricultural Economy 0 Access “

Management Intensity; (Food Prices, HH Income) (Economic, Social and Maternal Education-
e AT Maternal & Child Health)

$ s Y U

Basic drivers of Human, Economic and Environmental Development
(Economic Growth, Population Growth, Governance, Inequadlity, Climate Change, Conflict, Health System)

Environment
(Access to WATSAN;

Note: The arrows in this figure depict feedback loops between the individual components. The conceptual framework
focuses on long-term trends in food security and thus does not account for effects of climate change, conflict, and other
factors to volatility in food production, prices, and other drivers.

Source: Authors’ elaboration.

The multidimensional nature of food security requires a host of measurement indicators. To better
understand the writing and lens used throughout this report, it is important to define food security3, its
indicators, and related terms (Box | — Indicators and definitions of food security).

® Throughout the report, we distinguish between three related broad terms, namely food security, malnourishment, and undernourishment. Food
security is closely related to malnourishment and undernourishment. Malnourishment generally occurs in the absence of sufficient, safe, and
nutritious access to food. It pertains to both a state of deficient calories or nutrients and the excess intake of calories, which can lead to
overweight and obesity. Undernourishment is a subcomponent of malnourishment, focused only on the lower end of food distribution, and is
marked by a state of deficient calories and nutrient intake. Given our focus on food (in)security, we center the report around indicators of
undernourishment.
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Box | — Indicators and definitions of food security.

Food security can be quantified using a diverse set of underlying indicators. Here we primarily focus
on population level indicators that can be projected over long-time horizons. While the indicators
described below cover a range of interrelated food security issues, we acknowledge that food
security is much broader and for example also relates to issues on child wasting, nutrient intake and
dietary quality. To aid the reader, we specifically define each indicator below.

Extreme poverty: The population in a country living on less than $1.90 a day. Extreme poverty and
food security are closely related, with low-income levels being a key determinant of population wide
undernourishment and a core indicator of households’ ability to afford and access a sufficient,
diverse, and healthy diet. In addition, strong connections between extreme poverty and other
indicators of food security exist for child undernourishment, child stunting, child wasting, and
micronutrient intake and dietary quality.

Prevalence of undernourishment: The population in a country not meeting the minimum daily energy
requirement (Baquedano et al. 2020; FAO et al. 2020). Prevalence of undernourishment (PoU)
relates to aspects of food availability (caloric availability) and economic and physical access to food
and inequality therein (coefficient of variation). The indicator considers the available calories per
capita and their distribution and a threshold value for the minimum dietary energy requirement,
which is based on the population structure of a country. The PoU can be quantified in percentage of
population or absolute numbers. It is the most general measure used in policy documents and
academic literature for assessing long-term trends in population-wide food security. We quantify the
effect of COVID-19 on undernourishment over time. Undernourishment is an indicator that can be
directly linked to caloric intake, and therefore is a direct measure of food security.

Child stunting: The population in a country under the age of 59 months with a low height-for-age
ratio, more than two standard deviations (<-2 SD) below the WHO Child Growth Standards median
(FAO et al. 2020). Child stunting is more prevalent than underweight children!, or child wasting', and
is often seen as a priority indicator in food security programs and research. Child wasting and
underweight children can result in future child stunting, due to temporal lags from declines in food
security (first wasted, then stunted; see Schoenbuchner et al. 2019) and shared drivers. From the
rate of child stunting, it is possible to calculate the percentage of the adult population in a country 15
years of age and older who have suffered from child stunting. This is called adult stunting in the IFs
model. Within the IFs model, adult stunting is used mostly as a negative effect on the labor force in a
country, literally stunting economic growth. In the results section of this report, we report on child
stunting as a primary indicator, and we quantify the impact of COVID-19 on it in 2020 and in 2040.
Child stunting is based on an anthropometric indicator (height-for-age), rather than caloric intake,
and thus can be best understood as an indirect indicator for food security.

The drivers of food security are interconnected and relate to broader drivers of human development.
The future of food security is not subject solely to improving agriculture, changing agricultural trade,
raising household incomes, or fighting climate. Rather, it will be impacted by progress in broader human
development. This requires careful balancing acts by policymakers because policies aimed at improving
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one pillar can negatively affect others and unintentionally reduce food security. To manage those trade-
offs, and to understand how they shape the long-term future of food security, we begin with a discussion
of some core underlying drivers.

2.1.1 Availability

Drivers of food availability include land under cultivation, yields, and international patterns of trade. Land
is a scarce resource, and a large share of suitable land for agriculture is already under cultivation.
Growing, and more affluent, populations who have concerns about climate change, land degradation, and
biodiversity will increase demand for land. As those demands change, land will increasingly be a limited
resource of competition, and demands for sustainable land management, climate change mitigation,
recreational opportunities, biodiversity protection, and food security require careful navigation of trade-
offs (Beckmann et al. 2019; Hasegawa et al. 2018; Pittelkow et al. 2015; Phalan et al. 201 |; Verhagen et
al. 2018). Opportunities for agricultural land expansion exist but are primarily constrained to certain
regions of the world, such as the Democratic Republic of Congo or Brazil. Other areas see long-term
trends of land abandonment or have already reached their limits of land expansion. For example, land-
deprived countries in the Middle East are investing in prime agricultural land in Africa to expand their
production potential (The Land Matrix 2021; Schwartzstein 2019), which can simultaneously increase
agricultural production and threaten local food security (Miiller et al. 2021). In Europe, land
abandonment, not expansion, is projected to be a dominant trend in agriculture (Perpina Castillo et al.
2021; van der Zanden et al. 2017).

Agricultural production can also be expanded through further

%ﬁ% Food availability crop intensification and techniques that lead to higher yields. The

potential for doing so varies greatly across regions of the world.
Food availability is affected by In Europe, North America, and increasingly China and other
shifts in agricultural production Asian countries, yields are projected to reach biophysical

and trade, thro'ugh-chan.ges n maximums. In other areas, such as sub-Saharan Africa, there is
land under cultivation, yields, and

international patterns of food considerable room for yield improvements through adoption of
trade. optimal management techniques of crop, land, and water (van
Ittersum et al. 2016).

A third important driver of food availability relates to international agricultural trade. Today, many food
insecure countries are net importers of food, and the import dependency of many countries in sub-
Saharan Africa is expected to rise considerably over the next three decades (Sulser et al. 2015; van
Ittersum et al. 2016; OECD and FAO 2020; Hedden et al. 2016). Changes in trade patterns not only
drive overall availability but are linked to changes in food prices and economic access to food. For
example, lowering food import tariffs and promoting international food trade can improve food security
in sub-Saharan Africa (Janssens et al. 2020a), although with potential risks to household incomes from
agriculture and food sovereignty. These multiple, sometimes competing, outcomes of trade on
availability, sovereignty, and access highlight the need to use a multidimensional concept of food security.

Food availability at the country level will be driven by changes in land use and quality, yields, and
international trade. The main trends are highly region-dependent, with some world regions reaching land
and yield maxima, while others still have significant room for increasing domestic production. However,

4 For an example of climate policies and food prices, see Hasegawa et al. 2018.
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environmental concerns about climate change and biodiversity may further strain the ability of countries
to expand domestic production (Hasegawa et al. 2018; Beckmann et al. 2019; Phalan et al. 201 1).
Eradicating hunger and meeting the increasing food requirements of growing and generally more affluent
populations, while minimizing harm to climate change and biodiversity, is a difficult balance to strike and
one that will determine the future of both food security and global environmental change.

2.1.2 Access

Food access is driven primarily by economic factors, in combination with social and physical access to
food. In studies projecting mid-2Ist century food security, much attention has been given to the
importance of agricultural production, but recent studies have determined that in fact, future food
security is likely to be primarily driven by food accessibility (van Meijl et al. 2020; Hasegawa et al. 2018;
Janssens et al. 2020a). For example, a recent study shows that climate change mitigation can have a net
positive effect on food availability; but a consequential rise in food prices due to mitigation measures
could result in net negative outcomes for food security in 2050 (Hasegawa et al. 2018). The fact is that
today, the amount of food produced globally is sufficient to feed the world. Current levels of
undernourishment are due, at least in part, to unequal caloric distribution and access. Changes in both
food prices and household incomes are likely to continue to be the core determinants of food security
(FAO et al. 2020).

The two main determinants of food access are general population level access to calories and the
distribution of calories® within a population. Increases in access to calories, often measured as calories
per capita, are driven by economic growth and population dynamics. A second important driver relates
to the distribution of calories within a country, consisting of economic inequality but also social and
physical inequality. Economic inequality is a direct driver of poverty and, in the long run, may be fueled
by the unequal distribution of education and skill levels.

Social inequality is a broad and diverse issue with varied Bva
dynamics surrounding the distribution of goods and burden o
within a society. In this report we focus on the impact of social
inequality on food security for females and children. Females . . .

. . . changes in economic, physical, and
and younger children are at greater risk of having poorer social access to food, primarily
access to food than other members of their households. from changes in household income
Lower female labor participation can reduce within-household  and inequality in access to food.
bargaining power regarding the type of food purchased. In
many parts of the world, women are farmers, but often lack the same level of access to resources for
agricultural production as their male counterparts (Agrawal 2015). Similarly, women face land tenure
rights and other gender and societal inequalities that further challenge their access to the same
resources available to their male counterparts (Higgins et al. 2018; Owoo and Boakye-Yiadom 2015).
Land tenure rights are also closely linked to questions of physical access, as many households rely on
small-scale agricultural production as a source of household income and direct access to food. An
estimated 30 to 34 percent of global food production comes from smallholder farms (Ricciardi et al.
2018).

Food access

Food access is determined by

5 Here distribution of calories is an indicator of food access, reflecting the deviation from the mean caloric intake for individuals in the
population. Distribution of calories thus has primarily to do with differences in economic purchasing power, and not with the physical
distribution and transport of food through trade and markets.
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Urbanization is another component of physical access to food and has a mixed effect on food security.
On the one hand, urbanization may increase physical access to food through infrastructure development
and increased market access. On the other hand, low-income and urban populations are more likely to
purchase, rather than produce, food and are more susceptible to changes in food prices (Szabo 2016).
Access in terms of quantity, diversity, and quality of food can significantly differ across urban and rural
populations, and trends in urbanization and subsistence farming will determine food security for large
swaths of the population.

Overall, changes in food prices, household income, and inequality in access are likely to be the strongest
drivers of future food security. In recent years, this relationship has become more complex because
rising income levels and decreasing poverty numbers have been met by increased levels of
undernourishment, explained by rises in conflict around the globe (FAO et al. 2020). Whether this
interruption of the trend between lowering poverty and rising undernourishment is temporary or a
“new normal” is an open question for now (Baquedano et al. 2020; FAO et al. 2020) and will be a key
determinant of future trends in food security.

2.1.3 Utilization

Drivers of food utilization are manifold and complex, but generally include characteristics of a safe
household environment and general trends in access to safe water, sanitation, parental education levels,
and access to health care. Though food utilization is connected to all forms of undernourishment, it is an
especially significant driver of food security for children. Food utilization is connected to access to safe
water, sanitation and hygiene (WASHS$) and the prevalence of communicable diseases, such as diarrhea
(Vaivada et al. 2020; Akseer, Vaivada, et al. 2020). In addition, access to health care, maternal health,
breastfeeding practices, a history of childhood stunting for mothers, and fertility rates further determine
levels of childhood stunting, wasting, and undernourishment (Stewart et al. 2013; Vaivada et al. 2020;
Briend, Khara, and Dolan 2015). A cross-country literature overview highlighted that changes in
parental, and especially maternal, education are strongly connected to child undernourishment and
stunting and are a prime determinant of childhood mortality (Gakidou et al. 2010; Bhutta et al. 2020;
Huicho et al. 2020). Globally, female education levels are on the rise, but only 35 percent of countries
are on track to meet Sustainable Development Goal 4 targets on primary and secondary education
(Moyer and Hedden 2020). High levels of population growth and fertility rates could further complicate
these issues, if access to WATSAN, expansion of female

B e .
~.. Food utilization education, and accrual of household assets does not keep pace.
Food utilization is connected to all In general, aspects of food utilization have received less focus
indicators of food security, but is in long-term studies of food security. Indicators primarily
especially important for child center on PoU without quantifying trends in child

undernourishment, child stunting,

! ! undernourishment, wasting, and stunting.Z
and child wasting.

Many drivers fall outside the traditional set of economic, food
system, and biophysical drivers used in food security studies and can only be addressed through
exogenous scenario assumptions or through a model framework that specifically integrates aspects of
broader human development into a food security framework. We will use such an integrated modeling

¢ Child undernourishment is related to access to safe water, sanitation and hygiene (WASH). The latter is difficult to forecast over longer time
frames, and therefore we primarily focus our analysis on access to WATSAN. The terms are used interchangeably throughout the report.
” See Moyer and Hedden 2020; Moyer et al. 2020 for some notable exceptions.
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framework to explore these questions. Not accounting for food utilization and child food security paints
an incomplete picture of the future of food security and the policy responses available at the global and
national levels.

2.1.4 Dynamics

Trends in availability, access, and utilization do not operate in isolation. Figure 2 highlights some
important interconnections between these systems. For instance, agricultural production and trade
interact with food prices and household income. Similarly, household income interacts with maternal
health and education. More importantly, a wider set of drivers of economic, human, and environmental
development interact with the three pillars of food security. For example, economic growth and
demographic transition will determine overall demand for food, as well as shifts in diets. Agricultural
trade affects both food availability at the national level and food access, through changes in food prices.
Similarly, economic and cultural changes will determine dietary shifts, and a less meat-oriented diet can
have significant beneficial effects for environmental sustainability (O’Neill et al. 2014).

Environmental changes and interactions within environmental systems also directly impact food security.
Chief among these are changes in climate and trends in land degradation, which directly affect food
availability, especially in the most vulnerable regions of the world. For example, both land degradation
and climate change are expected to have a strong negative effect on food production in sub-Saharan
Africa, the Middle East and North Africa and South Asia (Esch et al. 2017; Tai, Martin, and Heald 2014;
Liu et al. 2016; Janssens et al. 2020a; Zhao et al. 2017). And changes in biodiversity and supporting
ecosystem services threaten the durability and sustainability of the food system (Phalan et al. 201 [;
Beckmann et al. 2019; Tscharntke et al. 2012). Thus, to determine the future of food security, it is
imperative to gain a deep understanding of the interworking of the economy, the environment, and
socioeconomic development.

2.2 Measuring food security

Because food security is a multidimensional concept, it must be measured using various indicators. We
focus primarily on three core indicators of extreme poverty, the PoU, and child stunting. These
indicators were selected using three basic criteria: relevance to the goals and mission of USAID, data
availability across countries and time, and the possibility of
projecting these indicators over longer time frames. This
excludes indicators of food security related to dietary quality
and micronutrient intake (see for a discussion on this: Box 3: In this report we quantify long-
COVID-19 and dietary quality). While more data is becoming term trends in food security

| /\ |

Methodological insight

available on these indicators, these data series are still through extreme poverty,
relatively scarce in country and time coverage, and there are prevalence of undernourishment,
very few studies that have attempted to forecast dietary quality L ICUICIS TS

over time.

The PoU is a core indicator used in academic publications and policy reports focused on long-term
projections of food security, relating food security primarily to issues of food availability and access
(FAO et al. 2020; Baquedano et al. 2020; Hasegawa et al. 2018). It also allows for comparisons of the
findings in this report to others.
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Child stunting is commonly used as a proxy for chronic food insecurity as it reflects an environment that
is inadequate for child growth. It has received the most attention in food security programs and
academic literature (Onis and Branca 2016; Lloyd et al. 2018; UNICEF, WHO, and World Bank Group
2020; Vaivada, et al. 2020)). Child stunting is correlated with negative future effects on education
performance, household income, work capacity, and intergenerational health. In girls, child stunting is
linked to lower adult weight and height, resulting in higher risks for complications in future pregnancies
(Akseer, Vaivada, et al. 2020; Leroy and Frongillo 2019; C. P. Stewart et al. 2013).8

Together these three indicators span the different dimensions of food security. Extreme poverty is
linked mostly to the distribution of household incomes and food access. The PoU is primarily
determined by a combination of agricultural availability and food access. Child stunting is mostly
determined by a combination of food utilization and caloric intake.

The three indicators reflect a multidimensional definition of food security that covers aspects of
availability, access, and utilization (Figure 3). Given our focus on the long term, we exclude indicators of
food security related to quality and nutrient deficiencies. While relevant to understanding the future of
food security, there is currently a lack of understanding of long-term trends and drivers of nutrient
deficiencies as they relate to food security. Therefore, this report focuses on long-term projections of
food security through quantification of extreme poverty, PoU, and child stunting as core outcome
indicators, in combination with their underlying drivers.

Figure 3: Stylized representation of how the food security indicators, and their respective
components, map to the dimensions of food access, food availability and food utilization.

Indicator |: { Average HH income ]
Extreme Poverty [ Distribution of HH ]
income
[ Domestic Food ]
Production

Indicator 2: { Agricultural Trade ]
Undernourishment { Calories per Capita ]
[ Distribution of Calories ]

Calories per Capita

Indicator 3: Access to Safe Water

Utilization

Child Stunting

Access to Safe Sanitation

Maternal Education

Source: Authors’ elaboration.

8 In recent years the forward effects of child stunting have been contested, with authors arguing that forward effects of stunting on economic
growth operate through a deficient household environment, which is strongly correlated to childhood stunting, but not through childhood
stunting per se (Leroy and Frongillo 2019). As such we talk about child stunting being indicative, not necessarily a pure driver, of long-term
development effects. The IFs model does include a forward link of childhood stunting to reduced human capital and economic growth. The
authors are critical of a focus on overcoming linear growth retardation in practice and argue for a broader strategy to improve childhood
development concerning education, poverty eradication, and undernutrition. The IFs model already links childhood stunting to much broader
drivers of human development, and as such, childhood stunting is also represented as a much broader concept related to broader aspects of
the household environment.
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Extreme poverty is linked mostly to food access, and undernourishment is mainly linked to food
availability and access, whereas child stunting is mainly linked to utilization and access. These three
outcome indicators span the multiple dimensions of food security.

2.3 How does COVID-19 affect drivers of food security in 2020 and beyond?

The spread of the SARS-CoV-2 coronavirus which causes COVID- 19 has disrupted human lives and
health systems, and policy responses to curb its spread have had broad effects on economic,
socioeconomic, and human development. The pandemic and policy responses to it are affecting all
components of food security: availability, access, and utilization. However, the extent to which these
components change, and the durability of these effects is not uniform (Table 1). It is therefore helpful to
distinguish between the immediate and long-term effects of COVID-19 on food security. From empirical
evidence and policy reports, we conclude that COVID-19 is primarily affecting food access, both direct
and in the long-term. The effects of food availability from COVID-19 are mostly temporary, whereas
effects of food access and utilization tend to persist.

2.3.1 Immediate effects of COVID-19 on food access

The dominant pathway through which COVID-19 is affecting food security is in reducing access to food
(Laborde et al. 2020). Access to food is affected physically by lockdowns and worker illness, but more
importantly through economic declines from reduced household income. Country-level GDP growth
declined in 2020, and while recovery is expected in 2021, neither GDP, GDP per capita nor household
income are expected to fully recover in most countries. Countries already experiencing food insecurity
have experienced deepening food crises due to the economic shocks of the pandemic, including Haiti,
Zimbabwe, and Sudan (Food Security Information Network and Global Network Against Food Crises
2021). A telephone survey in Ethiopia confirmed the challenges faced by households on economic access
to food. Only a small portion of households (20 percent) reported having enough savings to cope with
declines in household income caused by the pandemic (Abate, Brauw, and Hirvonen 2020).

Along with reduced spending opportunities from declining
household budgets, access to food is also affected by
short-term changes in food prices. Since January 2020,
global food prices have risen by 38 percent, with maize The primary direct effect of the

prices up 80 percent and wheat prices up 28 percent COVID-19 pandemic on food security is

(World Bank 2021a). This heightens the risk of declines in a <.:h;ange i B (o et t.hrough
shifting patterns of economic growth,

i ) ) household income, food prices, and
in reductions in both quantity and quality of nutrition inequality in income and calories within

(Akseer, Kandru, et al. 2020; Laborde et al. 2020). For populations.

instance, the export price of Thai and Vietnamese rice

rose 25 percent between December 2019 and September 2020. This caused an estimated |5 percent fall
in rice consumption for the poorest 40 percent of households in in Papua New Guinea (Schmidt,
Dorosh, and Gilbert 2021). In the Sahel region of Africa, several countries experienced moderate-to-
severe increases in food prices in 2020 as a result of combination of the pandemic, a locust outbreak,?

Insights from the literature

food security for poor to near-poor households, resulting

? Starting in June 2019 and continuing into 2020, a desert locust outbreak reduced crop production from Eastern Africa and the Horn of Africa
(South Sudan) to as far west as India. The epicenter of the outbreak was in Eastern African and the Horn as well as Arabian Peninsula (Yemen,
Saudi Arabia).
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and rising conflict (World Food Programme 2020c). In Nigeria, price increases of major food crops
affected a majority of households in 2020, according to a broad-based survey (World Bank 2020d),
However, COVID-9-induced changes to food prices are unlikely to persist after the pandemic is over.

The effects of COVID-19 on economic growth, household income, and income distribution directly
impact poverty and undernourishment. The global economy contracted an estimated 3.3 percent in
2020, but is expected to pick up in the next two years, with growth of 6 percent and 4.4 percent
projected in 2021 and 2022, respectively (IMF 2021b). This recovery is expected to be uneven, with
advanced economies such as the United States seeing stronger growth than low and middle-income
countries exacerbating global inequalities (IMF 202 1b; World Bank 2021b). Around the world, an
estimated 255 million jobs were lost in 2020 relative to the fourth quarter of 2019, due to a
combination of unemployment and reduced hours. That is equivalent to 8.8 percent of global working
hours, with losses particularly high in Latin America and the Caribbean, Southern Europe, and Southern
Asia (ILO 2021). Job losses and underemployment are unequally distributed demographically, with
unskilled workers, women, and young workers experiencing more severe losses than other groups (ILO
2021; 2021; Laborde, Martin, and Vos 2021; World Bank 2021b). Similarly, job losses are unevenly
distributed across sectors, with higher losses in tourism-related industries, construction, retail,
manufacturing, and transportation, as well as the informal sector—contributing to within and across
country inequality (ILO 2021; IMF 202 1b; World Bank 2021b).

Lockdowns, job losses, decreased remittances, and illness have resulted in lost household income, with a
direct impact on poverty. Some countries have been able to contain the impacts of the pandemic on
household incomes through government aid such as social transfers, stimulus, and paycheck protection
programs (World Bank 2021b), but low and middle-income countries generally had fewer financial
resources and smaller government capacity to effectively offer such programs. Recorded remittances to
low- and middle-income countries fell in 2020 by 1.6 percent compared to 2019. While this was a
smaller decline than previously predicted, the distribution varied from increases in Latin America and
the Caribbean (+6.5 percent) and South Asia (+5.2 percent) to decreases in sub-Saharan Africa (-12.5
percent), where Nigeria (-28 percent) experienced a particularly steep decline (World Bank 2021e). In
the short run, decreased household income has resulted in both reduced food consumption and shifts in
diet toward staples, especially among those with little or no savings (Ceballos, Hernandez, and Paz 2021;
Laborde, Martin, and Vos 2021; Wang et al. 2021). A study conducted in central Myanmar found that
even when households had access to informal borrowing and can sell assets, income loss due to
COVID-19 still reduced nutritious food consumption of meat and fish (Ragasa et al. 2021). Income
shocks have a significant effect on food security for people near the poverty line or already experiencing
extreme poverty because they spend a greater percentage of their income on food and are sensitive to
price changes. These shocks further exacerbate existing inequalities (Laborde, Martin, and Vos 2021;
Swinnen and Vos 2021). Reduced and increasingly unequal levels of household income drove up poverty
and food insecurity in 2020. These effects were primarily felt in low- and middle-income countries,
where more people live just above the poverty line, have limited savings to cope with losses in
household income, and where reduced government finances and capacity to facilitate direct cash-
transfers limit the effects of economic growth on household income.

2.3.2 Immediate effects of COVID-19 on food availability and utilization

The COVID-19 pandemic is having limited effects on food availability and on production, and its impacts
appear to be lower compared to previous pandemics (Laborde et al. 2020). In low-income countries the
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agricultural system is often labor-intensive. This poses some additional risks to agricultural production as
a result of social distancing measures as well as exposure to COVID-19. (Laborde et al. 2020). But
there is strong variation across countries in implementation of and adherence to social distancing
measures. Preliminary evidence suggests that COVID-19 is having a stronger negative effect on labor-
intensive supply chains and then on agricultural production, more strongly affecting low-income
countries (Laborde et al. 2020). In Guatemala, restrictions on the movement of seasonal workers
reduced both agricultural and nonagricultural income and remittance transfers in 2020 (Ceballos,
Hernandez, and Paz 2021).

While low-income countries will be more affected by the pandemic, the impact across them varies
greatly. For example, in Senegal, modern supply chains of large-scale fruit and vegetable companies were
less affected than traditional supply chains dependent on small producers (Van Hoyweghen et al. 2021).
School closures are limiting food availability but, more directly, food access for many children (Akseer,
Kandru, et al. 2020; Laborde et al. 2020). And COVID-19 has spread rapidly in many food processing
facilities, resulting in temporary closures and disruptions to food availability (Laborde et al. 2020). For
example, in the U.S. the slaughter of beef declined by about 25 percent and hogs about 2| percent in
April 2020, though the pace has stabilized since (Ramsey et al. 2021). Conversely, the global economic
fallout, country-level export restrictions, and increased difficulties in importing food could trigger
increases in domestic production in sub-Saharan Africa, resulting in long-term benefits to food
availability (Laborde, Martin, and Vos 2021). In West Africa, trade flows were still affected by COVID-19
in April 2021, with some countries seeing higher demand for locally grown maize (FEWS NET 2021b).

A third avenue by which COVID-19 is affecting food availability is through disruptions in international
trade. Such restrictions can limit the availability of food in food-import-dependent countries, increasing
food prices and reducing access to food. Between March and July 2020, 2| countries imposed trade
restrictions, representing about 4 percent of global food trade (International Trade Centre 2020).
However, today almost all countries have lifted these restrictions. While international trade saw a
downturn in 2020, agricultural trade was least affected of all sectors (WTO 2021). Trade restrictions
and food stockpiling resulted in the vast majority of low-income countries experiencing moderate-to-
severe increases in food prices in the second quarter of the year (World Food Programme 2020b, 48),
highlighting the fact that the effects of changing patterns of trade may be primarily operating through
economic food access. As a more recent example of this mechanism, in Cameroon, price rises in April
2021 in urban areas occurred because of import restrictions on rice (FEWS NET 2021b).

Physical restrictions imposed by lockdowns have reduced peoples’ access to WATSAN infrastructure
(Akseer, Kandru, et al. 2020). This poses a threat to the safe and clean processing of food and could
further reduce utilization. However, the extent of the reduced access is unclear, and is likely to be
temporary. In fact, some governments have invested in improving access to WATSAN systems as a
means to combat the COVID-19 pandemic (Serrano and Torres 2020; World Bank 2020b). This could
result in long-term benefits but depends on the durability of these investments. School closures are
likely to result in permanent learning loss, with disproportionate impacts on girls. Education on healthy
and safe nutrition is an important component of improving safe and healthy food utilization over the long
term (Akseer, Kandru, et al. 2020). Further, studies have shown that parental education is an important
driver of household nutrition, meaning the education setbacks due to COVID-19 may leave a long-term
mark on future child stunting, wasting, undernourishment, and mortality (Gakidou et al. 2010; Vaivada et
al. 2020). Thus, the impacts of education losses on food utilization and changes in access to WATSAN
are likely to manifest over multi-year to decadal timeframes (Kaffenberger 2021; Verhagen et al. 2021).

November 2021 28



COVID-19 is also shifting diets away from nutrient-dense foods such as vegetables, meat, and dairy
toward staple foods such as maize, rice, and other grains (Laborde, Martin, and Vos 2021). As noted
previously, there is empirical evidence in central Myanmar that income loss due to COVID-19 reduced
nutritious food consumption of meat and fish (Ragasa et al. 2021). These effects are mostly indirect,
occurring when increases in food prices and reductions in household income affect overall dietary
quality.

2.3.3 Estimates of immediate effects of COVID-19 on food security

The short-term effects of COVID-19 on food security have been severe and operate primarily through
impacts on food access, with smaller and mostly temporary effects on availability and utilization. Several
nowcasting attempts have projected that COVID-19 will have driven down food security in 2020, with
estimates ranging from 83 to 155 million additional food insecure people (Baquedano et al. 2020; FAO
et al. 2020; WFP 2020; Laborde, Martin, and Vos 2021; Food Security Information Network and Global
Network Against Food Crises 2021). Other nowcasting attempts have projected that by 2022 9.3
million children more under five will suffer from wasting, 2.6 million more children will suffer from
stunting, and 168,000 more children will die (Osendarp et al. 2021). The impacts of COVID-19 do not
operate in isolation but rather alongside food security threats, including conflict, political instability, and
locust outbreaks. There is a risk that COVID-19 will fuel conflict and political instability (Moyer and
Kaplan 2020), further darkening the outlook for food security in the next years. Therefore, the COVID-
|9 pandemic should be understood as a system-wide crisis, with impacts reaching far beyond the food
system and across all aspects of economic, human, and environmental development. This becomes even
more apparent when assessing the long-term impacts of COVID-19 on food security.

Table I: Emerging evidence from the literature on the immediate and long-term effects of COVID-
19 on food security.

Mechanism

Citations

Short-term Effects

Food
production,
supply chains

Awvailability: Reduced labor, physical lockdowns, disrupted
supply chains, and COVID-19 outbreaks in food processing
facilities risked bringing down agricultural production. But
government prioritization of food production has minimized
this effect.

(Laborde et al. 2020;
Laborde, Martin, and Vos
2021; Akseer, Kandru, et
al. 2020)

Trade Awvailability: International trade restrictions on food were (International Trade
put in place but have been mostly lifted. While trade has Centre 2020; WTO 2021)
taken a hit, agricultural trade has been mostly unaffected.

Disrupted Availability/Access: Physical lockdowns and international (International Trade

supply chains

travel restrictions risked disrupting supply chains, but
effective government measures on prioritization of food
have limited these effects.

Centre 2020; Laborde et al.
2020)

Food prices

Access: Food prices for many staple foods have increased
because of COVID-19, trade restrictions, rising conflict, and
the locust outbreak.

(World Food Programme
2020a; Abate, Brauw, and
Hirvonen 2020; World
Bank 2021a; Laborde,
Martin, and Vos 2021)

The Future of Food Security 29



Mechanism

Citations

Household
income

Access: The economic contraction, reduced remittances,
and physical lockdown have reduced household income.
The consumption of food has been less affected because of
reduced savings, but only for those who had the ability to
save prior to the pandemic.

(Laborde, Martin, and Vos
2021; Abate, Brauw, and
Hirvonen 2020)

Inequality

Access/Inequality: The short-term distributional effects of
COVID-19 are largely unknown, with conflicting evidence
on groups most strongly affected by household income and
rural and urban differences in impact.

(Kharas and Hamel 2020;
Mahler et al. 2021)

School closures

Access: School closures affect education, as well as access
to food from school meals.

Utilization: Limited access to school meals has the potential
to limit dietary diversity and safe food processing for
children in the poorer households.

(Akseer, Kandru, et al.
2020; Kaffenberger 2021;
UNESCO 2020; 2021)

Dietary shifts Utilization: Changing household income and food prices are  (Laborde, Martin, and Vos
projected to result in a shift away from meat, dairy, and 2021)
vegetables toward staple crops. This is a coping mechanism
for households.

WATSAN Utilization: Mixed evidence. Lockdowns reduced physical (Akseer, Kandru, et al.

access to WATSAN, but the COVID-19 pandemic has also
resulted in increased spending on WATSAN infrastructure.

2020; Serrano and Torres
2020; The World Bank
Group 2020)

Long-term Effects

Economic
growth

Availability: Reduced economic growth could reduce
agricultural investment, especially for productivity-enhancing
investments.

Access: Reduced economic growth is coupled with reduced
household income, driving up poverty and reducing access to
food.

Utilization: Reduced investment in education, WATSAN, and
health systems.

(World Bank 2021 c;
Baquedano et al. 2020;
FAO et al. 2020)

Inequality

Access/Utilization: Long-term unemployment and reduced
education are expected to increase inequality because of
COVID-19.

(World Bank 2021 ¢;
Fuentes and Moder 2021)

. Utilization: Temporary school closures tend to result in (Kaffenberger 2021;
Education long-term learning losses, higher school dropouts, and long- ~ World Bank 2021c)
term losses to human capital. Furthermore, reduced
household income may lower education intake.
Access: Lower education has long-term feedbacks to human
capital, economic growth, and inequality.
Government debt is rising, with anticipated disproportionate  (IMF 2021a; 2021b; IMF
ccl;ol;’temment impacts on government finances in countries at high risk of and World Bank 2021)
e

debt sustainability.

Availability: Reduced investments in agriculture.
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Mechanism Citations

Access/Inequality: Reduced spending on social welfare and
education, with feedbacks to inequality.

Utilization: Reduced government spending on education,
health, and WATSAN, with potential feedbacks to
education, economic growth, and inequality.

2.3.4 Estimates of long-term effects of COVID-19 on food security

Understanding the effects of COVID-19 on long-term food security presents a challenge. Historically,
data on food security is gathered through household surveys, but physical-distancing measures and
lockdowns mean that much information on the effects of the pandemic on food security in 2020 are
model-based estimates. Long-term projections of the impact of COVID-19 on food security have mostly
looked out to 2030, modeling the impact through projected reductions in GDP, reflecting the consensus
that economic accessibility will be the main pathway driving change (Baquedano et al. 2020; FAO et al.
2020; Laborde, Martin, and Vos 2021). For example, the U.S. Department of Agriculture (USDA)
projects that by 2030 the number of people suffering from hunger worldwide will be 51 million greater
than in a world without COVID-19 (Baquedano et al. 2020).

More broadly, long-term projections show that COVID-19 threatens achievement of social development
goals, with a set of scenarios projecting global increases in extreme poverty (+0.8 to +2.5 percentage
points) and undernourishment (+14 million to +45 million people) by 2030 and beyond, coupled with
rises in gender inequality and reduced access to safe water and educational attainment (Hughes et al.
2021). Reports have also looked at heightened risks of increased child mortality over the next decade as
a consequence of reduced access to WATSAN, higher food insecurity, and greater spread of
communicable diseases, most notably diarrhea (D. Headey et al. 2020; Roberton et al. 2020; Verhagen et
al. 2021; Osendarp et al. 2021). These studies show the potential widespread, long-term effects of
COVID-19 on aspects of food security and, more generally, human development.

2.3.5 Long-term effects of COVID-19 on drivers of food security

The long-term effects of COVID-19 will likely be broad and encompass many systems critical for human
development and food security. Most long-term effects are driven by broad changes in development
trends that have forward impacts on food availability, access, and utilization. The links between these
effects and food security may sometimes appear indirect, but these longer-term changes can be
important determinants of the level of food security that can be projected in a post-COVID-19 world.
For example, changes in food prices are important determinants of the impacts of the pandemic on food
security today, but such COVID-induced changes may not pertain two decades hence. Similarly, today’s
lockdowns and school closures result in reduced physical access to food and school meals but are
unlikely to pertain after restrictions have been lifted. But school closures also result in learning losses
that can persist over time and in reduced education levels in the adult population over the next two
decades, with forward effects on human development, economic growth, and indicators of food security.
Many of these insights are based on emerging evidence and are shrouded in considerable uncertainty.
Below, we describe the current understanding of how COVID-19 may shift long-term trends in food
security.
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COVID-19 and economic growth. The pandemic and the policy responses to curb the spread of the
virus have resulted in a global, strong, but unequal economic downturn. The continued spread of the
virus and the uneven distribution of vaccines will result in a global but uneven economic recovery (IMF
2021b) that risks further aggravating existing differences in socioeconomic and human development
(Verhagen et al. 2021). Even as economies recover, there is concern that economic growth will be
negatively impacted for as long as a decade. Several pathways will determine the long-term effects of the
pandemic on economic growth (Fuentes and Moder 2021; World Bank 2021c).

The first pathway is through investment. A smaller economy and downward demand, driven by lower
household incomes, makes some capital obsolete. This will be particularly relevant for certain sectors.
For example, long-term reduced use of office spaces will reduce profits for leasing and cleaning
companies. Together with a uncertain recovery and hesitancy to invest, this may result in a structural
downturn of investment, especially among the most innovative investments (World Bank 2021c). More
directly for food availability, the reduction in innovative investments can reduce growth in agricultural
production in low- and middle-income countries.

Similarly, labor is another pathway through which COVID-19 affects long-term economic growth. The
duration of the pandemic and associated rises in unemployment may increase the risk of long-term
unemployment. Again, this effect is unlikely to be evenly distributed, primarily affecting certain sectors
with limited availability to work from home (IMF 2021b). Another long-term labor effect is through
education. Reductions in education today will result in a lower skilled labor force in the future, and if no
counter actions are taken, further driving down economic growth (Kaffenberger 2021).

Together, reductions in investment in capital, in the labor force, and in capital and labor productivity
could have prolonged downward effects on economic growth (Fuentes and Moder 2021; World Bank
2021 c). Initial estimates, based on a comparison across previous pandemics, suggest a long-term
reduction in labor, capital, and total factor productivity five years from now (Fuentes and Moder 2021).
More generally, downturns in economic growth and GDP per capita are projected to force down the
ability of households, governments, and businesses to invest in economic and human development out
to 2040, impacting a wide array of socioeconomic indicators that jointly drive food security.

COVID-19 and government finances. Another pathway through which COVID-19 may have long-
term scarring effects is through its impacts on government finances and debt. Government investments
in health and measures to limit the economic fallout from the pandemic have resulted in significant
increases in government indebtedness. At the global level, on average, fiscal deficits widened by 14.1
percent points of GDP in 2020 and an additional 2 percent was expected by 2021 (IMF 20213a; 2021b).
This increase in government debt primarily falls on advanced economies (+17.9 percent in 2020),
followed by emerging economies (+9.9 percent in 2020) and low-income countries (+5.2 percent) (IMF
2021a). While the strongest increases are observed in high-income countries, the risks of rising
government debt to financial stability are expected to mainly fall on countries with high levels of
government debt prior to the pandemic (IMF and World Bank 2021; IMF 20213a; 2021b).

There is much debate over the forward effects of rising government debt on economic growth,
especially following the financial crisis of 2008 — 2009 (Caner, Grennes, and Koehler-Greib 2010;
Herndon, Ash, and Pollin 2014; Reinhart and Rogoff 2010; 201 ). Less contested is the notion that in the
future, governments will need to realign their revenues and expenditures. This could come at a cost to
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government investment in health, education, WATSAN, agriculture, and the social welfare system, with
long-term consequences for food utilization and food security in general.

COVID-19 and education. A third pathway through which the pandemic is likely to have impacts in
the long term is education. Education will be simultaneously affected by reduced government spending
and contracted household incomes, but also more directly through school closures. School closures are
resulting in learning losses across the globe, with a disproportionate impact on girls (UNESCO 2020;
World Bank 2020c). After restrictions cease, there is considerable risk the economic downturn will
result in additional school dropouts, with some students not returning to school or failing to pursue, for
example, tertiary education (UNESCO 2020). Even without this prolonged education downturn, losses
in learning today can aggravate over time without policy responses, resulting in greater future learning
losses (Kaffenberger 2021). Reduced educational attainment can drive down economic growth by
reducing the skills of the labor force. It can result in gaps in parental education, resulting in child
stunting, undernourishment, and mortality. And educational gaps foster societal inequality in the long run
(Vaivada et al. 2020). Taken together, that means losses in education today will cause downturns in
drivers of food security for the near to long term future.

COVID-19 and rising inequality. There is much uncertainty about the effect of COVID-19 on
inequality. Initial household surveys show contrasting evidence. Rising food prices often negatively affect
the poorest, who spend the greatest share of their limited incomes on food. But income shocks have
also been shown to most impact middle-income households (World Bank 2020d). As a result,
assessments of the impact of COVID-19 on poverty have either used a distribution neutral assumption
or various assumptions about positive and negative changes in inequality (Kharas and Hamel 2020;
World Data Lab 2020; Mahler et al. 2021).

In the long term, the downturn in economic growth, the reduction in educational attainment, reduced
government spending and government benefits, growth in long-term unemployment, and
disproportionate effects on females and youth tied to the pandemic are expected to further increase
inequality (Fuentes and Moder 2021; World Bank 2021c). Although underlying data and analysis are
contested, analyses show that previous pandemics have resulted in a rise in inequality, primarily driven
by changes in economic growth and education (Furceri et al. 2020). Generally, persons more vulnerable
to income shocks from COVID-19 work in agriculture, have low levels of formal education, and/or live
in rural areas. Over the long-term, poorer households will therefore have less beneficial recovery
trajectories compared to their more affluent counterparts (Hill and Narayan 2020; Swinnen 2020).
Previous evidence, emerging data, and more conceptual understanding of coping mechanisms in the face
of crises suggest that COVID-19 is likely to increase inequality over the long-term (Hill and Narayan
2020; Furceri et al. 2020; World Bank 202 c; Swinnen 2020) unless significant changes to government
policies are made over the next year and maintained over the next decade.

In conclusion, we have identified a set of potential pathways through which COVID-19 can affect long-
term food security. While economic growth and inequality primarily operate through a food accessibility
pathway, additional secondary effects are expected for food availability and utilization. Thus, COVID-19
is affecting a wide array of underlying drivers of food security in the long run. Many immediate effects
are short lived, with anticipated minimal effects on trade, or physical lockdowns restricting access to
markets, school meals, and WATSAN. But without changes in policy, today’s COVID-19 effects are
expected, through multiple development pathways, to make marks on human and economic
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development for decades to come. In the next section, we build on these insights to construct scenarios
describing alternative development pathways for food security with and without COVID-19.

3. Scenario framework for assessing the
future of food security

3.1 Scenario framework

We use scenario analysis to explore the potential impact of COVID-19 on future food security,
representing COVID-19 through a set of shock effects in 2020-2022, and focusing on those shocks
likely to result in longer-term economic and human development downturns. We develop three
scenarios: one counterfactual that represents a world without COVID-19, and two that represent a
world in which COVID-19 has negative long-term consequences on socioeconomic and human
development:

e The No-COVID scenario is a counterfactual scenario used to assess the effect of COVID-19 on
food security. It represents a world in which COVID-19 did not occur and follows our best
understanding of the development trajectory of individual countries prior to COVID-19.

e The COVID-19 Current Path scenario is a baseline scenario representing a world in which current
COVID-19 trends continue, making use of emerging data series and other scenario forecasts on
the impacts of COVID-19. In this scenario, vaccine rollout is effective against multiple strains of
the virus, slowly limiting COVID-19 related deaths in 2021 and 2022 and the economic
consequences of lockdowns. Economic growth follows most recent projections, with a strong
bounce back in 2021 and 2022, and trade largely resumes its pre-pandemic patterns. However,
there are still real and long-lasting effects on human development from school closures,
increasing inequality, and rising government debt levels. The scenario assumes that governments
take no actions to recover the loss in education from school closures or the rise in inequality
and government debt levels. The long-term effects are largely shaped by the reduction in
economic size and household income and primarily develop through reduced economic
accessibility to food.

e The COVID-19 Unequal Paths scenario is a downward scenario representing a world in which the
struggle with COVID-19 continues, and long-lasting scarring effects primarily fall on the most
vulnerable countries. In this scenario, vaccine rollout is slow outside of high-income countries,
resulting in continued deaths and the emergence of virus variants in many low-income and
emerging economies, with downward projections for economic growth and recovery from
202010 to 2022. Inequality rises further, especially in countries with large informal economies
and lower government capacity to manage welfare payments. Additional school closures result

10 Growth rates for 2020 are increasingly being based on data, rather than estimated growth projections. Still, we opted for changing the
growth rates given that still much is unknown about effects of the pandemic in 2020 and growth rates vary considerably between different
agencies, even for 2020.
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in larger permanent downturns in education quality and increasing numbers of dropouts,
especially among females and regarding tertiary education. Government debt reaches
unsustainable levels in countries with already elevated debt, resulting in negative effects on
economic growth and increased pressure on government spending on education, health, WASH,
and welfare payments. This scenario sketches a world in which existing vulnerabilities are
further aggravated by the pandemic, resulting in additional long-lasting effects on economic and
human development. The negative long-term effects of COVID-19 multiply existing country-
level vulnerabilities and operate through effects on economic accessibility, food utilization, and
general patterns of economic and human development.

The above scenarios aim to sketch contrasting and
diverging worlds with different development trajectories
and consequences for drivers and indicators of food
security at national, regional, and global levels. However, We develop two COVID-19 scenarios
these scenarios are not capable of capturing the full range  tracking the effects of the pandemic on
of uncertainty associated with the direct and long-term ez::z:‘:;s:?i:::; '::i';ﬁ ;“::::::i)gn
impacts of COVID-19. Nor do they sketch worlds in Igoss. We also develop’ one No-COVID-
which policymakers actively try to steer development 1) i [ A B AT | o T E e

through implementation of policies aimed at additional

recovery. To capture some of the uncertainty surrounding these estimates, we provide additional
varying scenario assumptions on economic growth and inequality in Appendix D. To assess the
uncertainty in growth projections across agencies, we ran a scenario with World Bank growth rates
(World Bank 2021b). To assess the uncertainty in the additional downward revision, we varied the -1.5
percent assumption. These additional scenario assumptions serve a dual purpose: |) to identify the range
of uncertainties surrounding the proposed estimates, and 2) to identify critical assumptions, i.e., drivers
that have a strong effect on long-term projections of food security.

Methodological insight

3.2 The International Futures model

We operationalize this scenario analysis in the International Futures model (IFs). The International
Futures model is a modeling platform designed for projections of long-term development patterns
across areas of human, socioeconomic, and biophysical systems. It falls within a broader set of integrated
system models, tools designed to answer multidimensional integrated questions on long-term human
and environmental development. |IFs represents the world as a set of interconnected systems across
agriculture, demography, economics, education, governance, health, infrastructure, trade, and
environmental change. It provides projections across all these domains, in integration, for 186!
countries, going out to 2100. IFs has been widely used in policy-science interface to inform strategic
thinking across a host of development topics, with a recent specific focus on questions about COVID-19
and human development, as well as in the academic literature. The model is open source, and
documentation can be found online.12 For a further description of the model and its core components,
see Appendix C.

'"IFs provides projections for 186 countries. However, for the analysis presented here we exclude Libya, given GDP growth rates of -59.7 percent
in 2020 and +131.0 percent in 2021, according to IMF.
12 https://pardee.du.edu/wiki/Main_Page
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The IFs model represents various indicators of food security at the country level. It projects long-term
forecasts of extreme poverty, prevalence and number of people undernourished, and child stunting. The
IFs model is the only modeling platform capable of projecting food availability, food accessibility, and
food utilization endogenously. Food availability is broken down into crops, meat, and fish and is driven
by changes in domestic agricultural production through land use and production intensity coupled with
international trade of food. In general, food availability aims to meet food demand and is limited by
biophysical constraints on land availability and intensity of production, both domestically and
internationally. Food accessibility is a combination of food availability with access to food. Access to
food is determined by demand for food, driven by changes in economic affluence and population size. In
addition, economic accessibility is driven by changes in food prices, coupled with an indicator on
inequality to food access. Last, the IFs model represents food utilization for indicators of child
malnourishment. Food utilization is driven by aspects related to a deficient household environment.
These indicators include access to safe water and sanitation and levels of maternal education. For a
further description of food security in the IFs model and the specific formulations used for the forecasts,
see Appendix C.
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Table 2: Scenario assumptions informing the No-COVID, COVID-19 Current Path, and COVID-19 Unequal Paths scenarios, including data

sources to inform the scenario assumptions.

No-COVID

COVID-19
Current Path

COVID-19
Unequal Paths

Data sources

GDP growth

Country-level GDP for
2020-2022 follows pre-
COVID GDP growth
rates. Beyond 2022, the
GDP growth follows the
IFs endogenous forecast.

Country-level GDP growth for
2020-2022 comes from IMF
GDP growth forecasts."?

Country-level GDP growth in 2020,
2021, and 2022 from the Current Path is
lowered by 1.5 percent across all
countries.

World Economic Outlook
(WEO) GDP growth rates
for 2020-022 from IMF
(IMF 2021b). Beyond 2022,
the GDP growth follows
the IFs endogenous
forecast.'

Inequality

Distribution of income
and of calories at the
country level is kept
constant at the 2019
level.

COVID-19 increases inequality
in distribution of income and
distribution of calories, across all
countries by +| percent. The
increase is assumed constant
over time.

COVID-19 increases inequality, with a
disproportionate impact on countries
with low government capacity. The
distribution in income and in calories is
unchanged in countries with high
government capacity and further
increases in countries with medium (+1

percent) and low capacity (+2 percent).

Own projections on
government capacity from
the IFs model, internal
calculations of coefficient
of variation (caloric
distribution) and data from
World Bank on Gini
(income distribution)
(World Bank 2020a).

Government Government debt follows COVID-19 increases COVID-19 increases government debt  (IMF and World Bank
debt a pre-COVID trajectory ~ government debt according to according to income level group. In 2021; IMF 2021a).

and no change to income level group. The model countries with high risk of debt

revenues and endogenously calculates effects unsustainability, this results in an

expenditures associated on economic growth and additional reduction in government

with COVID-19. government expenditures. expenditures of 5 percent for the next

decade across all spending categories.

Education Education follows a pre- COVID-19 increases dropouts, Dropouts are multiplied by a group- (Azevedo et al. 2020;

COVID trajectory, with
no change to quality or

following estimates by UNESCO
specified for income level group,

dependent multiplier of 1, 1.5, and 2,
depending on the extent of school

UNESCO 2020; 2021).

13 Pre-COVID estimates on GDP growth stem from 2019, whereas COVID-19 estimates are from 2021. This sometimes results in countries having higher GDP growth in 2020 with COVID-19. This
is unlikely to stem from a positive economic growth effect, but rather reflects more recent information regarding economic conditions. In other words, we still assume those countries to have higher
growth rates without COVID-19. We adjusted GDP growth rates for a small subset of countries in 2020-2022 such that No-COVID scenario growth rates are better or equal than COVID-19 growth

rates for all countries.

4 Appendix D contains a sensitivity analysis in which: 1) GDP growth rates are based on World Bank projections, and 2) we adjust growth rate and inequality assumptions to assess the sensitivity of

the results to these drivers.
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No-COVID

COVID-19
Current Path

COVID-19
Unequal Paths

Data sources

dropouts from COVID-
19 school closures.

sex, and level of education.
Education quality is reduced,
following the baseline scenario
estimates by the World Bank,
per income group.

closures. Education quality follows the
worst-case scenario across all groups
and is multiplied by the same group-
dependent factor.

Child
malnourishment

Child malnourishment
follows a pre-COVID
trajectory.

Child malnourishment follows
the endogenous IFs forecast,
without any additional COVID-
19 effects.

We account for additional short-term
effects of COVID-19 on child
undernourishment by raising both child
wasting and child undernourishment by
[4 percent in low- and middle-income
countries in 2020 and allowing these
rises to fully feed forward to child
stunting.

(Headey et al. 2020;
Headey and Ruel 2020;
UNICEF, WHO, and
World Bank Group 2021).

Additional
COVID-19 shock

No additional shock.

Rise in 2020 mortality per
country, and an increased trade
elasticity to GDP in 2020 and
2021.

Like Current Path, rise in 2020 mortality
per country and an increased trade
elasticity to GDP in 2020 and 2021.

(IHME 2020; WTO 2021).
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3.3 Scenario assumptions and indicators

The scenario narratives and specific assumptions in this report are informed by previous studies,
emerging data, insights from the literature, and an expert consultation. We organized a series of six
expert meetings with representatives from World Bank, International Food Policy Research Institute,
USAID, and universities (for a list of participants, see Appendix A). The meetings were organized around
scenario assumptions on COVID-19 effects on economic growth, inequality, education, and government
finances.

Table 2 provides an overview of scenario assumptions and sources of data for the No-COVID, Current
Path, and Unequal Paths scenarios. We compare the three scenarios for indicators of extreme poverty,
undernourishment, and child stunting at the regional and global levels, out to 2040. In addition, we
quantify underlying drivers of food security, and changes therein, over the same period to assess the
pathways through which COVID-19 affects food security. GDP growth rates for 2020 to 2022 across
the different scenarios were taken from the April 2021 IMF WEO (IMF 2021b). In the Unequal Paths
scenario, we further decrease GDP growth by -1.5 percent in all three years. This is an assumption, and
we test the sensitivity of the results to alternative growth adjustments in Appendix D. We opted for -
|.5 percent because the global mean difference in GDP growth projections from World Bank and IMF
are about |.5 percent in 2020 (World Bank 2021b; IMF 2021b) and differences in growth rates from IMF
from April 2020 to April 2021 also vary by about 1.6 percent (IMF 2020; 2021b). Thus, -1.5 percent
seems a reasonable downward adjustment. Although 2020 is in the past, we adjust GDP growth rates
for this year as well, since there are still considerable differences between 2020 GDP growth rate
estimates from various international organizations. For education, the scenario interventions are
implemented from primary to tertiary levels. While dropouts are specific to education level, effects on
education quality and the multiplicative effects of school closures are not, since no projections or data
were available for this. In both COVID-19 scenarios, we also implemented an additional shock-effect of
the pandemic to capture some possible short-term consequences that are hard to fully represent in a
model designed for long-term projections. We represent the same set of shocks across all scenarios.
They include additional imposed mortality in 2020 based on IHME numbers and a trade elasticity to
GDP. However, neither of these assumptions affect long-term forecasts in the IFs model. In addition, in
the Unequal Paths scenario we implement an additional shock to malnourished children and child
wasting, to capture some of the uncertainty concerning immediate effects on child malnourishment and
stunting. These scenarios capture a wide set of potential effects of COVID-19, with a focus on
interventions with longer-term effects on food security.

We quantify the effects of COVID-19 on outcome indicators (Section 4) and on underlying drivers of
food access, availability, and utilization at both the regional and global levels. Some results are also
presented for sets of countries. As introduced earlier, the regions discussed in this report are Canada
and the U.S,, Latin America and Caribbean, Europe, Commonwealth of Independent States, Middle East
and North Africa, sub-Saharan Africa, Southern Asia (with results strongly driven by India), and Eastern
Asia (with results strongly driven by China), Southeast Asia, and Oceania. For descriptions, see
Appendix B.
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4. Results: Quantifying extreme
poverty, undernourishment, and child
stunting in 2040, and the effect of
COVID-19 thereon

Purpose: This section quantifies the three outcome indicators for food security in 2020 and out to
2040, with and without COVID-19. For each indicator, we first discuss the baseline trend out to 2040
using the Current Path scenario, which includes impacts of COVID-19. This helps the reader
understand general projected trends across development indicators. Next, we quantify the effect of
COVID-19 in 2020 and 2040 on these three indicators. The analysis provides insights on the effects of
COVID-19 on extreme poverty, undernourishment, and child stunting, relative to overall trends in
development. Results are presented for regions and the world.

4.1 COVID-19 and extreme poverty
4.1.1 Trends in global extreme poverty to 2040 with COVID-19

Poverty is driven most directly by changes in household income and economic growth and the
distribution of household income within a country. COVID-19 is affecting poverty by changing both
economic growth and the distribution of household
Prevalence of extreme poverty income. While household savings can offset income
shocks, levels of such savings tend to be small in low-
Even considering the impacts of COVID-19, income economies, especially for poor to near-poor

gradual progress is expected in lowering households. To understand the effects of COVID-19
extreme poverty worldwide over the next

on extreme poverty, we first describe overall trends in
two decades. In the Current Path scenario, P 4

extreme poverty is projected to decrease these three indicators in the Current Path scenario,
from 10.1 percent in 2020 to 7.2 percent in  Which already includes effects of COVID-19. We
2040. estimate extreme poverty in the Current Path scenario

to have risen in 2020'5 to 10.1 percent, from 8.9
percent in 2019. This is the first rise in global extreme poverty since 1998.

According to this analysis, the world is still set to make gradual progress in eradicating poverty over the
next two decades (Figure 4). The prevalence of extreme poverty drops from 10.| percent in 2020 to 7.2
percent in 2040. Progress on eradicating absolute numbers of extreme poverty is much more
challenging given high population growth, especially in areas with already high levels of extreme poverty

'* When this analysis was performed, no data was available for 2020 that fully captured the COVID-19 effect on global extreme poverty,
undernourishment, or child stunting. Data collection for these indicators strongly depends on household surveys, which have been largely
suspended by COVID-19. This means that for 2020 we strongly rely on projections to understand the effects of COVID-19 on human well-
being indicators at the global level. As such we project these indicators but use 2020 estimates.
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today. Extreme poverty drops from 783.6 million in 2020 to 666.3 million in 2040, only slightly lower
than the 687 million extremely poor people in 2019.

Figure 4: Global extreme poverty across the three scenarios, projected out to 2040.
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Note: Extreme poverty is measured as the number of people living with less than $1.90 per day. Projections start in 2017.
Source: Authors’ calculations.

Extreme poverty is unequally distributed across world regions. Of the global population living in poverty
in 2020, 59.7 percent were in sub-Saharan Africa and 25.9 percent were in Southern Asia. By 2040, the
distribution of extreme poverty is projected to be even more skewed toward sub-Saharan Africa, with
74.1 percent of all people in extreme poverty living there, and | 1.8 percent in Southern Asia. Across all
world regions, the prevalence of poverty is projected to drop, from 41.9 percent in sub-Saharan Africa
in 2020 to 27.2 percent in 2040, and from 10.5 percent in 2020 in Southern Asia to 3.5 percent over the
same period (Figure 5). But while the prevalence of poverty is projected to drop in sub-Saharan Africa,

the absolute number of people in extreme poverty in the region “4"  Geographic distribution of

is projected to increase due to strong population growth, going extreme poverty

from 467.5 million in 2020 to 493.7 million in 2040. Only 25 out

of the 49 countries in sub-Saharan Africa are projected to have =~ Extreme poverty today is

lower absolute numbers of people living in poverty in 2040 primarily concentrated in

compared to 2020. In other regions poverty is projected to Sou.thern — a,“‘? Sub-§aharan

drop both as percentage of the population and in absolute Africa. By 2040 ic is pr0|ec.ted that
74.1 percent of all people in

number of people. In Southern Asia progress is strongly driven extreme poverty will live in Sub-

by the reduction of poverty in India. Saharan Africa.

Other regions had much smaller shares of the global population living in extreme poverty in 2020, with
the Middle East and North Africa (4.8 percent), Oceania (6.0 percent), Southeast Asia (4.4 percent), and
Latin America and the Caribbean (7.0 percent) all above 3 percent (Figure 5). That in itself, of course,
does not mean that extreme poverty is necessarily lower across all these countries. For example, Papua
New Guinea (with 22.4 percent of the population in extreme poverty in 2020) makes up 80.3 percent of

The Future of Food Security 41



all extreme poverty in the Oceania region, and Yemen (with 53.1 percent of the population in extreme
poverty in 2020) accounts for 61.5 percent of all extreme poverty in the Middle East and North Africa
region. In the top |5 countries with the highest levels of poverty in 2020, only Yemen (rank 12) and
Venezuela (rank | 1) are countries not in sub-Saharan Africa or Southern Asia. Thus, global extreme
poverty in 2020—and even more so out to 2040—is predominantly oriented toward sub-Saharan Africa

and to a lesser extent Southern Asia.

Figure 5: Prevalence of extreme poverty across world regions, in the Current Path scenario.
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population in poverty (Canada and U.S., Commonwealth of Independent States, Eastern Asia, Europe).
Source: Authors’ calculations.

4.1.2 Quantifying the effect of COVID-19 on extreme poverty in 2020 and 2040

We study the effects of COVID-19 on extreme poverty by quantifying the difference between a No-
COVID counterfactual and two COVID-19 scenarios (Current Path and Unequal Paths). We do not
provide a single point estimate but rather quantify the range of the two COVID-19 effects on extreme
poverty out to 2040. COVID-19 results in a 6- to |2-year setback in poverty eradication at the global
level by 2040. This means that the poverty prevalence in 2040 in the Current Path scenario would have
been reached six years earlier in the No-COVID scenario (2034), and the No-COVID scenario reaches the
level of poverty in 2040 in the Unequal Paths scenario 12 years earlier (2028). Overall, COVID-19 slows
down progress on eradicating extreme poverty, without reversing the global trend of slow and gradual
progress. The effects of COVID-19, without changes in policy, are persistent out to 2040, with higher
poverty numbers compared to a No-COVID world.
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COVID-19 increased global extreme poverty in 2020 by 14.9
percent to 7.3 percent, or an estimated 101.9 to |18.3 million,
depending on the COVID-19 scenario (Figure 4). This estimate
lies between poverty estimates produced by others, with
analysis by Laborde, Martin, and Vos (2021) projecting a rise in
poverty of |50 million, an analysis by Sumner, Hoy, and Ortiz-
Juarez (2020) ranging between 84.9 million to 419 million, an
analysis by World Bank projecting a rise of 97 million (Mahler et
al. 2021), and at the lower end, estimates projecting increases
between 39 million and 60 million (Bill & Melinda Gates
Foundation and IHME 2020; Kharas and Hamel 2020). While
most of these studies use GDP growth rates to project poverty
values, a one-to-one comparison across these estimates is
challenging because GDP growth forecasts have changed
substantially over the last year,1é and substantial differences
exist between studies that do or do not account for changes in
inequality because of COVID-19.

7N

- Extreme poverty in 2020
and in 2040

COVID-19 is estimated to have
increased extreme poverty in 2020
by 101.9 (Current path) to 118.3
(Unequal path) million, relative to
a No-COVID scenario. This is the
first rise in global extreme poverty
in this century.

In 2040 our projection shows
COVID-19 slows down the
progress on eradicating extreme
poverty, resulting in a 6 to |2-year
setback in lowering extreme
poverty relative to a world
without COVID-19.

By 2040, COVID-19 is projected to increase global extreme poverty by 18.5 percent to 35.2 percent, or
an estimated 103.9 to 198.3 million people (Figure 4) as compared to a no-COVID scenario. Among
other things, the 94.4 million difference between the two COVID-19 scenarios shows not only the great
uncertainty associated with COVID-19 effects in general, but also the risk that additional long-term
scarring effects of the COVID-19 pandemic could carry for increasing extreme poverty. The 94.4 million

difference between the two COVID scenarios is roughly the size of the number of people in extreme
poverty in Nigeria today (91.2 million). Based on previous economic shocks and pandemics, many

scholars fear COVID-19 could have longer-term negative effects across systems of economic growth,
education, inequality, and government finances, highlighting the need to implement policies today that

can minimize these longer-term risks.

The increase in poverty from COVID-19, relative to a No-COVID scenario, primarily falls on sub-Saharan
Africa and Southern Asia. In sub-Saharan Africa, estimates of the growth in poverty from COVID-19
vary from 27.8 to 34.6 million in 2020 and rise to 55.3 to |13.8 million by 2040 (Figure 6). For Southern
Asia, rises in poverty from COVID-19 have larger immediate effects in 2020 (53.0 to 59.2 million) but
smaller longer-term effects (22.8 to 43.1 million). These differences in regional dynamics are largely
determined by differences in population growth, since both world regions see a net decrease in the
prevalence of poverty from 2020 to 2040 across all scenarios. These projections suggest that not only
will COVID-19 increase poverty out to 2040, relative to a No-COVID scenario, but more importantly,
these increases in poverty will primarily occur in already-vulnerable regions.

¢ To assess the importance of GDP assumptions and distributional effects, we provide a sensitivity analysis in Appendix D.
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Figure 6: Additional people in extreme poverty, between a No-COVID scenario and the two COVID-

19 scenarios, in 2020 (top panel) and out to 2040 (bottom panel).
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4.2 COVID-19 and undernourishment
4.2.1 Trends in undernourishment to 2040 with COVID-19

The number of undernourished people and the PoU in the population are driven by changes in calories
per capita at the country level, and the distribution of calories across the population. These are the
result of changes in food availability through agricultural production and trade, food access through
economic changes, demand-side effects, and to a lesser extent by food utilization related to dietary shifts
from vegetables and meats to staple crops. All these systems change over time, but COVID-19 is
primarily affecting food accessibility and the distribution of calories within populations, with smaller
anticipated effects on overall food availability and food utilization. Before we assess the effect of COVID-
19 on undernourishment, we focus on general trends in undernourishment over time from the Current
Path scenario. In 2020 in the Current Path scenario, undernourishment is affecting | 1.3 percent of the
global population, up from a level of 10.9 percent in 2019.

The PoU is projected to gradually drop over the next two N/ |
decades, largely driven by more affluent populations with higher A%
demand for calories per capita, in scenarios with and without
COVID-19. The prevalence of undernourishment drops from Despite thf! effects of COVID-19,
I'1.3 percent in 2020 to 8.6 percent in 2040, whereas absolute the(;;vo:*ld is still s'et Ito msze h
numbers drop from 876.6 million in 2020 to 795.0 million by f):aev:Iaenzzog;.ifc;:r:xi:;:ite:t
2040 (Figure 7). Rises in GDP per capita result in higher food by 2040.

demand, with calories per capita increasing from an average of

2,100 per capita per day in 2020 to 3,100 calories per day in 2040. The rise in per capita demand
coupled with population growth means that the world is facing increased challenges to feed a rising
population, but the global agricultural system is projected to be able to keep up with global food
demand. The projected improvements in undernourishment are primarily driven by rising household
income resulting in increased calories per capita.

Undernourishment

Undernourishment has been on the rise in the last few years. This is largely attributed to rising levels of
conflict (FAO et al. 2020), but it is unclear whether this trend is likely to continue in the future. Two
recent reports providing longer-term projections on food security follow the same trajectory, with an
initial increase in undernourishment in 2020 and 2021 followed by a gradual decline to 2030. The
scenarios presented here account for some continued effects of conflict and climate change on food
security, but do not incorporate major disruptive events from climate change, conflict, political
instability, or future pandemics on food security.
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Figure 7: Global undernourishment across the three scenarios, projected out to 2040.
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Figure 8: Prevalence of undernourishment in the Current Path scenario across world regions.
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The distribution of undernourishment follows a similar pattern as that of extreme poverty but is less
concentrated in sub-Saharan Africa and Southern Asia (Figure 8). In 2020, the largest share of the
undernourished population was in sub-Saharan Africa (22.8 percent), followed by Southern Asia (15.2
percent). The PoU is lower in other regions, but still above five percent in Eastern Asia (7.6 percent),
the Middle East and North Africa (9.3 percent), Southeast Asia (10.8 percent), and Latin America and
the Caribbean (7.6 percent).

As 2040 approaches, progress is projected in reducing undernourishment across most world regions,
with the largest decline in sub-Saharan Africa and Southern Asia. However, coupled with population
growth, there are strongly opposing trends across regions in the number of undernourished people,
with strong declines in Eastern Asia (-42.4 million) and Southern Asia (-70.2 million), driven respectively
by China and India and, to a lesser extent, Bangladesh. The opposite is true for the Middle East and
North Africa (+7.9 million), sub-Saharan Africa (+40.9 million), and Latin America (+1.2 million), where
the number of undernourished people is projected to be greater in 2040 relative to 2020. By 2040, out
of all undernourished people, 38.5 percent are projected to live in sub-Saharan Africa, and 27.8 percent
in Southern Asia. At the country level, the largest increases in the Current Path scenario in
undernourishment occur respectively in Tanzania and Nigeria in sub-Saharan Africa, and Yemen, Egypt,
and Iraq in the Middle East and North Africa region. In Latin America, the rise in undernourishment is
almost entirely driven by Venezuela, which in recent years has seen a spike in undernourishment from
economic, political, and food crises.\Z

4.2.2 Quantifying the effect of COVID-19 on undernourishment in 2020 and 2040

We study the effect of COVID-19 on undernourishment by comparing a No-COVID scenario to two
COVID-19 scenarios. Within these scenarios, COVID-19 has direct effects on undernourishment,
driven by lower economic growth and changes in the distribution of calories across populations. The
primary pathway causing change in undernourishment is through food access and inequality. In the
longer-term, economic growth reductions further increase undernourishment. For instance, decreased
agricultural investments reduce crop yields and the amount of land under cultivation. As government
finances decrease, so does investment in access to WATSAN and education (see Section 5 for more
detail on the underlying drivers).

By 2040, COVID-19 results in a 4- to 8-year setback in the PoU. In other words, the levels of
undernourishment reached in 2040 in the Current Path scenario would have been reached four years
earlier without COVID-19. This setback is slightly less pronounced than the setback to poverty, as some
households can lessen economic impacts by spending larger shares of their income on food and/or by
shifting diets away from diverse and nutrient-rich foods, such meat and vegetables, toward staple foods
in order to maintain a certain level of calorie consumption. Of course, consumption shifts as a coping
mechanism are less of an option for already poor to near-poor households across the world, which
allocated a large share of their consumption to food prior to COVID-19. In addition, these types of
shifts in dietary patterns are likely to have negative impacts on affected households (e.g., reduced
protein and micronutrient intake).

17 Of course, it is possible that the economic, political, and food crisis in Venezuela will be resolved in the near future. In 2020, the country’s
GDP growth rate was projected at -30 percent. The IFs model projects negative growth until 2027, and afterward, it projects positive growth,
albeit at low rates.
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In 2020, we estimate a rise of 5.8 percent to 6.5 percent in global undernourishment, equivalent to an
increase of 48.4 to 53.9 million people, relative to a No-COVID
scenario (Figure 7). In the Current Path scenario, the effects of
COVID-19 in 2020 are followed by gradual declines in
X y=0s undernourishment in the following years because of economic
19 resulted in a rise in . . .
undernourishment of 48.4 to 53.9 recovery. The Unequal Paths scenario describes a world with
million globally, relative to a No- both short-to-medium-term effects, with gradual declines
COVID scenario. starting from 2025 onward. Thus by 2025, the effects of
COVID-19 on undernourishment are projected to diverge
more strongly than in 2020 across the scenarios, with increases ranging between 37.7 to 72.7 million,
relative to the No-COVID scenario.

Undernourishment in 2020

In 2020, our analysis shows COVID-

These estimates are at the lower end of other projections of the impact of COVID-19 on
undernourishment. The USDA estimates an additional 83.5 million people would suffer from
undernourishment in 2020 and the FAO estimated 83 to 132 million additional people would live in
hunger the same year. This range of estimates shows the uncertainty associated with undernourishment
in 2020 because of COVID-19. What we do know is that much uncertainty is associated with GDP and
distributional effects from COVID-19. We provide a sensitivity analysis in Appendix D.

We project undernourishment to increase globally because of . Urelarme o e i
the pandemic by 6.2 percent to |2 percent by 2040, equivalent 2040
to a rise of 46.5 million to 90.0 million people, relative to a No-

COVID scenario (Figure 9). The difference between the two By 2040 our projection shows
COVID-19 scenarios suggests a potential doubling of the effect COVID-19 will result in an

on undernourishment by 2040, assuming additional longer-term increase in undernourishment of
downturns and no policy changes to boost inclusive economic 6.2 percent to 12 percent, relative
growth and human development beyond the pandemic. The to a No-COVID scenario. The
difference of 43.5 million between the two COVID-19 scenarios zgr;lelger.;mmﬂc ynequal Paths

. . . -19 scenario thus roughly

is equivalent to the total number of people undernourished doubles the effect on

today in Pakistan (also 43.5 million, which in 2020 ranked third undernourishment.

highest across all countries in undernourishment), showing the

extent of the potential additional effect from slowed economic recovery, continued education losses,
constrained government finances, and rising levels of inequality, as depicted in the Unequal Paths
scenario. In 2019, 835.9 million people suffered from undernourishment, a level that would only be
reached in 2041 in the Unequal Paths, scenario. This suggests that this downside scenario indicates higher
levels of undernourishment globally for the next two decades, relative to 2019.

November 2021 48



Figure 9: Additional number of undernourished people between a No-COVID scenario and the two
COVID-19 scenarios in 2020 (top panel) and in 2040 (bottom panel).
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COVID-19 increases undernourishment primarily in the two
regions already struggling with food insecurity (Figure 9). In
2020, the undernourished population is estimated to have
increased by 8.3 to 9.7 million in sub-Saharan Africa and 21.5 to
23.6 million in Southern Asia. Importantly, the estimated
increase in Southern Asia is based on data prior to the 2021

Geographic distribution of
undernourishment

COVID-19 is projected to increase
undernourishment primarily in the
two regions already struggling

with food insecurity, from 13.8 to outbreak of COVID-19 in India and other countries in Southern
30.8 million in sub-Saharan Africa  Asia, and the associated human and socioeconomic losses!8 By
and from 14.4 to 27.0 million in 2040, these regions are projected to continue to experience

_so‘z‘szgm I;\Sif‘l betwe;n 2C0g)VTI1)d the largest impact of COVID-19 on undernourishment, with
Isr::enari;re ative to a No- increases of 13.8 to 30.8 million in sub-Saharan Africa and 14.4
’ to 27.0 million in Southern Asia.

The increase in either sub-Saharan Africa or Southern Asia in 2040 is larger than the combined growth
of undernourishment in Southeast Asia, Latin America and the Caribbean, and the Middle East and
North Africa. We thus project that COVID-19 will worsen undernourishment outlooks relative to a No-
COVID scenario, with a disproportionate effect in regions with the highest burden of undernourishment.

4.3 COVID-19 and child stunting
4.3.1 Trends in child stunting to 2040 with COVID-19

Child stunting over long periods of time is driven not only by caloric availability and household income
but also by the development of educational initiatives directed at parents, access to WATSAN, and to
health care that can help prevent the spread of communicable diseases (Vaivada et al. 2020). COVID-19
is affecting all these factors but impacts on reduced maternal education and government finances for
WATSAN will manifest over longer time horizons. The challenge today is that reports on stunting and
wasting generally rely on household surveys, and social distance measures imposed by COVID-19 largely
halted household surveys in 2020 (UNICEF, WHO, and World Bank Group 2021). Thus, we have very
limited evidence on how COVID-19 is affecting child malnutrition and child stunting on a global scale.
One recent study using model projections estimates that by 2022 a cumulative 1.5 to 3.6 million
additional children will be stunted globally, depending on the scenario, relative to a world without
COVID-19 (Osendarp et al. 2021). This section will move beyond the 2022 timeframe and focus on the
longer-term effects on stunting of COVID-19.

18 When analyses were conducted for this report, GDP growth projections of April 2021 did not account for new variants and rises in spread
of the virus. This effect is likely most pronounced in Southern Asia, with high spread and associated mortality from the COVID-19 Delta
variant. Since we had already included in our study a downward scenario with a -1.5 percent adjustment in GDP growth, we believe the
scenario framework does account for worsening outlooks of COVID-19 spread and the effects on economic and human development.
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Figure 10: Global child stunting across the three scenarios, projected out to 2040.
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Source: Authors’ calculations.

In 2020, we estimate that in the Current Path scenario, child stunting affects 159.6 million children under
age five, a small increase from 159.3 million children in a No-COVID scenario. By 2022 the cumulative
difference in child stunting is projected at 1.6 million additional children under five, close to the 1.5
million in the optimistic scenario from the only other existing forecast on child stunting (Osendarp et al.
2021). In the more pessimistic Unequal Paths scenario, child stunting is estimated to have risen further to
164.4 million in 2020 and continues to rise to 8 million additional children in 2025, relative to a No-
COVID scenario (Figure 10), and to have risen slightly to 23.8 percent in 2020. Our estimates are similar
to the findings of the Joint Malnutrition Report, which estimates an increase in child stunting from 21.3
percent in 2019 to 22.0 percent in 2020, or an estimated 5.2 million additional children (UNICEF,
WHO, and World Bank Group 2021). We estimate child stunting in 2020 affected 159.6 to 164.4
million children, depending on the severity of COVID-19. The Current Path scenario is thus more aligned
with a mild optimistic scenario (Osendarp et al. 2021), whereas the Unequal Paths scenario is more
aligned with estimates from the Joint Malnutrition Report and more pessimistic than any of the
projections by Osendarp et al. (2021).

Child stunting is projected to drop, with and without COVID- Prevalence of child

19, to 14.9 percent in 2040. In 2020, child stunting was most o stunting
prevalent in sub-Saharan Africa and Southern Asia, followed by
Southeast Asia, Oceania, the Middle East, and North Africa COVID-19 resulted in a rise in

(Figure 11). Child stunting is thus most prevalent today in Asian  child stunting in 2020, but the
countries, with Southern Asia (57.3 million) and Southeast Asia  effects of the pandemic are

(16.2 million) dominating, followed by sub-Saharan Africa (57.3 projected to manifest over time,
with stronger effects seen from

million). Progress on eradicating child stunting is projected to
2030 to 2040.

be especially strong in Southern Asia, dropping from 33.6
percent in 2020 to 18.4 percent in 2040 and, to a lesser extent
in sub-Saharan Africa, dropping from 32.9 percent in 2020 to 20.| percent in 2040, and Southeast Asia,
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dropping from 26.8 percent to 17.8 percent. By 2040 this means that more children suffering from
stunting are projected to live in sub-Saharan Africa (47.4 million) than in Southern Asia (30.1 million) and
Southeast Asia (9.4 million) combined. This rate of progress is similar to a recent global statistical
modeling forecast for 2030 by FAO et al. (2021).

Figure | I: Rates of child stunting for the different world regions for the Current Path scenario.
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4.3.2 Quantifying the effect of COVID-19 on child stunting in 2020 and 2040

The effect of COVID-19 on child stunting is less than its effect on both extreme poverty and
undernourishment. By 2040, child stunting rates are projected to increase from 4.5 percent in a No-
COVID scenario to 14.9 percent or 15.4 percent, depending on the COVID-19 scenario. COVID-19, and
associated economic contractions, are also slightly increasing the projection of total fertility rates and
the number of children under age five out to 2040. Combined, the rise in absolute child stunting from
COVID-19 out to 2040 is equivalent to 4.0 to 7.7 million additional children suffering from stunting, or a
one- to three-year setback in progress.

In contrast to the effects of the pandemic on poverty or undernutrition, COVID-19 is producing a
negative long-term effect on the drivers of stunting out to 2040, with effects on water and sanitation
infrastructure as well as effects on maternal education manifesting slowly over time. Scenario projection
lines for extreme poverty and undernourishment remain relatively parallel after 2025 following an
increase due to the COVID-19 shock. The opposite is true for child stunting, with initial small effects of
due to COVID-19 and gradual divergence of the scenarios after 2025 (Figure 10). This shows the
importance of longer-term effects on education and access to WATSAN on limiting child stunting.
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Regionally, the effect of COVID-19 on child stunting falls
primarily to sub-Saharan Africa, with much smaller increases in
Southern Asia and Latin America and the Caribbean (Figure 12).
Child stunting is driven by access  Under our projection, child stunting in sub-Saharan Africa
o san.itation 2 . increases by 2040 by 2.0 million to 4.3 million, relative to a No-
maternal edl.‘catlon' Both drivers COVID scenario. All other world regions show increases in child
are affected in the long run by )

lower economic growth, reduced  stunting of under one million. Of additional children suffering
government finances and the from child stunting out to 2040, 52 to 60 percent are projected

long-term effects of education to live in sub-Saharan Africa.
losses due to COVID-19.

Child stunting

Figure 12: Absolute number of children under 5 years suffering from child stunting in 2040 in the
No-COVID, Current Path, and Unequal Paths scenarios.
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5. Pathways of change: Trends in
underlying drivers of food availability,

access, and utilization, and the effect of
COVID-19 thereon

Purpose: This section goes beyond the results presented in Section 4, to quantify trends in the
drivers of food availability, access, and utilization to 2040, with and without COVID-19, and the effect
of COVID-19 thereon. Understanding the contributions of drivers to food security by 2040 at the
world and world region level helps in identifying policy priorities to improve food security and to
minimize the negative effects of COVID-19 thereon.

5.1 COVID-19 and food access to 2040

In Section 4, we quantified and discussed several ways COVID- Effects of COVID-19 on
19 is likely to hinder progress on indicators of human well- food security

being, but only touched briefly on the pathways through which

it operates. Insights from previous sections and from literature The effects of the COVID-19
identified household income, inequality, and food prices as three  pandemic on food security

of the strongest drivers of this setback. Starting in 2020, indicators in 2020 and out to 2040
COVID-19 and the policies that governments, businesses, and are driven primarily by reduced

food access as a result of changing
economic growth, household
incomes, and rising inequality.

civil society put in place to control the spread of the pandemic
resulted in significant increases in unemployment and
underemployment, contributing to an estimated global
reduction in household earnings of about 4 percent in 2020 (about 6 percent lower than what would
have been expected in a world without COVID-19). Relative to the No-COVID scenario, regional impacts
range from less than 4 percent in Eastern Asia (primarily China) to over |2 percent in Southern Asia
(primarily India), with most regions returning to pre-COVID 2019 per capita income levels in one to
two years. However, while average GDP per capita may return relatively quickly to pre-COVID levels,
the recovery may be unequal among groups. For example, female employment has been
disproportionately affected by the pandemic, which may have long-term consequences for progress on
gender equality. Even with the projected recovery, the resulting reduction in caloric demand, as
measured by calories per capita, and the challenges to its equal distribution, approximated by the
coefficient of variation, as well as longer-term reductions in government finance and education, are
expected to have lasting impacts on the global prevalence of undernutrition (Figure 13).
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Figure 13: Percent reduction in calories per capita in the Current Path scenario relative to the No-
COVID scenario.
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With or without COVID-19, per capita demand for calories will remain significantly higher through 2040
in high-income regions such as Canada and the U.S., and Europe (Figure 14). While calories per capita in
sub-Saharan Africa and South Asia will maintain steady growth, they are not expected to reach levels
seen in the U.S. and Europe 60 years ago. This is in stark contrast to East Asia (primarily China), which
saw nearly a doubling of demand over the last 60 years and is expected to reach today’s European levels
of demand by 2040.

Figure 14: Calories per capita in the COVID-19 Current Path scenario.
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We estimate that in 2020, Southern Asia (primarily India)
experienced a |.3 percent reduction in calories per capita
Drops in household income drive down  relative to a No-COVID scenario, double that of all other
caloric intake across world regions in regions except for Southeastern Asia. As a country hit
2020 and out to 2040. Households particularly hard by the pandemic, India experienced a 10
SIS Ly el Ty & B el el percent reduction in GDP per capita (measured in

household spending to food and by . . L
shifting diets away from meat toward purchasing power parity), resulting in a 1.4 percent

Household income

staple crops. However, these shifts reduction in calories per capita and a 10 percent increase
lower dietary diversity and make in the prevalence of undernourishment relative to the No-
households more vulnerable to future COVID scenario (from 3.1 percent in No-COVID scenario
shocks.

to 14.4 percent in the Current Path scenario). A similar
story emerges in sub-Saharan Africa, where a 5.4 percent decrease in GDP per capita resulted in a 0.6
percent reduction in caloric demand. While household incomes have taken a hit, and extreme poverty
has risen in 2020, the effects on caloric demand per capita is lessened.

To lessen the impact on their food baskets, many households are expected to shift consumption away
from meat (Figure 15) toward less expensive, crop-based foods. While this shift is expected to be
strongest and most enduring in Southern Asia and sub-Saharan Africa, which face the largest demand
reductions because of the pandemic, diets of these regions are already far less meat intensive than those
of higher-income countries. Consumers may also choose to forego the purchase of information and
communication technologies and other manufactured goods or services to allocate more income toward
the consumption of food (Figure 16). But since the most vulnerable regions already spend the largest
portion of their income on food, shifting diets and consumption patterns may be less of an option for
many poor to near-poor households. Shifts in dietary and consumption patterns also pose a risk due to
I) the reduction in dietary diversification, and 2) an increased vulnerability to future shocks to
household income and food security from climate, weather, conflict, economic, or health-related
changes. While we do not fully assess the effect of COVID-19 on dietary quality, an overview of current
understanding is given in Box 3: COVID-19 and dietary quality.

Figure 15: Percent change in meat demand as a portion of total caloric demand relative to No-
COVID scenario.
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Figure 16: Percent change in share of household consumption going to food (agriculture) relative to
No-COVID scenario.
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Within a country, significant variations in income and consumption between households also means
varying resilience to shocks. The Gini index measures the degree of income inequality within a country
and has been shown to be an important driver of the change in poverty. The coefficient of variation is a
measure used to describe the distribution of calories within a population and is similar to the Gini index
of income inequality. Given that access is primarily a question of income and food prices, income
inequality is often regarded as a driver of the distribution of calories within a population. According to
model-based estimates of the coefficient of variation,!? sub-Saharan Africa has one of the most unequal
distributions of calories in the world, though the region is also home to some of the most equal and
unequal countries of the world.

The IFs model can both endogenously and exogenously project the distribution in household income
and calories. However, to assess the effect of COVID-19 on income and food distribution, we opted to
exogenously impose increases among countries of either a one or two percent rise in inequality of the
income and caloric distribution (see Section 3 for scenario assumptions). Exogenously prescribing these
values limits our ability to fully assess the contribution of inequality in the future of food security.
However, individual countries can teach us something about the relative dynamics of overall growth in
caloric demand versus the distribution thereof. Box 2 further explores some of the dynamics
surrounding overall demand for food and distribution of calories using the Central African Republic and
Zimbabwe as examples. In addition, in Appendix D we explore the relative importance of changes in
GDP growth and distribution of household income and calories.

'% For this study, we infer the coefficient of variation using estimates of the prevalence of undernutrition, the minimum dietary energy requirement,
and an assumption of lognormality in caloric distribution. A sensitivity analysis exploring the impact of different distributional patterns on
undernutrition is provided in Appendix D.
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While it may be some time before we fully understand the multiple ways COVID-19 has disrupted
access to food, the impact is likely shouldered disproportionately by those already in positions of
relative insecurity. This is true at the country and world region levels, as well as for individual
households within countries. And while the pandemic is expected to set back progress toward the
elimination of undernutrition, it also highlights important structural distinctions regarding demand and
distribution that governments and relief organizations should consider in their efforts to achieve zero
hunger.

5.2 COVID-19 and food availability to 2040

Reduced household incomes and changes in the distribution of income and calories are primary
pathways by which COVID-19 is affecting food security. However, reductions in agricultural demand
also have forward effects on food availability. Globally, reductions in agricultural demand are mirrored
by reductions in agricultural production. In other words, a core assumption in the IFs model is that the

- world does not produce more food than it can consume. The
.. Food availability COVID-19 pandemic and its consequences do not alter the

biophysical conditions for production, such as, for example,

COVID-19 has minimal effects on does climate change. Therefore, the main effect of COVID-19
food supply and availability today on food availability does not operate through net reductions at
and is projected to also have little  he country or global level, but rather shifts in what and where

effect out to 2040. food is being produced.

Shifting diets and growing populations result in a continued increase in demand for food. Over the past
decades, increases in food production have been fueled by rapidly increasing yields in Europe, Canada,
and the U.S,, followed by a combination of yield and land expansion in Southeast Asia, Eastern Asia,
especially China, and countries in Latin America and the Caribbean and Southern Asia. However, many
countries are reaching limits on land expansion as well as limits on yield increases (Eitelberg, van Vliet,
and Verburg 2015; van Zeist et al. 2020), meaning that further increases in agricultural production will
primarily derive from expansion of yields and land in sub-Saharan Africa and further increases in
Southern Asia.
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Box 2: Demand, distribution, and undernourishment in Central African Republic and
Zimbabwe.

In 2020, the Central African Republic and Zimbabwe both had similar levels of undernutrition (53
percent and 52 percent respectively) even though, at about 2,200 calories per capita, Zimbabwe has
notably higher demand than the Central African Republic. In fact, the Central African Republic’s
caloric demand is only about 8 percent higher than the minimum energy dietary requirement,
whereas Zimbabwe is more than 25 percent above the threshold. However, in the Central African
Republic the distribution of calories, captured by the coefficient of variation, is more equal compared
to Zimbabwe. The comparison of these two countries with similar PoU offers insights into the ways
in which shocks and progress may play out among countries that differ in terms of initial conditions of
overall calories per capita, caloric distribution, and food consumption shares. It also gives policy
makers insights into why progress on undernourishment in 2040 may strongly differ from today, and
why the effects of COVID-19 differ among countries.

Table 3: Key food security indicator estimates for Central African Republic and Zimbabwe in 2020.

Key food security indicators in 2020

Cen;::luﬁlfircican Zimbabwe
Prevalence of undernourishment 53.1 51.6
Calories per capita 1,827 2,166
Coefficient of variation 0.16 0.72
Agriculture share of consumption 56 25
Percent increase in undernutrition 4.2 1.8

Before COVID-19, more than half of household consumption in the Central African Republic was on
food. In Zimbabwe, this figure was less than one quarter. With a larger portion of food consumption
exposed to the shock induced by COVID-19, the prevalence of undernourishment in Central African
Republic was estimated to have increased by 4.2 percent in 2020, relative to the No-COVID scenario,
while Zimbabwe’s undernutrition increased by only 1.8 percent, with the share of household food
consumption increasing by over | | percent.
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Box 2: Continuation.

But the Central African Republic’s relatively larger setback from COVID-19 is minor when compared to
the progress in eliminating hunger the country is expected to make in the long run, even despite
maintaining one of the lowest levels of caloric demand on the continent. This is due to the country’s
equal distribution of calories.

Historical estimates of caloric distribution are hard to come by, but archived data from FAO suggest
that the global (simple) average change in the coefficient of variation was negligible from 2000 to 201 6.
Even among countries that made progress, the average reduction in inequality was less than | percent
(though China and Brazil managed an average annual improvement of 2.1 percent and 1.8 percent over
the period).

Demand in the Central African Republic and Zimbabwe are both projected to grow at a similar rate
over the coming decades. Calories per capita in the Central African Republic, which start from a much
lower base, are not expected to reach levels seen in Zimbabwe today until nearly 2050. Nevertheless,
because the Central African Republic’s low inequality means that gains in caloric demand translate more
rapidly toward the reduction of hunger, by 2040 only |9 percent of the population is expected to be
undernourished, whereas undernourishment levels in Zimbabwe are projected to be twice that.

For both countries, COVID’s impact on the prevalence of undernourishment expands slightly by 2040
(2 5.5 percent increase in the Central African Republic and a 1.8 percent increase in Zimbabwe, relative
to the No-COVID scenario). For the Central African Republic, this increase is hardly noticeable
compared to the significant reduction expected over the coming decades. However, for Zimbabwe,
which due to its inequality is projected to reduce undernutrition by only |13 percent between today and
2040, this represents a much more visible scar.

Figure 17. Prevalence of undernourishment for the Central African Republic and Zimbabwe under
the Current Path and No-COVID scenarios.
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A rise in agricultural production requires investment. Agricultural investment is projected to drop
globally and among several world regions by 2040, after an initial rise through 2025 (Figure 18). The only
three world regions with projected growth in agricultural investments during that period are Eastern
Asia, Southern Asia, and sub-Saharan Africa. However, the economic downturn of COVID-19 is
projected to reduce agricultural investment globally, and especially in these three regions, as well as in
Latin America and the Caribbean. By 2040, the cumulative reduction in agricultural investment is
projected to result in a -8.1 percent to -12.0 percent decline in Southern Asia, -6.0 percent to -9.2
percent in Southeast Asia, -5.6 percent to -10.4 percent in sub-Saharan Africa, and -5.8 percent to -8.8
percent in Latin America and the Caribbean (Table 4).

This reduction in agricultural investment has a dual effect on food security: 1) it limits the transition
from an agriculture-based society to a more diversified economy, partly keeping populations in a rural
poverty trap, especially in areas projected to make the strongest transition in the next decades, and 2) it
drives down expansion of agricultural yields and land under cultivation in regions that need to realize the
largest rise in production in order to become self-sufficient.

Figure 18: Global agricultural investments for the three scenarios from 2017 to 2040 in billion US$.
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Reductions in agricultural investment have consequences for
domestic agricultural production, from land expansion to
productivity. Total agricultural land expansion is projected to
drop for all world regions because of COVID-19 (Figure 19). In The reduction in economic activity
Southern Asia, there is almost no net change projected in due to the COVID-19 pandemic is
agricultural land, with or without COVID-19. In the other projected to reduce investment in
world regions, however, agricultural land expansion is agriculture out to 2040, with the

projected, with the largest rise in sub-Saharan Africa. COVID- !argest drop.m the most food
insecure regions of sub-Saharan

Agricultural investment

|9 slows this agricultural land expansion from 31.9 Million Africa, Southern Asia, Latin
Hectare (MH) in a No-COVID scenario to 29.3 MH and 274 MH  America and Caribbean, and
in the Current Path scenario and Unequal Paths scenario, Southeast Asia.

respectively.
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Table 4: Cumulative agricultural investments per world region for the period 2020-2040 in billion

USS$, for the No-COVID (NC), Current Path (CP), and Unequal Paths (UP) scenarios.

Region Cumulative agricultural investments (2020- Percent decline
2040) in billion US$

NC CP UP NC to CP NC to UP
Eastern Asia 7,042.4 7,020.9 6,802.5 -0.3 percent -3.4 percent
Southeast Asia 1,653.1 1,553.7 1,501.0 -6.0 percent -9.2 percent
Southern Asia 2,938.8 2,701.2 2,585.1 -8.1 percent -12.0 percent
Oceania 176.1 174.3 168.4 -1.0 percent -4.4 percent
Latin America 733.8 691.4 669.3 -5.8 percent -8.8 percent
and the
Caribbean
Middle East and 1,211.4 1,193.8 I,155.1 -1.5 percent -4.7 percent
North Africa
sub-Saharan 1,243.7 1,173.4 1,114.7 -5.6 percent -10.4 percent

Africa

Note: The columns at the right show the relative decline in agricultural investments.
Source: Authors’ calculations.

Figure 19: Change in cropland between 2017-2040 for four world regions, for the three scenarios in

Million Hectare.
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The other component of the agricultural production system is agricultural productivity, measured as
yields per hectare. It varies among world regions because of crop composition, biophysical conditions,

and management practices. To assess the management intensity of production among world regions, we
focus on yield intensity, the difference between the potential and actual production, which controls for
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crop types and climatic differences. A yield intensity of one (1) means that production cannot be further
increased with currently available management techniques.

In sub-Saharan Africa, yield intensities are relatively low, showing potential to further increase yields by
optimizing management techniques. In Southern Asia and Latin America, there is wider variation in yield
intensities among countries. But on average, yield intensities in those regions are lower than in Canada
and the U.S. or Western Europe. In Eastern Asia and in some Southeast Asian countries, yield intensities
come close to biophysical maxima, reaching levels like the U.S., Canada, and many European countries.

Between 2020 and 2040, the rise in yield intensities is projected to
be highest in sub-Saharan Africa, but even by 2040 the average
yield intensity does not reach the level of Southern Asia today (the
Agricultural yields in sub- region with the second-lowest yield intensities), demonstrating the
.Saharan U [t (e struggle to increase yields in many African nations (Figure 20). The
increase over the next two S e . .
decades, but the region will still effect of COVID-19 on yield intensities is minimal, with reductions
perform at a lower level than about 0.0 or | percentage point. Thus, reductions in agricultural
other regions. production at the regional level from COVID-19 operate primarily

through a reduction in land expansion.

N . .
% % Agricultural yield

The projected shifts in agricultural production make countries in sub-Saharan Africa even more reliant
on food imports to meet increasing demands, and further decrease their degree of food self-sufficiency.
While food self-sufficiency is not a direct indicator of food security, it is often an indicator of food
security risk. Higher food import dependence makes countries more vulnerable to global economic
shocks, food trade restrictions, and price fluctuations (as seen in the COVID-19 era), and low-income
countries generally lack infrastructure and foreign exchange reserves to pay for food imports and store
food appropriately (van Ittersum et al. 2016). Already today, sub-Saharan Africa has some of the lowest
food self-sufficiency ratios of any world region, and rising populations will put increased pressure on
meeting agricultural demand through domestic production.

By 2040, increases in agricultural production cannot, under our projections, keep up with population
increases and rising agricultural demand in sub-Saharan Africa and the Middle East and North Africa
(Figure 21). And almost no country will be food self-sufficient.20 In Southern Asia, Latin America,
Southeast Asia, and Eastern Asia, most countries have food self-sufficiency ratios at or below one, with a
smaller subset of countries with values above one. Food self-sufficiency ratios above one are observed in
Australia and New Zealand, North America, and especially countries in the Commonwealth of
Independent States. COVID-19 is changing this pattern only slightly, with most countries experiencing
limited effects on food self-sufficiency (between -0.01 and +0.01). However, a clear pattern in self-
sufficiency trends is emerging. Countries with lower food self-sufficiency ratios because of COVID-19
are low- to low-middle-income economies, with already low levels of food security, such as Republic of
Congo, Democratic Republic of Congo, Madagascar, and Chad. Countries with rising food self-
sufficiency ratios tend to be upper-middle-income and high-income economies, with high projected
levels of food security, such as Iceland, Australia, New Zealand, and Uruguay.

2 The food self-sufficiency ratio is calculated as the share of total domestic agricultural production relative to total domestic demand.
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Figure 20: Agricultural yield intensity index (0-1) per country, for the Current Path scenario in 2040.
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Note: A value of one (1) indicates full intensity, i.e., current agricultural yields are equivalent to potential yields. Libya is
excluded from the analysis throughout the report.
Source: Authors’ calculations.

Overall, by 2040, the world is projected to produce enough
food to eradicate hunger, and country-level food availability
from domestic production and trade is sufficient to meet
demand. Irrespective of COVID-19, the world is projected to
increase agricultural demand and food production. Increases in

Food self-sufficiency

The effects of the COVID-19
pandemic are projected to further

land under cultivation and yield intensity drive rising food drive down food self-sufficiency for
production, especially in Southern Asia and sub-Saharan Africa. some countries in sub-Saharan
However, the rapid rise in populations means that sub-Saharan ~ Africa, Southern Asia, and Latin
Africa will experience decreasing levels of food self-sufficiency America, including the

Democratic Republic of Congo,

and become even more dependent on food imports. COVID-19 India, and Madagascar.

may worsen this outlook by reducing agricultural investments
and shifting production away from countries in sub-Saharan Africa. Overall, policies aimed at increasing
agricultural production in food insecure countries are needed to increase food self-sufficiency. But they
will only be effective in reducing food insecurity at the household level if met by increases in both
household income and agricultural demand.

The top panel in Figure 21 depicts the food self-sufficiency ratio in 2040 for the COVID-19 Current Path
scenario. The bottom panel depicts the change in food self-sufficiency in 2040, between a No-COVID
scenario and the Current Path scenario, for all countries that are not food self-sufficient in 2040. Libya is
excluded from all analyses in the report.
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Figure 21: Food self-sufficiency ratio in 2040, Current Path scenario (top panel) and change in food
self-sufficiency ratio in 2040 between the No-COVID and the Current Path scenario (bottom panel).
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5.3 COVID-19 and food utilization to 2040

Food utilization is an important contributor to food security, especially for children. It relates to
household income and caloric demand, in combination with broader indicators of household
environments and general human development in countries, such as safe access to WATSAN, health
care access, and parental, and especially, maternal education. The previous section already looked at
progress in calories per capita, so here we primarily focus on progress in education and access to
WATSAN. Dietary quality is also important for food utilization and discussed in Box 3: COVID-19 and
dietary quality.
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The effects of COVID-19 on these indicators are both direct " COVID-19 and broader
and longer-term. School closures result in immediate learning " development
losses. Slower economic growth, reduced household income,

and reduced government spending create longer-term effects School closures result in

on education and access to WATSAN. These effects take time immediate learning losses, but the
to manifest. COVID-19 is not impacting WATSAN effects on economic growth and
infrastructure directly, but reduced government spending on human development manifest over

such infrastructure will limit general progress for this indicator Ly

over time. Education losses are direct for children. However,

forward effects of lower education levels in the adult population on human capital, economic growth,
and child stunting take time to show, because children need to age before they are counted in the adult
population. Lower secondary education completion rates can be a direct outcome of COVID-19, but
forward effects will linger for at least a generation. A second important consideration is that changes in
education levels of adult populations may seem incremental because effects on the COVID-19
generation get averaged out across the entire adult population of a country.

Figure 22: Secondary education completion for adults (15+) at the world level.

No-COVID Female = e = No-COVID Male
Current Path Female Current Path Male

5 e Unequal Paths Female = = = Unequal Paths Male
+
2 50
5
S 48
o
a
(a8
L.
O 44
[))
Y
2 42
Q
o
K 40

38

N O OO O — AN ™M YT W ON OGO —A™mMIF WM ON OO O
SRS IR B RS B s B s B s s s s s B s s B > s B s B s I s s

Note: We make a distinction between female and male adult education completion rates for the three scenarios
Source: Authors’ calculations.

Higher levels of education, particularly of females, are development goals in and of themselves, with
positive forward synergies for broader human development. Secondary education levels have risen
significantly in the last half century, with progress in North America, Europe, and the Commonwealth of
Independent States from below 10 percent to over 70 percent of the adult population by 2015. In other
world regions, progress has been less pronounced, with values remaining below 50 percent. In 2019,
upper secondary graduation rates were high in Europe, North America, the Commonwealth of
Independent States, and in Eastern Asia, the latter being mainly driven by rising educational levels in
China. In Southern Asia and sub-Saharan Africa, upper secondary graduation rates of children remain
below 50 percent, a potential development drag for the near future. While Southern Asia is projected to
make rapid progress out to 2040, reaching levels of Southeast Asia today, progress in sub-Saharan Africa
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is likely to be much more subdued, with values not reaching above 50 percent of of-age children by
2040.

Secondary education completion in 2020 is lower for females
(Current Path scenario: 41.3 percent) than it is for males (Current
Path scenario: 45.3 percent) (Figure 22). Over time, rising levels
. . of education for girls results in a gradual closing of the gap
There are strong d ifferences " between male and female education by 2040, irrespective of
secondary education completion ’
between adult males and fermales COVID-19. While all world regions show progress on
and between world regions in secondary education completion for children, there is a strong
2020, with Southern Asia and sub-  difference between initial starting conditions (Figure 23). This
Saharan African only partly closing  |6\wdown in secondary education completion due to COVID-
these gaps out to 2040. 19 will slow progress in both male and female adult education
levels.

- Secondary education
completion

Figure 23: Upper secondary completion rates for of-age children among world regions for the
Current Path scenario.
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Note: Only results for world regions with less than 90% of upper secondary completion rates are depicted.
Source: Authors’ calculations.

COVID-19 is projected to reduce the size of economies and increase government debt. Consequently,
expenditures on education are estimated to drop in 2020 and out to 2040. These effects are most
pronounced in sub-Saharan Africa, Southeast Asia, and Southern Asia (Table 5).

A similar pattern is observed for access to water and sanitation. Given that both water and sanitation
indicators follow similar trends, we focus here on access to improved sanitation2!. At the global level,

2 The IFs model follows the joint monitoring program for water supply, sanitation, and hygiene from WHO and UNICEF
(https://washdata.org/monitoring/sanitation). Improved sanitation is everything at or above limited access to sanitation.
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the population with access to improved sanitation is projected to rise from about 74.8 percent in 2020
to 84.7 percent in 2040 in the Current Path scenario (Figure 24). This rise comes on top of rapid
progress since 2000, up from 55.2 percent that year to 73.6 percent in 2017, driven by rapid progress in
Southern Asia and Eastern Asia, with considerably less progress over that period in sub-Saharan Africa.

Box 3: COVID-19 and dietary quality

Food security is multidimensional, dependent on both caloric intake and a diverse and healthy diet. In
this report we focus on measures of caloric intake, given limitations on both the availability of data on
dietary quality and on modeling frameworks to project dietary quality over longer periods of time.

The COVID-19 pandemic threatens progress on dietary quality both immediately and in the long
term. Emerging evidence suggests that COVID-19 is negatively affecting dietary quality. Phone surveys
of households in Burkina Faso, Nigeria, and Ethiopia suggest that dietary diversity in those countries,
measured as the number of food groups consumed, has decreased as a consequence of COVID-19
(Madzorera et al. 2021). Similarly, model projections suggest that changes in household income and
food prices have resulted in a global dietary trend in 2020 away from nutrient-rich foods (such as
fruits, vegetables, dairy, and meat) and towards staple crops (Laborde, Martin, and Vos 2021). As a
result of COVID-19, projections on child and maternal nutrition suggest an increase in maternal
anemia (often associated with iron deficiencies) in 2020-2022 because of COVID-19, ranging between
| million to 4.8 million. This early emerging evidence suggests negative effects of COVID-19 on
dietary diversity and quality.

Projecting dietary diversity and quality over multi-decadal time horizons is challenging, but we can
derive important knowledge from the current analysis. In recent years, data series from UNICEF have
become available on the use of Vitamin A supplements and iodine consumption. These could provide
the basis for analysis on long-term drivers of micronutrient deficiencies among countries and over
time. Agricultural forecasting platforms have begun to project the long-term share of meat and
vegetables in global diets (van Meijl et al. 2020). In the current report we highlight the shift in
consumption patterns, which show a reduction in meat consumption and an increase in crop
production. These shifts don’t occur solely during the COVID-19 period. Reductions in meat
consumption in Southern Asia and sub-Saharan Africa are projected to remain persistent out to 2030
and 2040 (Figure 15).

Clearly, more work is needed to be able to better project changes in long-term dietary quality and
diversity, with and without COVID-19. But recent developments in data collection coupled with
emerging insights from this analysis provide an opportunity to do so. These initial results strongly
suggest that COVID-19 is likely to negatively affect dietary diversity and quality in the long term,
relative to a world without COVID-19.
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Table 5: Effect of COVID-19 on education variables among world regions in 2040. We report results among different world regions for the
No-COVID (NC), Current Path (CP), and Unequal Paths (UP) scenarios.

Education expenditures Lower secondary Upper secondary

q TR 3 o o Average years of adult

Region (Billion US$/ percent (%) completion (percent of of- completion (percent of of- d
: : education (ages 15-24)
Change) age children) age children)

Scenario NC CP UP NC CP UP NC CP UP NC CP UP
Southeast Asia 2293 -8.6% -15.0% 90.0% 88.5% 87.5% 73.0% 71.2% 70.1% 10.4 10.3 10.3
Southern Asia 504.1 -132% | -21.1% 77.9% 76.2% 75.1% 63.0% 61.0% 59.7% 10.3 10.2 10.2
Oceania 123.0 0.0% -7.8% 93.6% 93.3% 92.9% 93.8% 93.3% 92.3% 10.9 10.9 10.8
Latin America
and the 356.7 -2.6% -14.9% 86.4% 84.9% 83.8% 72.6% 70.8% 69.5% 10.6 10.5 10.5
Caribbean
Hiddle East and 406.5 7.0% | -132% | e84% | 872% | 863% | 729% | 715% | 704% | 100 10.0 9.9
North Africa
SA”ftr’i'CS:hara" 256.3 -10.8% | -207% | 56.2% 549% | 535% | 40.1% | 39.0% | 37.6% 8.4 8.3 8.3

Source: Authors’ calculations.
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Access to improved sanitation

The population of the sub-Saharan region
with access to improved sanitation is
projected to increase from 33.1 percent
in 2020 to 53.4 percent in 2040. However,
even with such progress, the region
would lag Southern Asia, where 62.5
percent of the population had access to
improved sanitation in 2020.

Like COVID-19s impact on education, the impacts of the
pandemic on sanitation manifest not as a sudden shock
but rather as a gradual downturn in access to improved
sanitation, relative to a No-COVID scenario. Among the
world regions, sub-Saharan Africa stands out with
33.1percent of the population having access to improved
sanitation in 2020, rising to 53.4 percent by 2040. This is
still considerably below the level of Southern Asia in
2020 (62.5 percent in 2020).

Figure 24: Access to improved sanitation for the world for the three scenarios.
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Rising government debt because of COVID-19 is projected to put additional constraints on government
finances, slowing progress in access to improved sanitation, as well as reducing investment in education
and a causing a general slowdown of economic growth. The world is projected to have made less
progress in 2040 on these indicators, relative to a No-COVID scenario. The most striking effects of
COVID-19 on sanitation are projected in sub-Saharan Africa, with access to sanitation in 2040 dropping
by -2.5 to -6.0 percentage points relative to a No-COVID scenario, whereas other world regions show
reductions of less than one percentage point in the Current Path scenario and less than 1.5 percentage
points in the Unequal Paths scenario, relative to a No-COVID scenario (Figure 24). By 2040, 13 of 17
countries in which less than 50 percent of the population has access to improved sanitation are
projected to be in sub-Saharan Africa (except for Papua New Guinea and some small island nations).
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Table 6 gives an overview of the top 10 countries in which COVID-19 reduces access to improved
sanitation. Seven are in sub-Saharan Africa and Southern Asia. The lowest percentage of people with
access to improved sanitation live in sub-Saharan Africa.

Figure 25: Access to improved sanitation to 2040 among world regions under the Current Path
scenario.
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Note: Only results for region with less than 90% of the population with access to improved sanitation are depicted.
Source: Authors’ calculations.

Overall, COVID-19 is affecting drivers of food utilization by lowering access to sanitation, education
completion, and adult education years, as well as by lowering caloric consumption per capita. An
important difference between the effects of food utilization, compared to availability and access, is that
most of the impacts do not manifest directly but only over time.

These results clearly indicate that the impact of COVID-19 on human development is unlikely to cease
after the virus has been contained. Moreover, these results also provide directions for policy
development to reduce the effect of COVID-19 on food utilization and child stunting, and, more
importantly, to reduce overall child stunting. Countries in sub-Saharan Africa are faced with a
combination of challenges to improving education, access to WATSAN, and caloric demand. But the
slow onset of some of these effects on food utilization means that time is still available to improve
progress on these indicators and to minimize the effects of COVID-19 on food utilization.
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Table 6: Effect of COVID-19 on access to improved sanitation by 2040.

Access to improved sanitation in 2040

Access to improved

Indicator (ot af el ) sanitation in 2040 (millions
P pop of people)
COVID-19 Effect

(SEa7 e (517 (Absolute difference)
Ethiopia 54.0% 49.4% -8.2

India 99.3% 98.8% -7.8

China 99.0% 98.7% -5.1
Mozambique 75.0% 65.0% -5.0

Nigeria 53.2% 52.1% -3.8

Pakistan 66.4% 65.2% -3.3

Myanmar 72.9% 68.4% -2.9

Yemen 72.0% 64.9% -2.7
Venezuela, Bolivarian Republic 77.3% 68.9% 2.7
Madagascar 35.7% 29.8% -2.4

Note: The table provides an overview of the ten most affected countries in absolute numbers. However, note that nearly 100
percent of the population in India and China is projected to have access to improved sanitation in 2040, far greater than in

countries in sub-Saharan Africa.
Source: Authors’ calculations.

6. Contextualizing COVID-19 relative
to other long-term risks to food security

COVID-19 will affect food security indicators, not only today but in the future. Our analysis projects
that, in 2040, COVID-19 increases extreme poverty, prevalence of undernourishment, and child
stunting, relative to a world without the pandemic. While these impacts are significant, it may be difficult

for readers to contextualize the impact of COVID-19 on food security. To begin to provide context, we
analyze two other well-known risk factors related to the future of food security: conflict and climate
change. Here we survey literature to understand the pathways whereby climate change and conflict are
likely to affect food security. Next, we explore likely pathways forward for future climate and conflict
trends to assess the relative magnitude and character of their impact on the future of food security.
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6.1 Climate change as a driver of food insecurity

Climate change will directly and indirectly impact all three

pillars of food security: supply, accessibility, and utilization.

Most literature focuses on the supply and access dimension of

food security, while studies linking climate change with Climate change will impact all

utilization are more limited. Our review highlights the .pnll?rs of food security, directly or
. . . . . indirectly.

following general findings on the relationship between climate

change and food security:

Climate change

e Food availability is threatened by projected reductions in yields and land suitable for agriculture
for major crops. However, while the food availability pathway has received most attention within
the literature, uncertainty associated with CO»-fertilization remains large and could result in
potential increases in food production from climate change, especially in particular countries or
regions, compared to a scenario without climate change.

e Climate-induced effects on food availability and household income stem from both long-term
reductions in agricultural production and weather volatility that can disrupt production.

e Climate change risks increasing disease spread and food-borne diseases, further challenging
development in food utilization.

e Climate change does not have a distribution neutral effect on food security but is likely to have
the most pronounced effects on food availability, access, and utilization in today’s most food
insecure regions of the world.

6.1.1 Climate change and food availability

Climate change is likely to adversely impact global food production, though this relationship is uncertain
due to a lack of consensus regarding the role of CO,-fertilization (Janssens et al. 2020a; Liu et al. 2016;
Tai, Martin, and Heald 2014; Zhao et al. 2017). Rising temperatures, changing precipitation patterns, and
extreme weather events threaten suitable growing conditions, particularly in the poorest, most food
insecure regions of the world. For example, Tai et al. (2014) project climate change will reduce global
crop yields (for wheat, rice, maize, and soybeans) in 2050 by more than |0 percent. Climate change, as
well as factors like inadequate agricultural practices, deforestation, and man-made land degradation may
reduce suitable agricultural land and consequently crop production. The impacts of climate change on
land vary considerably among regions (Janssens et al. 2020a; Anderson, Bayer, and Edwards 2020).
Temperate latitudes may benefit from warming temperatures with longer growing seasons. Lower
latitudes, where the majority of developing countries are located, show the greatest decline in suitable
cropland and agricultural productivity as the climate changes
Analytical insight (Kogo, Kumar, and Koech 2021; Rosenzweig et al. 2014;
Anderson, Bayer, and Edwards 2020).

The impact of climate change on . )
global food production is difficult to ~ However, the effects of climate change on crop production

estimate until consensus is reached depend significantly on whether researchers account for CO;
related to the role of CO,- -fertilization. The CO,-fertilization effect suggests that an
fertilization and its consideration in increase in atmospheric CO,-concentrations may promote

LCRAC (S CUE e A water use efficiency and stimulate photosynthesis for C3
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crops (wheat, rice, and soybean) possibly leading to an increase in food production under climate
change. However, considerable debate still exists regarding the impact of CO,-fertilization over time and
among crop types (Hasegawa et al., 2018; Mcgrath and Lobell, 2013). This uncertainty is important, with
studies suggesting that climate change, along with CO,-fertilization, could increase crop production and
reduce undernourishment (Baldos and Hertel 2015).

Climate change doesn’t just impact agricultural production over time but also the year-to-year volatility
of production. Extreme weather events, particularly droughts and flooding, threaten short-term food
supplies, compounding the risk of food insecurity in the poorest and most food insecure regions of the
world (Anderson, Bayer, and Edwards 2020; FAO et al. 2020; Janssens et al. 2020a; Kogo, Kumar, and
Koech 2021). The sensitivity to temperature extremes varies among crops and world regions. Maize
yields, for example, show strong variation with temperature extremes (Tai, Martin, and Heald 2014).
Local to regional losses in food production can potentially be offset by agricultural trade, maintaining
overall food availability. However, climate- and non-climate-induced food losses often come with rising
food prices and reduced household income from agriculture, resulting in indirect effects of changes in
food availability to economic access and rising food insecurity.

6.1.2 Climate change and food access

Climate change affects economic food access by changing patterns of economic growth, food prices, and
distribution of income. Nordhaus (2018) estimates a 2.| percent loss of global income with a 3-degree
Celsius rise in global temperature and an 8.5 percent loss of global income with 6-degree rise, assuming
limited changes in climate mitigation policies.

These effects operate through the agricultural economy and Climate change and food
more broadly through impacts on labor productivity access

(Kjellstrom et al. 2009). These effects are expected to be
most pronounced in developing countries, where a majority

) ) Climate change affects economic
of the population relies on agriculture for income (Fischer et fo0d access by changing patterns of

al. 2002; Nelson et al. 2010; Schmidhuber and Tubiello 2007).  economic growth, food prices, and

On average, agriculture in low-income countries constitutes distribution of income. These effects

22 percent of total gross domestic product (GDP), compared ~ 3f€ expectzd‘ t(:jbe r|“°§t i

to only | percent in high-income countries (World Bank pronouncediin ¢everoping countries
- ) ) where most of the population relies

2019). As discussed earlier, many of these regions are at the on agriculture for income.

greatest risk globally of climate-induced production losses and

environmental threats (drought, land degradation).

Climate change will affect overall economic growth as well as the distribution of income within these
regions. Globally, more people live in poverty in rural than in urban areas. They often have limited
access to markets, rely on subsistence farming, and have household incomes that are at least partly
dependent on agriculture. Climate-induced shocks can reduce food access for this group by
simultaneously reducing food availability and decreasing household incomes, even as food prices rise. To
further underscore this point, researchers have compared climate change scenarios with negative effects
on agricultural production to scenarios with climate mitigation measures lowering negative effects on
agricultural production but raising food prices from mitigation measures (Hasegawa, Fujimori, Shin, et al.
2015; Hasegawa et al. 2018). They have projected that climate change may increase undernourishment
by 2050, but that climate mitigation scenarios may increase undernourishment more. Thus, the causal
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pathway linking climate change to food access and undernourishment is closely tied to changes in
household income, food prices, and poverty trends. Climate change is expected to affect household
income across the entire population, but communities dependent on agriculture will be affected
simultaneously by changes in agricultural production and by changes in food prices.

6.1.3 Climate change and food utilization

The last dimension of food security, utilization, is expected to increase the incidence of water- and food-
borne illness alongside rising temperatures. A growing body of research indicates that higher
temperatures associated with climate change raise the risk of diarrheal disease, malaria, and cholera in
regions with insufficient sanitation and water management systems (Ebi 2008; Kolstad and Johansson

201 I; Schmidhuber and Tubiello 2007). For example, in 2030, climate change could lead to a three
percent increase in diarrheal cases and a five percent increase in malaria cases (Ebi 2008). As climatic
conditions shift, there will also be changes in length of the transmission season and the geographic scope
of malaria. Ryan et al. 2020 project that under the most extreme climate scenario, the Representative
Concentration Pathway (RCP) 8.5, in 2080 an additional 75.9 million people will be at risk of endemic
transmission in Eastern and Southern Africa. On the other hand, temperatures in large areas of
Western Africa will likely exceed the thermal tolerance of malaria-carrying mosquitoes, reducing the
number of people at risk of malaria by up to 120 million in 2080. This highlights the importance of
anticipatory responses to shifting disease vectors under climate change (Ryan, Lippi, and Zermoglio
2020).

In addition, rising daily temperatures may increase the risk of food poisoning and food-borne pathogens
(Hellberg and Chu 2015; Intergovernmental Panel on Climate Change 2007; Mbow et al. 2019). All of
these factors hinder a population’s ability to safely and effectively use their food (Schmidhuber and
Tubiello 2007). As with the other two dimensions of food security (supply and accessibility), these
effects are most salient in the poorest areas of the world, highlighting the importance of regionally
concentrated mitigation strategies (Schmidhuber and Tubiello 2007).

6.2 Overview of conflict as a driver of food insecurity

Whereas much climate change literature is based on
scenarios and forward-looking analysis, the literature on
conflict and food security is based primarily on historical
Both the threat of conflict and actual examples. These case studies provide valuable insight into
con-ﬂict' ?nset changes f?Od X . how conflict impacts food availability, access, and utilization.
avanlabnhty.ar‘\d food ut|||za.t|on, with Studies projecting future conflict-induced food insecurity are
farmers shifting crop and livestock

portfolios to lower risk crops and scarce, and most projections rely on theoretical links, with
animals. only a few quantifying the impact of future conflict on food

insecurity. Overall, the pathways review finds that:

Conflict and food security

e Both the threat of conflict and actual conflict onset change food availability and food utilization,
with farmers shifting crop and livestock portfolios to lower risk crops and animals.
e Conflict reduces agricultural production and trade, raising the risk of acute food shortages.
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e Conlflict affects both physical and economic food access, with disproportionate impact on
children and women. Physical access is reduced when infrastructure is destroyed and deliberate
restrictions on access to food are employed as weapons of war.

e Conflict affects food utilization by increasing the spread of diseases, crowding and unhygienic
conditions in emergency camps, limiting access to healthcare, and destroying infrastructure.

e Long-term effects of conflict operate through reduced economic growth, reduced GDP per
capita, and a reduction and reallocation of government finances.

e Conflict also disproportionately impacts children, with increases in all forms of child
malnutrition. Moreover, children are affected by education losses and are particularly vulnerable
to the spread of disease. These effects are often not limited to the duration of the conflict.

o Displaced populations are another group disproportionately affected by conflict who experience
acute food insecurity and longer-term impacts on agricultural production and economic welfare,
relative to non-displaced populations.

6.2.1 Conflict and food availability

Overall, data shows that conflict negatively affects food availability during ongoing hostilities and
continues even after hostilities stop. The threat of conflict can be enough to negatively affect food
availability. Before a conflict occurs, the threat of violence can change crop and livestock portfolios
(Rockmore 2015). A study off 690,000 households in Uganda found that farmers living under the threat
of violence tended to shift to low-risk seasonal crops. Crops like fruits and vegetables, which have short
harvest times and can be easily looted, decreased significantly, and large grazing animals were traded for
small livestock (Rockmore 2015). These shifts contribute to a decrease in crop diversity and nutritional
availability even under just the threat of conflict.

During a conflict, food sieges, looting, theft, and violence can decimate local crop yields (Martin-Shields
and Stojetz 2019; Messer, Cohen, and D’Costa 1998; Messer and Cohen 2015). Farming populations are
reduced through active participation in the conflict, through attacks and enslavement, or through forced
migration, abandoning the land. Another way in which conflict reduces food availability is by affecting
agricultural imports. Conflict can result in border closures, while airports and seaports are often
strategic locations for attacks, greatly diminishing the necessary infrastructure for distributing
agricultural products. This is especially impactful in food-import-dependent countries, as currently
shown by the food crisis in Yemen (Moyer, Bohl, et al. 2019).

Because of reductions in labor, human capital, reduced investment, unraveling of local to national
institutions, and damage to infrastructure, the long-lasting effects of conflict on agricultural production
continue even after conflict ceases. This is especially true for populations directly impacted by violence.
For example, in Burundi, caloric intake among the population forced to flee violence decreased by six
percent over that of the non-displaced population after the Burundian civil war (Verwimp and Munhoz-
Mora 2013). Ultimately, the effects of conflict on agriculture are not confined to the beginning and end
of a war, stressing the devastating potential of even short-term conflicts on food availability.
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6.2.2 Conflict and food access

Conflict impacts the physical and economic dimensions of food access, with the most pronounced
effects on women and children (Ayala and Meier 2017; Ibanez and Moya 2010; United Nations Security
Council. 2002). Civilians are unable to compete with “men with guns” and armed forces can deprive
women and children of food even when resources are abundant (Messer and Cohen 2015). Market and
transport systems are destroyed in conflict, isolating conflict zones from physical food supplies and aid
and challenging the physical access to food (Messer and Cohen 2015). Specific targeting of food
production and food aid shows that food insecurity can be used “as a weapon of war,” with civilians,
mainly women and children, often the target (Chen et al. 1990; Cousin 2016; Teodosijevic 2003; United
Nations Human Rights Council 2020).

The economic consequences of conflict also contribute to . . .
: q ' . Insights from the literature:

worsening poverty levels and related constraints on food differentiated impacts of

access. Conflict-affected countries experience downturns in conflict

GDP per capita and government resources tend to be

allocated to the military rather than to on social services Conflict affects both physical and

(Gates et al. 2012a). Reduced spending on education, health, economic food access, with a
and infrastructure leads to a decline in socioeconomic disproportionate impact on children
development and higher levels of poverty. Interestingly, this and women.

effect is irrespective of the duration of the conflict. The direct

aftermath of short-term wars tend to be reduced GDP, due to the negative effect on the investment
climate and growth in military expenditures, whereas long-term wars tend to be followed by a period of
rapid economic growth insufficient to recover previous losses (Gates et al. 2012a).

Once again, these negative effects tend to be most concentrated among women and children. Child
malnutrition, wasting, and stunting tend to be strongly affected by conflict, and rising levels of child
malnutrition today can have long-term effects on cognitive and physical development. As men participate
in armed conflict, women are expected to provide food for their households. However, women often
lack property rights and financial independence, restricting their economic access to food during
wartime (Ayala and Meier 2017, 7). Women and children also constitute the majority of refugees. In fact,
in Yemen, more than three-quarters of the displaced population are women and children (Moyer,
Hanna, et al. 2019). Moyer et al., projected in 2019 that if conflict in Yemen continues, the country will
rank last on the gender development index (GDI) of any country in the world by 2030. Among displaced
populations, the loss of assets, income, and education contributes to an increase in long-term poverty
(Ibanez and Moya 2010). Accordingly, Verwimp and Munoz Mora (2013) found that it takes eight to ten
years for welfare and economic levels of displaced persons to reach the level of the non-displaced
community, contributing to higher poverty levels and lower caloric intake for years after a conflict.

6.2.3 Conflict and food utilization

Conflict also interferes with food utilization, creating long-term public health crises. Worsening dietary
diversity and nutritional availability negatively impacts food utilization during and after a conflict. As
described by Rockmore (2015), the threat of conflict results in a shift to low-risk crops, worsening the
availability of micronutrients and proteins. Dietary diversity in conflict zones and emergency camps also
diminishes during war, one mechanism by which conflict increases the incidence of malnutrition
(Dabalen and Paul 2012; Messer, Cohen, and D’Costa 1998). Interviews with key informants in the
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refugee context in Kenya revealed that livelihoods and refugee training programs requiring daily
attendance over few hours typically provided “high carbohydrate foods- such as baked goods, tea,
and/or soft drinks,” which often lack adequate protein and nutrients needed for supporting engagement,
attention, and general performance (RTAC and USAID 2020, 5). Additionally, the destruction of public
health systems as well as unhygienic conditions in emergency camps can worsen food utilization,
perpetuating a cycle of nutritional deprivation and disease (Messer, Cohen, and D’Costa 1998; Messer
and Cohen 2015).

Malnutrition and stress in emergency camps compromise the immune systems of people living in them.
At the same time, epidemic diseases are more likely to spread as a result of “crowding, bad water, and
poor sanitation in camps” (Ghobarah, Huth, and Russett 2003, 192). Epidemiological research in conflict
regions shows higher mortality rates from disease than combat (Degomme and Guha-Sapir 2010; Gates
et al. 2012a). Yip and Sharp (1993) found that |12 percent of Kurdish refugee infants died during the first
two months of the Kurdish refugee crisis of 1991 due to diarrhea, dehydration, and subsequent
malnutrition.

Nutritional deprivation and disease from conflict has long-lasting consequences on health outcomes. In a
study of the effects of the Nigerian Civil War of 1967 to 1970, Akresh et al. (2012) found that exposure
to conflict during early childhood and adolescence had an impact on adult stature four decades after the
conflict came to an end. The effects were most pronounced for women exposed to conflict during
adolescence (13—16 years old). On average, this group is 4.54 cm shorter in stature than non-exposed
women of the same age (Akresh et al. 2012). A study of the effects on Peruvian populations of the
Shining Path guerrilla war of the 1980s and 1990s found that exposure to conflict even in utero led to
shorter stature after birth and later in life (Grimard and Laszlo 2014). Malnutrition during wartime may
have other, less visible, consequences. In a study of the long-term effects of the U.S. war in Vietnam,
Singhal finds a correlation between early-life exposure to war and mental health problems later in life.
The study suggests that malnutrition during wartime is a significant mechanism contributing to long-term
impacts on mental health (Singhal 2019).

Other long-term effects of conflict on food utilization can materialize through reduced education and
access to WATSAN. Conflict can result in physical damage to infrastructure, including roads, bridges,
schools, and water and sanitation infrastructure, leading to reduced access to education and WATSAN
during and after a conflict. Education losses tend to be persistent over time. Conflict and reduced
economic growth tend to affect government finances, resulting in both an overall reduction and a
reallocation of resources. Lai and Thyne (2007) found that conflict-affected countries reduce their
education expenditures 3.1 to 3.6 percent. However, another cross-country study on conflict and social
development goals did not find a statistically significant effect of conflict on education, though it did find a
significant downturn in access to potable water and an associated higher level of child mortality (Gates
et al. 2012a). Reduced economic growth, higher levels of undernourishment and child stunting, a change
to economic structures affecting long-term human development, and changes in government finances
can reduce investments in education and WATSAN. Once again, literature on conflict and food
utilization highlights not only the direct negative effects of conflict, but also the threat conflict poses to
long-term achievement of sustainable development goals.

November 2021 78



6.3 The conflict-climate-food security nexus

Food security, conflict, and climate change interact in dynamic ways, and separating individual effects
without acknowledging the feedback loops between these systems provides only a partial perspective. In
recent years, researchers have begun to study the nexus of climate, conflict, and food security, with
increasing focus on climate change and climate-induced food insecurity as a potential driver of conflict.
Results of these studies vary considerably, and it is difficult to draw firm conclusions of a causal link
between climate change and conflict across regions and contexts (Bernauer, Bohmelt, and Koubi 2012;

Gleditsch 2012; Koubi 2019).
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There is a general consensus, however, that climate
change will amplify conflict risk in regions, with some
existing risk factors including high agricultural
dependency, low levels of economic development,
and evidence of political marginalization (Koubi 2019;
Raleigh 2010; Buhaug, Gleditsch, and Magnus 2008;
Bernauer, Bohmelt, and Koubi 2012). Several large-
scale empirical studies have attempted to capture the
effects of long-term climate change by analyzing the
impact of mean temperature changes on conflict
(Burke et al., 2015; Burke et al., 2009; Hsiang et al.,
2013). Burke et al., 2015 studied deviations from

moderate climate patterns (temperature and
precipitation) using a hierarchal meta-analysis of 55 studies. The study found a statistically significant
positive correlation between climate variability and conflict risk. Similarly, Burke et al. (2009) quantifies
conflict risk in Africa by combining data on historical responses to temperature with climate models of
future temperature trends. The results suggest Africa could see a 54 percent increase in the likelihood
of armed conflict by 2030, relative to a future without climate change and conflict.

However, the literature generally warns against overstating the impact and causality on conflict of
climate change and the environment. While climate change may exacerbate human conflict risks, relative
to a world without climate change, this does not occur in isolation (Bernauer, Bohmelt, and Koubi 2012;
2012; Buhaug, Gleditsch, and Magnus 2008; M. B. Burke et al. 2009; Raleigh 2010; Raleigh and Urdal
2007; Salehyan 2008). Raleigh (2010) and Ide et al. (2014) examined conflict incidence in Africa and
determined that environmental issues can exacerbate violent conflict risk. However, the most important
factors are the extent of political and economic marginalization (Raleigh 2010) and the degree of poverty
and agricultural dependence (lde et al. 2014). Accordingly, many researchers have adopted a multicausal
approach to project environmental-induced conflict (Busby 2017; Moran et al. 2018; Raleigh 2010). Here
we have studied conflict and climate change in isolation, and the next section will aim to quantify
separate effects. However, while evaluating these sections it is important to remember that interactions
between climate-conflict-food security generally may occur. More importantly, regions with the highest
levels of food insecurity, including sub-Saharan Africa and parts of Southeast Asia, are also at the highest
risk of environmental-induced conflict (Moran et al. 2018). Compounding climate and conflict threats on
food insecurity show the importance of concentrated mitigation efforts in some of the worlds’ most
impoverished regions.
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6.4 Projecting the future of climate change and conflict.

To this point, this report has assessed the impact of various disruptive trends on food security. A direct
comparison across these alternative risk factors remains difficult to summarize. To contextualize the
impact of these drivers on food security it is necessary to review our understanding of how we expect
these factors to unfold over time. Here we provide an overview of estimates from literature, specifically
focusing on studies that provide long-term projections.

We begin by outlining how different studies have presented the future of climate change and conflict,
highlighting the significant bounds of uncertainty and drivers relevant for each. We use the three
outcome indicators studied previously to compare the different pathways whereby conflict, climate
change, and COVID-19 affect development, undernourishment, child stunting, and extreme poverty.

6.4.1 The future of climate change

A standardized approach to forecasting climate change uses RCP, a greenhouse gas concentration
trajectory adopted by the Intergovernmental Panel on Climate Change (van Vuuren et al. 201 1). These
alternative scenarios describe climate change futures with radiative forcing varying from 2.6 to 8.5 W/m?
through the year 2100. These radiative forcing levels stem from alternative emission futures from
industry and land use, with RCP 2.6 accounting for extensive mitigation measures. These RCP scenarios
represent a consecutive increase in emissions and climate change out to 2100, with RCP 6.0 having
more climate change effects than RCP 4.5. However, most climate to food security studies focus on
effects out to 2050. By 2050, the different emission pathways followed by the RCPs represent a different
ranking, with—in ascending order of the extent of climate change—RCP 2.6, RCP 4.5, RCP 6.0, and
RCP 8.5.

These climate change pathways are exogenously prescribed to crop growth and integrated assessment
models with varying assumptions across these models on the impact of climate change on yields, land,
and consequently, food security. As such these climate change projections primarily focus on the
biophysical, food availability aspects of climate change to food security, although in recent years more
attention has been given to the forward effects on food prices and dimensions of food access. A crucial
assumption to assess the climate to food security effect across these models is whether the study
accounts for CO,-fertilization effects. Even though the use of RCP represents a standardized approach,
recent inter-model comparison efforts show that considerable uncertainty also stems from the choice of
climate model, as well as the choice of crop growth or integrated assessment model to assess the
forward effects of climate change on production and undernourishment (Hasegawa et al. 2018; Janssens
et al. 2020a).
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Figure 26: Change in global average surface temperature across different RCP scenarios, according
to the IPCC 2015 assessment report (ARS).
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Groups |, Il and Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.

Additional uncertainty is associated with the extent of climate change. The future impact of RCP on
temperature change is broad, with RCP 8.5 leading to an average change of 4 degrees centigrade by
2100 (Figure 26). RCP 2.6, on the other hand, retains average surface temperatures at their same level.
The future impact of climate change, while an ongoing and real phenomenon, is characterized by deep
uncertainty.

6.4.2 The future of conflict

A few key themes emerge when evaluating literature on future conflict. Historical conflict incidence and
projected socioeconomic development trends are significant determinants of future conflict risk. Long-
term conflict forecasts are characterized by uncertainty, making projecting conflict difficult.

Country-level history with conflict is one of the greatest drivers of future conflict. Hughes, Joshi, Moyer,
Sisk, and Solérzano (2014) note a 60 percent carryover of past conflict levels to current ones,
concluding that “conflict tends to beget conflict.” Development trends are another frequently cited
factor in conflict risk. Hegre et al. (2016) conclude that socioeconomic futures with high investment in
poverty alleviation and human capital lead to greater stability, particularly in developing countries.
Similarly, Joshi, Hughes, and Sisk (2015) emphasize the importance of development in achieving security,
capacity, and inclusion. While the study projects that the world will generally become more peaceful in
the coming decades, the implementation of pro-development policies determine the extent and scope of
this stability.
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Figure 27: Projected share of countries with conflict to the year 2100 for the world and world
regions according to Hegre et al (2016).
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explain why some countries may experience political
instability. A significant body of literature cites horizontal . . .
. li d level discriminati dri P Very few studies exist that project
inequalities and group-level discrimination as drivers o ST e A G, [ e e
instability (Cederman, Weidmann, and Gleditsch 201 |; effects thereof on extreme poverty,
Ostby et al. 201 I; F. Stewart 2005). Additionally, regime undernourishment and child stunting.
types may influence regional conflict risk. Regimes combining ~ Historical conflict incidence and
autocratic and democratic features and democracies with projected socioeconomic
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conflict (Bello-Schiinemann and Moyer 2018; Hughes, Joshi,
Moyer, Sisk, and Solérzano 2014).

It is important to note that structural pressures are not inherent drivers or predictors of political
instability. Regions that appear to have similar risk factors on the surface may diverge and experience
vastly different futures. Development, inequality, and governance dimensions interact in complex ways
and vary considerably across regions, making it difficult to determine a unified set of indicators (Bello-
Schiinemann and Moyer 2018). Thus it is difficult to predict conflict, and current forecasts are
characterized by uncertainty (Bowlsby et al. 2020).
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The future distribution of internal conflict shows significant uncertainty with much regional
differentiation. Hegre et al. (2016) project that regions such as East Africa, West Africa, Middle East and
North Africa, and Central/South Asia are likely to experience the widest range of uncertainty through
the end of the century, with some scenarios driving up conflict considerably and other scenarios
reducing the likelihood of conflict (Figure 27). Other regions show persistently greater low levels of
conflict, like Eastern Europe. The future distribution of conflict is also characterized by uncertainty.

6.5 Linking climate change and conflict to outcome indicators

Throughout this report we have used three outcome indicators to better understand the effect of
COVID-19 on food security: levels of undernutrition, stunting, and poverty. This reflects an
understanding of food security that cuts across different dimensions of development and focuses
primarily on the impact on the most vulnerable populations. In this section, we explore how climate
change and conflict are likely to impact these areas as well. While a direct comparison of each risk
factor’s contribution to various outcome indicators is not possible, general themes emerge.

6.5.1 Climate change to poverty

There is a consensus that climate change directly and indirectly changes levels of poverty, though there
are no comprehensive studies that quantify the effects. Natural disasters, agricultural disturbances, and
health-related shocks—all expected to increase with climate change—increase poverty rates (Hallegatte
et al. 2014; 2016; Hallegatte, Fay, and Barbier 2018; Skoufias, Rabassa, and Olivieri 201 1). Hurricanes,
floods, and droughts destroy assets and livelihoods, mainly those of the poor who are more vulnerable
due to a lack of resources and social support (Hallegatte et al. 2016). Natural disasters also impact
agriculture by destroying crops and reducing incomes for farmers, as well as by increasing food prices.

Examples from various case studies demonstrate how climate has already impacted poverty, especially in
impoverished communities. One study looking at the effect of natural disasters in Central and South
America found that floods and droughts had increased poverty by up to 3.7 percent in Mexico, by up to
23 percent in Peru, and by 12 percent in Bolivia (Rodriguez-Oreggia et al. 2013). In Ethiopia, a
devastating drought in 1984 reduced agricultural production, causing a large-scale famine. Asset-poor
households took an average of 10 years just to restore their holdings to pre-famine standards
(Hallegatte et al. 2016). In Mumbai, regular floods contaminate drinking water, reduce food availability,
and increase disease. In a survey of 200 households located in the flood zones of Mumbai, 40 percent
reported instances of diarrhea, 64 percent report cases of malaria, and 86 percent report cases of viral
fever because of increasing floods. Cases of malaria increased by 217 percent from 2001 to 2011 as a
direct result of the accumulation of water from intensified monsoon seasons coupled with poor
sanitation in low-income areas (Hallegatte et al. 2016). When examining macro-level impacts of climate
change on poverty, a Nordhaus (2017) study estimates that a 3 degrees Celsius increase in global
temperature can lead to a 2.| percent decrease in global income, with associated effects on poverty.

6.5.2 Climate change to undernourishment

There have been several global long-term forecasting studies that project the effect of climate change on
undernourishment out to 2050. These studies generally use consistent approaches, with the use of RCP
against a no-climate change scenario. This allows for direct quantification of climate change on
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undernourishment, as the percentage increase in the number of people in undernourishment relative to

a no-climate change future.

The magnitude of this effect varies among studies, from -
2.29 percent to 34.56 percent change in the population
suffering from undernourishment relative to a no-climate
change baseline scenario (Figure 28). Improvements in
undernourishment because of climate change generally
incorporate a CO,-fertilization effect, whereas all studies
that do not account for CO; fertilization project an
increase in undernourishment from climate change. Within
a single study, more climate change results in an increase in
undernourishment, with projections from Janssens et al.
(2020) varying between a -0.6 percent decrease in
undernourishment with strong mitigation efforts and
limited climate change (RCP 2.6) and a 24.4 percent

Climate change and COVID-19

The effect of COVID-19 is projected to
vary between an 6.2% to 12.0% increase
in undernourishment by 2040, very
much within the range of uncertainty of
climate change estimates. However, an
important distinction there is that
climate change effects tend to worsen
further out into the century, whereas
effects of COVID-19 are likely to lessen
over time.

increase with high climate change (RCP 8.5). The effect of COVID-19 is projected to vary between a 6.2
percent to |12.0 percent increase in undernourishment by 2040, very much within the range of

uncertainty of climate change estimates. However, an important distinction is that climate change effects
tend to worsen further out into the century, whereas the effects of COVID-19 are likely to lessen over

time.

November 2021 84



Figure 28: The relative effect of climate change on undernourishment at the global level by 2050, according to literature consulted.
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Figure 29: The relative effect of climate change on undernourishment for different world regions by

2050, according to literature consulted.

Relative Effects of Climate Change on Undernourishment

Region Grouping
South & Latin America Southeast Asia

3T
+;..
e

Eastern Asia (China+)

kb
o e
Repso oo
P50 oo

RCP2.6 ] i

BALDOS &
HERTEL2014 A NORCP

HASEGAWA SSP1
ET AL.(2018)

RCPE.0

S5P2 L]

e

i
*

|

ssP3
JANSSENS ET SSP2
AL.(2020)

RCP45

RCP6

RCP8S

Yoo

-40 -20 0 20

) ¢
o
40 20 0 20

40 -40 -20 20 40

Relative Change in Undernourishment ~ Relative Change in Undernourishment = Relative Change in Undernourishment = Relative Change in Undernourishment

(98) (98) (98)

Relative Effects of Climate Change on Undernourishment

Region Grouping
Southern Asia (India+)

BALDOS &
HERTEL2014 VA MNoRCP ° H »
HASEGAWA SSP1 RCP6.0 peo Jr @ o
ETAL.(2018)
SSP2 RCP6.0 pee Jre oo
SSP3 RCP6.0 poe g oo
JANSSENS ET SS5P2  RCP2.6 e
AL. (2020)
RCP4.5 *
RCP6 *
RCPB.S °

-30 -20 -10 0 10 20 30 40 50 &0 70

Relative Change in Undernourishment (%)

40

Sub Saharan Africa

A
toge ®
ook
s ok oo
e

*

*

(98)

D ¢ .

80 90 100 110 120 130 140 150 160 170 180 1S0

ohe

-40 -20 0 20 40

Estimates
@ Individual Estimates
% Mean Estimate

CoZ Fertilization
M CO2 Fertilization Effect
B No CO2 Fertilization Effect

Estimates
® Individual Estimates
% Mean Estimate

Co2 Fertilization
M CO2 Fertilization Effect
Ml No COZ Fertilization Effect

Note: The percent decrease or increase is relative to a no-climate change baseline scenario. The stars depict mean effects for
studies that have multiple data points. The individual data points represent estimates using different climate or crop growth
models, and whether the climate to food security accounts for CO»-fertilization (dark versus light blue). To isolate the climate
effect, we break up measures in studies according to SSP and RCP. Rosenzweig and Parry (1994) use an endogenous
socioeconomic scenario and a climate change scenario close to RCP 8.5. Baldos and Hertel (2005) also use an endogenous

socioeconomic scenario.
Source: Authors’ elaboration based on the cited literature.

November 2021 86



The effect of climate change on undernourishment is most pronounced in sub-Saharan Africa and
Southern Asia (Figure 29). As with COVID-19, climate change is projected to have the largest negative
effect on undernourishment in the most food insecure regions of the world. In Southern Asia, effects
vary between -2.6 percent to +40 percent, with an extreme outlier of +14| percent under severe
climate change (RCP 8.5). The effect of COVID-19 in Southern Asia varies between a +7.3 percent to
+13.7 percent increase in undernourishment, at the lower end of most estimates. For sub-Saharan
Africa, the effect of climate change on undernourishment varies between -2.9 percent to +43.8 percent.
Even with CO»-fertilization, climate change generally negatively affects undernourishment out to 2050
(except for Baldos and Hertel, 2014), and the difference between an estimate with and without CO,-
fertilization is less pronounced. This suggests that while CO,-fertilization is a big associated uncertainty,
climate change seems to increase undernourishment in sub-Saharan Africa, with or without this
assumption. Undernourishment due to COVID-19 ranges from 4.9 and | |.| percent. Only two climate
change projections report an increase in undernourishment below | I.1 percent, either with limited
climate change (RCP 2.6) or strongly driven by positive effects of CO»-fertilization. As such the effect of
COVID-19 on undernourishment in sub-Saharan Africa is at the lower end of the projections.

6.5.3 Climate change to child stunting

We could find just one study projecting the effects of climate change on child stunting and highlighting
the need to further integrate child stunting and aspects of food utilization into long-term projections of
climate and food security. The study by Lloyd et al. (2018) projects child stunting to 2050 using the
GLOBIOM model, with varying assumptions on climate change (RCP 2.6 and RCP 8.5) and
socioeconomic projections (SSP4 and SSP5). However, the effect of climate change on child stunting in
this study is projected to be minimal, with limited variation for the four different scenarios (+0.6 percent
to +1.0 percent). The impact of COVID-19 in this study is considerably larger, with a projected increase
of 4.0 percent to 7.7 percent by 2040. It would be premature to base any definitive comparative
conclusions on such a limited base of evidence. However, one important consideration is that child
stunting tends to be driven by many socioeconomic conditions, such as overall economic growth,
parental education, and access to WATSAN, all of which are more directly affected by COVID-19 then
by climate change.

One important omission is that climate change studies generally focus on mean reductions in crop
production and less on volatility in production. Wasting in children tends to be much more responsive
to immediate reductions in food, from extreme weather events or conflict (Moyer et al. 2020).

However, wasting and stunting generally share the same -
Eva

drivers, and early childhood wasting tends to make .. Analytical insight

children more susceptible to stunting in the following

months to year (Li et al. 2020; Briend, Khara, and Dolan Projections of the effects of climate
2015; Blankenship et al. 2020). Thus, the dominant change on child stunting and extreme
pathway of climate change to child stunting may operate poverty are largely absent, making a
through climate-induced shocks, but this is currently an quantitative comparison between

effects of climate change and COVID-

omission in our understanding of how climate change may 19 difficult for these indicators

affect food security and child stunting in the future.
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6.5.4 Conflict to poverty

Conflict has a significant and negative impact on poverty incidence, both during and after conflict.
Conflict increases levels of poverty by destroying assets and diverting public funds from social programs
(Bircan, Bruck, and Vothknecht 2010; Justino 2012; Marks 2016; Rohwerder 2014). The destruction of
assets during periods of conflict inhibits people’s participation in the market, which reduces overall
economic productivity (Justino 2012). As a result, conflict correlates with reductions in GDP per capita
and GDP growth (H. Mueller and Techasunthornwat 2020). In addition, conflict increases government
expenditure on the military, which diminishes resources for social programs (Gates et al. 2012a;
Rohwerder 2014). People living in poor conditions already depend heavily on social services; a reduction
in government assistance can further worsen living conditions or even push people further into poverty
(Bircan, Bruck, and Vothknecht 2010).

The study of historical conflict supports this. During the Rwandan genocide in 1994 people’s assets
were destroyed or stolen, leaving them with no livelihoods or access to the market. If the conflict had
not taken place, Rwandan GDP per capita would be as much as 30 percent higher, which could have
reduced poverty up to |5 percent (World Bank 2004). The civil war taking place in Yemen has
destroyed infrastructure, capital, and personal assets (including land and livestock) while displacing
millions (Moyer, Hanna, et al. 2019; Moyer, Bohl, et al. 2019). Loss of assets and of income have resulted
in widespread poverty. If the conflict continues, it is estimated that by 2030, as much as 80 percent of
the population may live in extreme poverty (Moyer, Hanna, et al. 2019).

While short-term effects of conflict on poverty are understood to be severe, longer-term effects appear
to be more muted. At the macro-level, post-conflict states may recover lost assets or damaged capital
(Justino 2012). However, long-term effects may be more prevalent at the individual level due to the loss
of education and, in turn, economic mobility and general livelihoods (Justino 2012). Women and children
also constitute the majority of refugees displaced by conflict situations. Among displaced populations,
the loss of assets, income, and education contributes to an increase in long-term poverty levels (Ibafiez
and Moya 2010). Accordingly, Verwimp and Munoz-Mora (2013) found that it takes 8 to 10 years for
welfare and economic levels of displaced persons to reach the level of the non-displaced community,
contributing to higher poverty levels and lower caloric intake for years after a conflict. While more
muted, negative impacts on poverty reduction in a post-conflict context seem to be greater compared
with a counterfactual world in which conflict did not exist.

6.5.5 Conflict to undernourishment

The literature on conflict as a driver of undernourishment is generally historically focused and uses a
wide range of methodologies, indicators to assess the effect, and spatial and temporal scales. That makes
a one-to-one comparison nearly impossible. Therefore, we present a descriptive overview of
quantitative effects (Table 7).

Several studies have examined the effect of conflict on food production. Messer et al. (1998) examined
food production in the war-torn countries of sub-Saharan Africa from 1970 to 1994. The study found
that food production per capita dropped by a mean of 12.3 percent in war years compared to peace
times. Similarly, in an analysis of 38 countries, Teodosijevic (2003) found that agricultural production
dropped by about |.5 percent per year during times of conflict, and mean caloric intake dropped by
seven percent.
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Only a single study looked at the effect of conflict on the number of people in undernourishment. A
cross-national assessment by Gates et al. (2012) found that medium-sized conflict resulting in
approximately 2,500 battle deaths led to a 3.3 percent increase in the number of undernourished.

There have been very few studies of the effects of continued conflict over a prolonged period. In one, a
study on the duration of conflict in Yemen on human development using the IFs model suggests that a
prolonged conflict out to 2030 could result in 95.5 percent of the population in Yemen suffering from
undernourishment in 2030, relative to 27.3 percent in 2030 if the conflict were to end by 2022 (Moyer,
Hanna, et al. 2019). This range of conflict effects on undernourishment highlights potential severe
prolonged effects. But it also cautions against an overly simplistic direct comparison of the effects of
COVID-19 on undernourishment with the effects of conflict on undernourishment, given challenges in
projecting and assessing the effect of conflict on the future of food security.

What we can say is that without changes in policies, the effect of COVID-19 on undernourishment,
directly and out to 2040, is significant, even when compared to direct impacts of conflict. However,
explorative assessments of multi-year conflict suggest a much higher long-term impact of conflict on
undernourishment. Much more work is required to model the occurrence and severity of conflict out to
the future to better understand the potential range of impacts across countries and world regions.

Table 7: Overview of literature estimating an effect of conflict on indicators of undernourishment
and poverty.

Source Timeframe Indicator Where Finding

Teodosijevic  During conflict  Supply—Agricultural ~ Cross- On average, agricultural production drops by

(2003) Production national about 1.5 percent per year during conflict

Messer et al. During conflict  Supply—Food Sub- Mean 12.3 percent drop in food production

(2012) production per capita Saharan per capita in war years compared to peace
Africa times, for war-torn countries in sub-Saharan

Africa between 1970-1974

Gates etal.  During conflict  Generic—Mean Cross- Medium conflict (2,500 battle deaths) leads
(2012) dietary energy national to a 3.3 percent increase in the population
requirement living on less than the mean dietary energy

requirement

Verwimp Post-conflict Generic—Lower Burundi The Burundian population forced to flee
and Mora caloric intake violence experienced 6 percent lower
(2013) caloric intake than the non-displaced

population after the conflict

Post-conflict Access—Welfare and  Burundi It takes 8 to10 years for welfare and
economic levels economic levels of displaced persons to
reach the level of non-displaced community

World Bank  Post-conflict Per capita GDP Rwanda Had the Rwandan Genocide not occurred,
(2004) GDP per capita could be up to 30 percent
higher today
Moyer et al.  During conflict Population (percent)  Yemen The population in Yemen living below the
(2019) living below the national poverty line increased from 35
national poverty line percent in 2005 to 54 percent in 201 |

because of the ongoing conflict
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6.5.6 Conflict to child stunting

A direct comparison of the impact of conflict on child stunting, and more generally child
undernourishment, is not possible given differences between studies and the still relatively limited
evidence base. However, there have been studies quantifying effects of conflict on child stunting—and
child undernourishment more generally.

Conflict has a negative effect on child stunting, and other indicators of child malnutrition, with many
effects manifesting during but also after conflict (Table 8). A study of child stunting in Burundi found that
children exposed to war have on average 0.515 standard deviations lower height-for-age z-scores than
non-exposed children (Bundervoet, Verwimp, and Akresh 2009). The effects of conflict on height aren’t
necessarily constrained to young children. A study in Nigeria found that girls zero to three years old
exposed to war were on average 0.75 cm shorter in stature in adulthood compared to women not
exposed to war, whereas women |3 tol6 years old exposed to war were on average 4.5 cm shorter.
Other studies have looked at the effects of conflict on child malnutrition more generally. A case study of
Kurdish refugees in Iraq concluded that children 12 to 24 months old experienced significant weight loss
and acute malnutrition at a rate three times higher than the normal range prior or after the crisis (Ayala
and Meier 2017; Bahwere 2014; Yip and Sharp 1993). However, none of these studies allow for a direct
comparison between COVID-19 effects on child stunting relative to the effects of conflict.

Very few studies have attempted to forecast child malnourishment in the future, let alone quantify the
effect of conflict thereon. Much of the work that has been done uses the IFs model. A cross-country
study quantifies the impact of changing conflict by 0.5 standard deviations on severe wasting. It found
that increasing conflict creates a range of 19.5-29.3 million severe wasting cases in 2030 (Moyer et al.
2020). Another report using the IFs model compares malnourished children in North-East Nigeria in
2030 under a “no-conflict” and “conflict” scenario. In 2030 in a “no-conflict” future, 22.2 percent of
children (760,000) are projected to be malnourished in North-East Nigeria. This increases to 37.4
percent of children (1.37 million) if conflict continues until 2030 (Hanna et al. 2020). Another IFs study
on the impact of conflict projects that conflict could increase childhood malnutrition in Yemen from
25.6 percent (no-conflict) to 95.5 percent (with conflict) in 2030 (Moyer et al., 2019b). These studies
provide initial insights into the magnitude that prolonged multi-year conflict can have on indicators of
child nutrition. Clearly these effects surpass the impact of COVID-19 on child stunting in 2020, as well
as out to 2040. However, the uncertainty in projecting conflict across nations, and the associated
severity and duration, result in a limited understanding of the range of conflict on child stunting.
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Table 8: Overview of literature estimating an effect of conflict on child stunting and other indicators

of child malnutrition.

Reference Timing Indicator Country Findings
Bundervoet Post-conflict Access— Burundi Children exposed to war have on
et al. (2009) Malnutrition average 0.515 standards deviations
(HAZ) lower height-for-age Z-score than non-
exposed children.
Yip and Sharp  During and Post-  Access and Syria Refugee children 12-24 months old
(1993) conflict utilization— experienced significant weight loss, and
Malnutrition acute malnutrition was 3x higher than
the normal range.
Akresh etal.  Post-conflict Utilization— Nigeria (Biafra)  VWomen exposed to the Nigerian Civil
(2012) height War between 0 and 3 years old are

0.75 cm shorter than non-exposed
women of the same age.

Women exposed during adolescence
(13 to 16 years old) are 4.5 cm shorter
than non-exposed women of the same
age.

6.6 Summary of findings on conflict, climate, and COVID-19

Climate change and conflict are expected to impact the supply, access, and utilization dimensions of food
security, particularly among the worlds’ most vulnerable populations. Agriculture-dependent
communities will likely face the brunt of climate-induced food availability and access constraints. An
increase in food- and water-borne disease under climate change reduces a populations’ ability to safely
use their food, contributing to a vicious cycle of disease and reduced nutritional uptake.

The conflict-food security nexus follows a similar pattern. Conflict destroys production and distribution
infrastructure, devastates economies and incomes, and limits access to clean water and sanitation.
These negative impacts are concentrated among the most vulnerable populations. In the case of conflict,
women and children tend to be more vulnerable than men to poverty, undernutrition, and food

insecurity in general.

Both climate change and conflict projections are marked
by significant uncertainty. The CO,-fertilization effect
yields substantial ranges in the extent and direction of the
impact of climate change. The future of conflict is also
highly uncertain, with some projections suggesting conflict
could increase, while others anticipate the continuation of
post-Cold War trends toward greater peace and stability.
Though patterns can be difficult to anticipate, the future of
climate change and conflict remain significant and uncertain
drivers of future food insecurity.

Analytical insight

Climate change, conflict and COVID-19
affect food security indicators through
unique pathways. For example, climate
change projections primarily focus on
agricultural supply effects, and to a
lesser extent on food access and
utilization. COVID-19 effects primarily
manifest through demand-side effects

on food access.
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In comparing the effect of these three risk factors, we note significant differences in: a) the pathways
through which each risk factor impacts food security; b) our understanding of the risk factor and its
effects; and c) the geographic distribution of the drivers.

While climate change and conflict impact food security through all three dimensions of food security,
the primary pathway from COVID-19 to food insecurity is reduced income and food demand. COVID-
19 has little to no effect on food availability and its impacts on utilization occur only over time. Like
COVID-19, conflict and climate are expected to reduce food demands through income reductions. In
the case of conflict, supply and utilization are also frequently affected. And in terms of climate change,
food demand effects tend to be overshadowed by the influence of climate on food availability systems.

Another key distinction is the degree to which we understand climate change, conflict, and COVID-19.
The full effects of climate change are primarily a future challenge, although these effects are increasingly
apparent. Uncertainties associated with the CO,-fertilization effect and greenhouse gas emissions limit
our ability to understand climate changes’ potential impact. COVID-19 and conflict are also highly
uncertain disruptions. The effects of COVID-19 and conflict shift development in unique ways depending
on context and population, and it can be difficult to anticipate where and when pandemic and conflict
events may occur. But COVID-19 and conflict are problems we have experience with. While the
development consequences and variants of COVID-19 are still evolving, we have seen firsthand the
outbreak of the pandemic and many of the devastating consequences. Similarly, conflict has influenced
food security for generations, providing substantial historical evidence on how conflict influences food
systems.

The final point of distinction is the geographic distribution of the three negative trends. COVID-19 is
global in scope, though it will impact regions differently. Comparably, climate change is a global
phenomenon with localized discrepancies. Conflict, in contrast, tends to be localized, driven largely by
the character of conflict and local structure of development.

Lastly, it is important to note the main point of continuity for all three disruptions; Climate change,
conflict, and COVID-19 disproportionately impact the poorest and most vulnerable populations. For this
reason, socioeconomic development is critical to mitigating the negative impacts of climate change,
conflict, and COVID-19 on food insecurity. To situate conflict, COVID-19, and climate change more
broadly as risk factors driving future patterns of global food security, it is crucial to recognize that these
are not the only drivers of human development outcomes. Much research also suggests that the future
character and level of human development will be driven by other factors outside the scope of this study
and that the future of food security is much more uncertain because of future patterns of economic
growth, policy priorities, demographic trends, and the diffusion of technology (Dickerson, Cannon, and
O’Neill 2020; Hasegawa et al. 2018; Schmidhuber and Tubiello 2007).
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/. Appendices

Appendix A - List of Participants at Expert Meetings

The following people participated in the expert meetings on scenario design for the COVID-19
scenarios about economic growth, inequality, government debt, and education:

e Samantha Alvis, United States Agency for International Development
e Daniel Gerszon Mahler, World Bank

e Susannah Hares, Center for Global Development

e Barry Hughes, Pardee Center for International Futures

o Mohammad Irfan, Pardee Center for International Futures

e  Christoph Lakner, World Bank

e Cedric Okou, World Bank

e Sherman Robinson, International Food Policy Research Institute
e  Prachi Srivastava, University of Western Ontario

e James Thurlow, International Food Policy Research Institute

e Vasilis Tsiropoulos, World Bank

Nina Weisenhorn, United States Agency for International Development

The first meeting introduced the project and the structure of the IFs model. Meetings 2 to 5 were
expert elicitations focused on COVID-19 and economic recovery, COVID-19 and inequality, COVID-19
and education, and COVID-19 and government debt. We used the meetings to inform the general
scenario framework and the specific scenario assumptions and to discuss the main drivers and
uncertainties associated with COVID-19 and individual systems. A sixth meeting was organized to
present the result scenarios and discuss results and policy implications.
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Appendix B - World Regions

Figure 30 depicts the world regions used in the analysis. We use the same groupings as Janssens et al.
(2020) to allow for easier comparison between our COVID-19 results and climate change studies (see
Section 6). We distinguish a total of 10 world regions: Canada and the U.S,, Latin America and the
Caribbean, Europe, Commonwealth of Independent States, Middle East and North Africa, sub-Saharan
Africa, Southern Asia (Indiat+), Eastern Asia (China+), Southeast Asia, and Oceania.

Figure 30: World regions used in the analysis. These regions are Canada and the U.S., Latin
America and the Caribbean, sub-Saharan Africa, Europe, Commonwealth of Independent States,
Middle East and North Africa, Southern Asia (Indiat), Eastern Asia (Chinat) Southeast Asia, and
Oceania.

Region
® Canada + US

® Eastern Asia

® CIS-region

® Europe

® Middle East and Northern Africa
® QOceania

® Southeast Asia

Southern Asia
® Latin America and the Caribbean
sub-Saharan Africa

Source: Authors’ elaboration.
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Appendix C - The International Futures Model

IFs is a tool for thinking about long-term, country-specific, regional, national, and global futures. IFs
integrates forecasts for different sub-models, including population, economy, agriculture, education,
energy, sociopolitical, international political, environment, technology, infrastructure, and health (Figure
31). These sub-models are dynamically connected, so IFs simulates how changes in one system lead to
changes against all other systems. As a result, IFs endogenizes more relationships from a wider range of
key global systems than any other model in the world.22

Figure 31: Stylistic representation of the sub-models of the International Futures model and the
interactions between them.

Education Demographics Health

International

Governance Economics "
Politics

Agriculture Finance Technology

Infrastructure Environment

Note: This representation does not depict all the interactions between the submodules. Dark blue refers to the human
development system, light blue refers to the governance and socioeconomic system, and grey refers to the components of the
(bio)physical system represented in the IFs model.

Source: Authors’ elaboration.

IFs leverages historical data (over 4,500 historical series), identifies and measures trends, and models
dynamic relationships to forecast hundreds of variables for 186 countries for every year from 2017 to
2100. IFs is used to help understand dynamics within and among global systems, thereby allowing users
to think systematically about potential futures as well as development goals and targets. There are three
main avenues for analysis in IFs: historical data analysis (cross-sectional and longitudinal); Current Path
analysis (where systems seem to be developing); and alternative scenario development (exploring if-then
statements about the future). No software can predict the future. IFs forecasts are informed extensions
of current trends and dynamics built on our current knowledge of development patterns.

Broadly speaking, the IFs model fits into the history of system dynamics and integrated assessment
models. System dynamic models aim to represent the world as an interconnected system, in which
positive and negative feedback loops between system components jointly drive development in
economic, environment and human systems. Many of the concepts of system dynamics modeling have
later been adopted by the integrated assessment modeling community, which primarily focuses on
studying the interactions between the climate and the economic system. A famous example is the
Dynamic-Integrated Climate-Economy model or DICE from Nobel laureate William Nordhaus

2 |Fs is free to download or use online from: http://pardee.du.edu
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(Nordhaus 2018). These integrated assessment models are primarily used to study the interactions
between socioeconomic and climate change and the effects of mitigation and adaptation policies (van
Vuuren et al. 201 I; O’Neill et al. 2014). The IFs model has characteristics of both modeling philosophies
by connecting a climate and economic model, as well as more broadly assessing development across a
wider set of integrated connected systems.

The Economic Model

A core component of the IFs model is the economic model with connections with all other sub-models
in IFs. For studies on food security, the economic model forecasts economic growth and, consequently,
changes in average household income central to understanding extreme poverty, undernourishment, and
child stunting. The model also captures changes in agricultural economy, agricultural trade, and
production. The IFs economic model is documented in academic literature and policy reports (Hughes
and Narayan 2021), and all relevant documentation is publicly available.22 Here we provide an overview
of some core concepts of the economics model, largely building on existing documentation.

The treatment of economics in IFs draws on both the classical tradition’s focus on economic growth
(with great attention in IFs to the newer work on endogenous growth theory) and the neoclassical
perspective's general equilibrium approach.

The economic module is a core component of the IFs system for multiple reasons: in particular for its
close interactions with all other modules. On the input side, variables from almost all other modules
affect production levels. On the output side, the magnitude of GDP and the level of GDP per capita are
critical for essentially all other modules. Most closely linked to the economic module are the energy and
agriculture modules, both of which use a partial equilibrium structure that echoes the one in the
economic module, and both of which provide physical values that fully determine the currency value-
based representations of their respective sectors in the economic model.

Basic economic variables include GDP at market exchange rates, GDP at purchasing power parity, GDP
per capita at market exchange rates, and GDP per capita at purchasing power parity. The model
represents all of these in constant 201 | dollars and includes a representation of the portion of the
economy that is informal.

The supply side of the economic module is based on the Cobb-Douglas production function:
VADD, ;= MFP.¢ * CAPUT, ¢ * KS& + LABS\, ),

The function uses labor, capital, and multifactor productivity (MFP) as the primary drivers of economic
growth. In the above equation, capital stock (KS) is a function of investment and depreciation rates,
labor supply (LABS) is determined from population and endogenously derived labor force participation
rates, and there’s an exogenous capacity utilization (CAPUT). Value add and each factor of production
are specific to the country (r) and sector(s). In the COVID scenarios, the economic shock is distributed
across the capacity utilization and productivity terms, with 20 percent passing through to MFP in the
Current Path scenario, and Unequal Paths scenario.

2 For the full documentation of the IFs economic model the interested reader is referred to our open-source wiki page:
https://pardee.du.edu/wiki/Economics

November 2021 96


https://pardee.du.edu/wiki/Economics

While the treatment of capital and labor in the IFs system will be familiar to users with an understanding
of neoclassical economics, the treatment of productivity within IFs deserves greater explanation. Unlike
most neoclassical models, which primarily focus on technology as the determining factor of productivity
in their equations, the IFs system uses MFP, which is a broader definition of productivity. The MFP term
in IFs has four basic components: human (MFPHC), social (MFPSC), physical (MFPPC), and knowledge
capital productivity (MFPKN) (Figure 32). Each of these components can take on a positive or negative
value, depending on whether the calculated value of the component is providing a positive or negative
impact to economic growth rates relative to what would be expected based on the country’s level of
development.

Figure 32: A stylistic representation of the IFs economic growth model.
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Note: Economic growth (far right) is driven by labor supply, production capital, and MFP. MFP is driven by the four components
of human capital, social capital, physical capital, and knowledge base, which themselves are linked to other sub-models in IFs
about education, health, governance, and infrastructure.

Source: International Futures (IFs) model. Frederick S. Pardee Center for International Futures, Josef Korbel School of
International Studies, University of Denver, Denver, CO.

Drivers of MFP vary by component. MFPHC is driven by years of education, education expenditures, life
expectancy, and health expenditures. MFPSC is driven by Freedom House’s measure of political freedom
(a variable describing democracy), governance effectiveness, corruption perceptions, and economic
freedom. MFPPC is driven by two separate indices of infrastructure: traditional (roads, electricity, and
water and sanitation) and information and communication technology. Finally, MFPKN is driven by
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research and development expenditures and economic integration. This final component of MFP
represents a measure of connectedness to the global economy. Thus, changes in other sub-models of IFs
will result in changes to the relevant component of multifactor productivity and therefore to economic
growth.#

Figure 33: Example of a condensed Social Accounting Matrix (SAM) for IFs in India in 2017 with a
differentiation the flow of goods and services across sectors and actors.

Social Accounting Matrix — O >

Continue  Using Countries/Regions  Percent Change From Base Case  Show Stocks  Display for Print Expand 5AM
About SAM
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Source: International Futures (IFs) modeling system, Version 7.68. Frederick S. Pardee Center for International Futures, Josef
Korbel School of International Studies, University of Denver, Denver, CO.

The production function is embedded in a six-sector model of the economy featuring agriculture, raw
materials, energy, manufactures, services, and information and communication technology that balances
domestic demand and trade in a general equilibrium-seeking structure. Production and consumption of
goods and services are in turn incorporated into a larger SAM, which represents the behavior and
financial interaction of households, firms, and government (Figure 33). A SAM traditionally

represents flows among different economic sectors and agent categories (e.g., households, firms, and
government). For instance, it represents private consumption and net national savings, as well as
household income and savings; firm income, investment by sector, and savings; government revenues,
total expenditures with transfers, transfers to households, directed consumption in total, and by sector,
and balance. IFs builds a full and balanced SAM of these and many other inter-agent flows. It also creates
a second matrix that represents financial stocks (assets and liabilities) of different agent categories for all
countries in the system, including, for instance, government debt. The representation of stocks in this
fashion provides the foundation on which the system adjusts flows of finance among different agents and

2 For more information on the use and specification of multifactor productivity in IFs, see Hughes and Narayan (2021).
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among countries over time, maintaining consistency with the liability-asset approach used in standard
accounting systems.

The behavior of agents within this system is not fixed, as in many computable general equilibrium models
(which use SAMs commonly). Instead, agent behavior is partially endogenized using algorithms that allow
the behavior of agents to shift depending on the levels of stocks of relevant variables within the SAM.

So, for example, different levels of government debt trigger different patterns of government
expenditures and revenues in IFs, with forward effects on spending on education and water and
sanitation infrastructure that in turn affect indicators of food security over time.

Multifactor productivity and the SAM are two areas in the model deeply imbedded within many different
systems in IFs. They both directly drive and are driven by changes in human, social, and physical variables
and, as such, are key to evaluating trade-offs and synergies across and between alternative interventions.

The Agricultural Model

The IFs agricultural model is a partial equilibrium model that connects the agricultural economy and the
agricultural production system to forecast long-term trends in agricultural demand, agricultural
production, land under cultivation, production intensity, and international food trade. The IFs
agricultural model forecasts production in crops, meat, and fish and distinguishes five land use categories
(cropland, grazing land, forests, urban, and other land). The model focuses on forecasting foodstuffs, but
also accounts for feed and industrial demand of food crops. A core concept of the agricultural model is
that agricultural production globally aims to meet agricultural demand, and global food underproduction
would not occur in a baseline development scenario. At the national level, domestic agricultural
production supplemented by international food trade and changes to food stock aim to meet agricultural
demand. Data on agricultural land, production, and trade primarily come from the FAO food balance
sheets. A full description of the IFs agricultural model can be found at Agriculture - Wiki (du.edu). Here
we describe the key features of the IFs agricultural model and the updates undertaken for this project,
with a focus on the agricultural crop system, given its disproportionate share in caloric consumption and
thus food security.

Agricultural demand, expressed as total per capita caloric demand, is a function of changes in household
income, consumption patterns, and changes in overall population. Thus, agricultural demand is strongly
linked to the population and economic models of IFs. Long-term forecasts of total per capita calorie
demand are driven by changes in GDP per capita (a proxy for income). GDP per capita alters the total
calorie demand per capita. Moreover, changes in GDP per capita also result in a dietary shift with more
affluent populations shifting to a more protein-based diet of meat and fish. The overall food demand is
limited by constraints on maximum calories per capita demanded and a maximum caloric demand for
meat and fish. More importantly, the total agricultural demand is checked against the ability of
households, through household consumption, to afford the total demand. In general, households have
the ability to shift consumption. Consumption on agricultural products is protected, meaning that in the
case of limited resources, consumption on food is being prioritized and protected as much as possible.
The COVID-19 economic crisis affects food demand by lowering GDP per capita. The direct effect of a
reduction in GDP per capita on total caloric demand is partly ameliorated through shifts in household
consumption, the use of savings to minimize losses in household consumption, and dietary shifts toward
crop consumption.
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To meet rising agricultural demands over time, countries either produce more food or change
agricultural trade patterns. In its most simple form, agricultural production is a function of land under
cultivation (in ha) and yield in million metric tons per ha such that:

AG Production pre LoSScountry,year = Cropland ountryyear * Yieldcountryyear

The IFs agricultural model uses a yield saturating forecast with diminishing returns to investment and a
Cobb-Douglas production function. This mimics the previous formulation of value add in the economic
model. The core inputs are labor supply (LABS), capital stock in agriculture (KAG), a technological
growth function (AgTec), a saturation value (SATK), and a scalar (cD) such that:

. _ alpha 1-alpha
BaseYield ountry year = (1 + AGTECcountry,year) * CDcountry * KAGcountry,year * LABScountry.year

The growth in technology, labor, and capital all are informed by the economic module. The alpha is the
Cobb-Douglas coefficient reflecting the relative elasticities of increasing an input of capital or labor to
yield and is calculated on a yearly basis using information from the Global Trade Analysis Project
database (Global Trade Analysis Project 2018), in combination with changes in GDP per capita.

Yields cannot increase indefinitely but are bounded by biophysical constraints and management
techniques to optimize the use of nutrients and water. Both differ between countries. For this project,
we updated the saturation of yields, using data on yield gaps (Mueller et al. 2012; van Ittersum et al.
2016; van Zeist et al. 2020). Yield gaps describe the difference between the actual yield and the
maximum attainable yield with optimal techniques, within a biophysical climate-unit. We used data on
cereal yield gaps, at the national level from Mueller et al. (2012), to calculate maximum attainable yields:

MaximumYield .oynery = Yield2017 coyntry/YieldGapcountry

The saturation coefficient is then a function of the difference between the actual yield each year and the
maximum Yyield for that country:

Yieldcountry,year
MaximumYield oynery

SATKcountry,year =

The growth in yield from year-to-year is then constrained by the saturation coefficient, such that the
closer a country is to its maximum yield, the more difficult it becomes to increase yields further:

BaseYield oyntry year = Yield2017 coynery + ((BaseYield ountry,year — Y1€ld2017 coyntry) *
SATKcountry,year )

Following other global cropland models (Neumann et al. 2010; Van Asselen and Verburg 2013), we
assume that the cereal yield gap is a good indicator of yield gaps among all crops. Cereals are the most
important crops around the world and occupy the largest share of production. As such the production
intensity of cereal crops is likely to be a good approximation of the production intensity of other crops.

Yield gaps are especially high in sub-Saharan Africa, and more generally in low-income countries.
Incorporating yields gaps into the biophysical constraints allows for relatively more potential growth in
countries with high agricultural potentials, and limits yield increases to country-specific biophysical
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constraints. It also allows for future analysis on the potential of the agricultural sector, i.e. what would
overcoming yield gaps in sub-Saharan Africa mean for food security and more generally human
development (see for an example van Ittersum et al. 2016).

The other component of production relates to land under cultivation. The IFs agricultural model has a
non-spatial land use routine distinguishing five land use types at the country level. Expansion and
contraction of cropland are governed by changes in agricultural investment. Investments in agriculture
are an output from the economic module and must be allocated across investments in yield and
investments in land. The share of investment going to land is based on an initial share of investment
going to land and, for the forecast years, depends on the relative returns of investing in one unit of yield
increase versus a unit of land increase. Returns on investments from yield diminish with higher yield
intensities and yield saturation, and similarly returns on investment from land reduce if more land is
under cultivation.

As there are biophysical maximums to yield increases so, too, are there biophysical and economic
maximums to cropland expansion. Global estimates for potential arable land vary widely between
different approaches and depend on biophysical constraints but also on more definitional issues of what
potential is. For example, maximum cropland expansion can be based solely on land suitability from soil
and climatic conditions, or it can further lower available land for expansion by taking into consideration
the protected area networks and other human agency considerations. To account for this variation, a
study by Eitelberg et al. (2015) provides a three-range estimate (low, medium, high) of arable land
potential, varying between 1,867 MH to 5,333 MH globally. Here we updated the agricultural model to
integrate all three potential arable land ranges. We aggregated the spatial data from Eitelberg et al.
(2015) to country-level estimates. We then calculated the difference between current arable land in use
and the arable land potential. Similar to other global crop models, returns on investment diminish the
larger the share of the potential arable land in use (Doelman et al. 2018). The inclusion of the maximum
potential arable land, and the three levels, allow us to explore the potential of maximum country-level
land expansion under different policy constraints, and to assess the effect of land expansion on food
security, and more general on human development and climate change. All scenarios presented in this
report use the high range of potential arable land.

The IFs model has a simplified climate change routine with endogenous feedbacks between economic
growth and emissions and forward effects from global climate change to agricultural yields. There are
two general approaches for linking economic growth and climate change into integrated modeling
exercises. One option is to separate the two by exogenous prescriptions of emission pathways,
Representative Concentrations Pathways (van Vuuren et al. 201 1), with exogenous scenario
prescriptions on socioeconomic developments, Shared Socioeconomic Pathways (O’Neill et al. 2014).
Another approach links socioeconomic development and climate change endogenous with simplified
relationships and feedback loops between economic growth and climate change (Nordhaus 2018). The
emission scenario used in the IFs model fall between 4.5 and 6.0 RCP, with a projected global CO»-
concentration of 522.1 parts per million by 2050. Like RCP 4.5, it projects a slowing down of the CO,
concentration after mid-century. All scenarios in this report have roughly the same climate pathway,
although changes in the economic model from COVID-19 allow for slight deviations in the emission
pathway.

Climate change has a dual effect on crop production. Following the ISIMIP protocol, we account for
CO,-fertilization, which positively affects yield with higher CO;-concentration. At the same time,
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changes in global mean temperature and precipitation patterns negatively affect plant growth for most
regions, due to drier and warmer climatic conditions. This results in negative feedback to plant growth,
especially in world regions in temperate and tropical latitudes. Overall, by 2050 the climate-induced
change in crop production for different world regions varies, with a slight positive to no net effect in
northern latitudes and reductions in yield varying between -4.0 percent in Southeast Asia to -5.8 percent
in sub-Saharan Africa by mid-century. While climate change can also affect arable land potential, there
have been very few studies that estimate the extent of this for all countries globally. Therefore, we
assume no effect of climate change on arable land potential.

Many countries are not able to meet agricultural demand based purely on domestic production, and for
the next decades growth in agricultural demand in sub-Saharan Africa is projected to outpace growth in
production. Agricultural trade can be used to supplement insufficient domestic production and make
food availability meet demand, albeit with increasing levels of food import dependence. The future
challenge will be to continue to meet agricultural demand at the national level, with socioeconomic
trends resulting in a growing and more affluent population in many food insecure countries on the one
hand and biophysical constraints imposed to expanding global crop production from land availability,
yield plateaus, and rising impacts of climate change on the other hand. The future of food security will
thus be shaped by interactions between the socioeconomic system and the agricultural and biophysical
systems, and |IFs—with their associated positive and negative feedback loops—provides a unique tool to
study long-term projections integrating all these systems together-.

Forecasting Poverty in IFs

The IFs model forecasts extreme poverty for 186 countries based on dynamically connected
representations of economic growth, income distribution, and demographic change. Poverty projections
in IFs and the underlying methodological description have been published in academic and non-academic
literature; here we provide a more concise overview (Milante, Hughes, and Burt 2016; Hughes 2019;
Moyer and Bohl 2018; Moyer and Hedden 2020).

Economic growth drives changes in household income. The forecasts of economic growth have been
described in the previous section, on the economic model in IFs. The other component relates to the
need to understand and forecast the distribution of income among households in society. The IFs
approach uses a log-normal distribution of household income among all countries. The log-normal
distribution is the most widely used distribution of household income, offers important advantages for
long-term forecasts and has been empirically tested (Bourguignon 2004; Shorrocks and Wan 2008).
Figure 34 provides an example of a log-normal distribution, or bell-curve, for income used in the IFs
model.

One advantage of using a log-normal density to capture the distribution of income in a society is that it
can be fully specified with only two parameters: average income and the standard deviation of it. Mean
household consumption, logged, is used as the distribution variable and the Gini-coefficient of income
inequality for the standard deviation of the logged distribution variable. Forecasts are initialized using
data from PovCalNet for different poverty thresholds (World Bank 2021d). Using the log-normal
distribution along with with the mean household consumption provides us with an approximation of the
distribution of income within a country. The last component is then a minimum threshold value, below
which one is considered to live in poverty. The IFs model can produce forecasts using a variety of
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international thresholds at $1.90 per day, $3.20 per day and $5.50 per day. In this report, we use the
$1.90 per day threshold to assess the percentage of the population living in extreme poverty.

Figure 34 provides an example of how changes in per capita income and changes in the Gini-coefficient
drive our forecasts of extreme poverty. The changes in per capita income are a consequence of changes
in economic growth and population dynamics from the IFs population model. Changes in Gini-coefficient
can either be endogenous forecasted or can be exogenous prescribed. Given the uncertainties into how
COVID-19 is affecting the Gini-coefficient, we opted for exogenous forecasts in this report. We keep
the Gini-coefficient constant at 2019 values and impose scenario-specific changes to the Gini-coefficient
at the country level. For individual countries, the Gini-coefficient will be stable from 2020 to 2040 within
each scenario, but population growth for countries will slightly change the global average Gini-coefficient
between 2020 and 2040.

Figure 34: Example of a log-normal distribution of income and how changes in per capita income,
the distribution of income, and the poverty line threshold alter the calculation and forecasts of the
percentage of population living in extreme poverty.
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Source: Authors’ elaboration.

Forecasting Undernourishment in IFs

IFs projections of the PoU follows methods used by FAO and USDA (FAO et al. 2020; Baquedano et al.
2020; Hasegawa et al. 2018), which assume a log-normal distribution of calories described by mean
caloric intake (CLPC) and the coefficient of variation (CV) to determine the proportion of a population
living under the minimum dietary energy requirement threshold (MDER). It very much resembles the
approach used to forecast poverty, with a mean level of calories per capita, a parameter describing the
distribution and a minimum threshold value.

While the FAO and USDA both follow a similar approach, they differ in their implementation in three
ways. First, FAO establishes a country-specific MDER, whereas USDA uses an average energy
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requirement set at a calorie target of 2,100 calories per capita per day (Baquedano et al. 2020, pp. 55-
56). Second, USDA holds the CV constant throughout the projection period, whereas FAO uses linear
interpolation and extrapolation (Baquedano et al. 2020; FAO et al. 2020). Finally, while USDA uses
income level as a proxy for minimum food consumption, FAO uses actual per capita dietary energy
supply from the food balance sheet.

In IFs, the PoU is initialized by data gathered from the World Bank’s World Development Indicators,
which actually get their data from FAO (FAO et al. 2020). The data covers |70 countries over 27 years.
Data for countries not covered in this series is supplemented with data from the United Nations
Statistics Division. For countries not covered in either dataset, IFs estimates initial values using a
statistical relationship with calories per capita.

Since the forecast logic of MALNPOP is analogous to the one used in the estimation and forecast of
poverty in IFs (see above for more information), the following sections will detail the data, initializations,
and projections of its driving variables.

Minimum Dietary Energy Requirement

The MDER for any given country is the cutoff point that FAO uses to determine undernourishment. It is
reported in kilocalories/day and is based on the weighted average of minimum energy requirements of
different age and sex groups. MDER data for the project came from the FAO’s Food Security Indicators
and covers 184 countries over 20 years. As Eritrea and Kosovo are not represented in this dataset, we
initialize them with data from Ethiopia and Serbia, respectively.

We forecast MDER with a 2nd degree polynomial function, using the median age of the population as the
sole independent variable.2s Differences between data and statistical estimates are preserved through
use of a multiplicative shift factor.

Z For information regarding the initialization and forecast of the median age of population, see https://pardee.du.edu/wiki/Population.
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Figure 35: Relationship between the median age of a population and MDER in 2017. The points
represent individual countries.
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Coefficient of Variation

The CV is a measure of the dispersion of the distribution of the caloric intake within the general
population. Higher CV values represent larger dispersion, or higher inequality in caloric intake. Thus, the
CV is like the Gini index of income inequality.

Orriginal data for the project was derived from the FAO’s Food Security Indicators covering 186
countries over 20 years. Where available, FAO calculates CV using national household survey data. It
relies on three approaches, depending on how accessible and reliable country-level survey data is. First,
FAO attempts to group average food expenditure by income class. Second, if expenditure data is not
available, FAO then turns to survey data distributed by household income, as measured by the Gini-
coefficient. Finally, if neither expenditure data nor survey Gini data is available, the third procedure is to
estimate CV from data on infant mortality. National household survey data is becoming increasingly
available, making the first and second procedures increasingly more likely.

FAO suggests significant uncertainty in the estimation of the PoU’s model parameters (including CV),
resulting in low precision in its estimates of PoU (FAO et al. 2020). These observations also became
clear and posed a significant challenge in the estimation and projections of undernourishment in IFs. In
addition, during the construction of the model and writing of this report, FAO ceased to publicly host
the dataset. For these reasons, we have decided to initialize the CV with an inferred value-based on data
on MDER, prevalence of undernourishment, and the assumed log-normal distribution of calories.
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The IFs model allows for an endogenous forecast of the coefficient of variation as well as an exogenous
forecast. The endogenous forecast is based on literature linking the coefficient of variation to differences
in economic development and accessibility, physical accessibility, and social equality (Iram and Butt 2004;
Headey and Alderman 2019; Hasegawa, Fujimori, Takahashi, et al. 2015). However, here we use the
same approach as with the Gini-coefficient and exogenous imposed CV values, depending on the
scenario.

Forecasting Child Stunting in IFs

Child stunting refers to children from zero to 59 months of age with a height-for-age ratio greater than
two standard deviations (<-2 SD) below the WHO Child Growth Standards median (FAO et al. 2020).
In IFs, child stunting is initialized using data from the World Development Indicators compiled by the
World Bank from officially recognized sources covering 147 countries over 36 years. For countries
without data, child stunting is initialized using initial year values of malnourished children.

A survey of the literature suggested that drivers of child stunting are associated with factors contributing
to undernourishment in children, such as disease spread, access to WATSAN, and caloric availability, as
well as with the position of mothers in the household, their education levels, access to health and
general use of vaccinations, and breastfeeding (Figure 36). Following the review, we undertook a
statistical exercise to determine an approximate model. The final model comprised two variables: |) the
percentage of children under the age of five who are underweight relative to their age, which is driven
by caloric intake and access to safe WATSAN, and 2) the secondary completion rate of females over the
age of |5. Often long-term forecasts need to simplify their approach, and here we ended up with three
basic indicators of caloric intake, access to WATSAN, and maternal education. These indicators are
drivers in themselves, but many of them are also likely to be associated with immediate drivers of
intergenerational transfer, breastfeeding practices, and access to health care facilities. Previous cross-
country analysis of long-term trends in child mortality and child stunting has highlighted the strong link
to maternal education (Vaivada et al. 2020; Bhutta et al. 2020; Gakidou et al. 2010; Balaj et al. 2021).
Thus, maternal education is a driver and considered as a proxy for the factors affecting mothers.

Forecasts of child undernutrition and child stunting are, unlike PoU, largely a result of the
underutilization of calories, often from diarrheal disease caused by poor sanitation and contaminated
water. In IFs, child undernutrition is forecast as a function of calories per capita (CLPC) and access to
safe water (WATSAFE), and improved sanitation (SANITATION) in the governance and infrastructure
models. Female secondary completion rate is estimated using the |IFs education model and is the result
of a system that tracks student flows through primary, lower, and upper secondary levels.2é Changes in
education, infrastructure, and caloric intake jointly drive the forecasts of child stunting at the country
level. The IFs model is one of the very few models capable of providing projections on child stunting,
with only one other model linking child stunting largely to economic and socioeconomic changes in
caloric intake (Lloyd et al. 2018), without accounting for other long-term drivers on WATSAN and
maternal education levels.

2 For more information on the IFs education model, see https://pardee.du.edu/wiki/Education.
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Figure 36: Example of conceptual framework from that links childhood stunting to its associated

immediate, underlying, and basic drivers.
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Appendix D - Sensitivity analysis on GDP growth rates and distributional effects

Figure 37 depicts the difference in the rise in extreme poverty, undernourishment, and child stunting
relative to a No-COVID scenario for GDP growth rates from IMF and World Bank. The results are
depicted for the Current Path scenario. Overall, the differences between the scenario forecasts in 2020
and 2040 are considerably smaller than the difference between the Current Path scenario and Unequal
Paths scenario. In 2020, World Bank GDP growth projections are slightly more optimistic than IMF,
resulting in a rise in extreme poverty of 9.8 million fewer people, a rise in undernourishment of 2.7
million fewer people, and equal rises in child stunting. A difference of nearly 10 million people in
extreme poverty is important but compared to the overall rise of nearly 100 million people, it is quite
small and falls well within the range of forecasts related to rises in poverty and undernourishment.

While the World Bank projects a smaller drop in average global GDP, it also projects a less pronounced
recovery in 2021 and 2022. A major difference is the projected recovery in India in 2021, dropping from
a projected 12.6 percent by IMF to 8.3 percent by World Bank because of the more recent outbreak of
COVID-19 in India and Southern Asia. Consequently, by 2040, projections on poverty,
undernourishment, and child stunting result in a higher rise with World Bank GDP growth numbers
compared to IMF GDP growth rates, relative to a No-COVID scenario. Like 2020, the difference between
the GDP growth scenarios is small compared to the overall change in each of these indicators. These
results show that the choice to use GDP growth rates from either IMF or World Bank is unlikely to
change the overall storyline and trends of how COVID-19 is affecting the future of food security.

Figure 37: Comparison between a scenario run with IMF GDP growth rates and World Bank GDP

growth rates for the effect of COVID-19 on extreme poverty, undernourishment, and child stunting
in 2020 and 2040.
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To further assess the importance of GDP growth rate assumptions and distributional effects, we ran a
set of additional scenarios with varying assumptions on GDP growth, Gini, and the coefficient of
variation (Figure 38). We use the Current Path scenario as the starting point, reducing GDP growth rates
by -0.5 percent, -1.0 percent, -1.5 percent, and -2.0 percent for all countries from 2020 to 2022. Note
that the -1.5 percent change is equivalent to that of the Unequal Paths scenario but excludes changes to
distribution, education, and government finances in the Unequal Paths scenario. For Gini and the
coefficient of variation, we change the Current Path scenario to assume no change from 2019 values, +0.5
percent, +1.5 percent, +2.0 percent change for all countries from 2020 out to 2040. Note that the +1.0
percent change in Gini and coefficient of variation is the actual setting in the Current Path scenario and
would have given the same result as depicted by the scenario. Overall, the changes in GDP and
distribution fall well within the uncertainty between the No-COVID and the two COVID-19 scenarios.
Moreover, as shown in the report, extreme poverty is more sensitive to changes in GDP relative to
undernourishment, because of opportunities to shift consumption patterns and diet. Undernourishment
is more sensitive to changes in distribution, relative to extreme poverty. Child stunting shows limited
change for all scenarios, including the sensitivity scenarios.

Figure 38: Uncertainty analysis on GDP growth rates (left panel) and changes in Gini and coefficient
of variation (right panel) relative to the Current Path scenario. Results are depicted for the global
outcomes of extreme poverty, undernourishment, and child stunting from 2017 to 2040.
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	b) Our understanding of the future impact of these risk factors is uncertain. COVID-19 and conflicts have been experienced recently, but conflict has been experienced throughout human history. Future patterns of both risk factors are difficult to predict. And while the effects of climate change are beginning to be felt, its most significant risks have yet to fully manifest. 
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	Future of socioeconomic development matters. COVID-19, climate change, and conflict will each manifest in unique ways, impacting food security and human development. But research shows that the future of human development—levels of economic growth, food availability, economic interdependence, and demographic change—will be more significant drivers of our ability to adapt to these challenges. 
	Conclusion 
	The analysis presented here suggests that COVID-19 has set back global progress toward eliminating extreme poverty, undernourishment, and child stunting. The world is projected to continue to make gradual progress in improving indicators and drivers of food security, but COVID-19 will slow down this progress. The effects primarily operate through reducing food access from lower household incomes and rising inequality in the distribution of caloric intake and income. Reduced access to safe water and sanitati
	The world is projected to continue to make progress in improving food security and human well-being, though that progress will be unevenly distributed. Many countries were not on track to meet international goals for improved food security, and COVID-19 has made reaching these goals even more ambitious. The pandemic further underscores the need to push for improving socioeconomic conditions, particularly in sub-Saharan Africa and Southern Asia. Projected progress toward the elimination of hunger will be mul
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	1. The future of food security in the wake of the COVID-19 pandemic 
	Every human being needs safe and affordable access to a diverse, nutritious diet. However, this is not a reality for over 690 million people globally, and in 2019, 21.3 percent of children suffered from stunting (Baquedano et al. 2020; FAO et al. 2020; UNICEF, WHO, and World Bank Group 2020). In this context, what will the progress on food security be by 2040, and how will COVID-19 affect food security in the long-term? This report uses scenarios to quantify changes in food security at the country level and
	Understanding the impacts of the COVID-19 pandemic on food security requires understanding the long-term trends and drivers of food security. Food security is a multidimensional concept deeply ingrained in agricultural production systems, international food trade, economic access to food, safe food preparation and utilization, access to safe water and sanitation, climate change, conflict, and land degradation (FAO et al. 2020; Hasegawa et al. 2018; Janssens et al. 2020b; Moyer et al. 2020; Mueller et al. 20
	Economic, environmental, and human security crises tend to worsen food security immediately, while also creating cascading effects across time (FAO 2009; Gates et al. 2012b; Hasegawa et al. 2018; Verwimp and Muñoz-Mora 2018; Vilar-Compte et al. 2015; Zhao et al. 2017). The COVID-19 pandemic is unlikely to be an exception. Initial estimates are that an additional 83 to 155 million people became at risk of hunger in 2020 (Baquedano et al. 2020; FAO et al. 2020) and there was increased risk of rising child und
	In this report, we use the International Futures (IFs) model to explore the future of global food security at the country level out to 2040. Specifically, we develop a set of scenarios to quantify the effect of COVID-19 on food security across indicators of extreme poverty ($1.90 per person per day), undernourishment, and child stunting. In Section 2 we provide the conceptual background for this study by defining food security and using literature to assess how COVID-19 is affecting food security in 2020 an
	and the effect of COVID-19 on these trends. In Section 5 we provide a deeper understanding of how COVID-19 is affecting drivers of food access, availability, and utilization. Lastly, in Section 6 we contextualize the results by comparing the pathways and magnitude of COVID-19 to the effects of climate change and conflict. Overall, this report provides a multidimensional overview of the future of food security and its underlying drivers out to 2040—and the extent to which COVID-19, conflict, and climate will
	2. Understanding food security and the impact of COVID-19 
	Purpose: This section provides the conceptual underpinning for studying food security. It focuses on how to define food security, how to measure it, and how to identify its long-term drivers. Special attention is given to the effects on food security of COVID-19, with the second part of the section focusing on how COVID-19 is affecting food security and its underlying drivers. This section provides the conceptual underpinning for the analysis and results presented later in the report. 
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	Purpose: This section provides the conceptual underpinning for studying food security. It focuses on how to define food security, how to measure it, and how to identify its long-term drivers. Special attention is given to the effects on food security of COVID-19, with the second part of the section focusing on how COVID-19 is affecting food security and its underlying drivers. This section provides the conceptual underpinning for the analysis and results presented later in the report. 




	2.1 What is food security and what are its drivers? 
	Food security is a multidimensional concept that includes food availability, food access, and food utilization. These three pillars of food security (Figure 2) are reflected in the definition from the Food and Agriculture Organization of the United Nations (FAO): 
	Food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life. (Word Food Summit 1996)  
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	Long-term changes in food security are determined by changes in trends in food availability, access, and utilization. 
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	Long-term changes in food security are determined by changes in trends in food availability, access, and utilization. 




	Food security in a given country also consists of three interconnected pillars. The first pillar, food supply or availability, consists of domestic production, food imports and exports, and food stocks. Policies aimed at improving food availability affect land under cultivation, agricultural management intensities, crop composition, and agricultural trade. The second pillar, food access, is the ability to access the food available, which can be hampered due to economic, physical, and social constraints. It 
	infants and young children, pregnant or lactating women, and sick or elderly household members (World Food Programme 2009). 
	Together, these three pillars shape food security over time, which is dynamic. Stability in food security occurs when there is adequate food availability, access, and utilization over time. Here, we focus primarily on the dimension of chronic long-term food insecurity. But food insecurity can also occur within and across years due to seasonal and transitory food insecurity (FAO 2008). Especially important is volatility, in relation to risks to food security through climate change, conflict, and now, COVID-1
	Figure 2: Conceptual framework for long-term assessments of food security, distinguishing between drivers of food availability, access, and utilization. 
	 
	Figure
	Note: The arrows in this figure depict feedback loops between the individual components. The conceptual framework focuses on long-term trends in food security and thus does not account for effects of climate change, conflict, and other factors to volatility in food production, prices, and other drivers. 
	Source: Authors’ elaboration.  
	The multidimensional nature of food security requires a host of measurement indicators. To better understand the writing and lens used throughout this report, it is important to define food security3, its indicators, and related terms (Box 1 – Indicators and definitions of food security). 
	3 Throughout the report, we distinguish between three related broad terms, namely food security, malnourishment, and undernourishment. Food security is closely related to malnourishment and undernourishment. Malnourishment generally occurs in the absence of sufficient, safe, and nutritious access to food. It pertains to both a state of deficient calories or nutrients and the excess intake of calories, which can lead to overweight and obesity. Undernourishment is a subcomponent of malnourishment, focused onl
	3 Throughout the report, we distinguish between three related broad terms, namely food security, malnourishment, and undernourishment. Food security is closely related to malnourishment and undernourishment. Malnourishment generally occurs in the absence of sufficient, safe, and nutritious access to food. It pertains to both a state of deficient calories or nutrients and the excess intake of calories, which can lead to overweight and obesity. Undernourishment is a subcomponent of malnourishment, focused onl

	  
	Box 1 – Indicators and definitions of food security. 
	Box 1 – Indicators and definitions of food security. 
	Food security can be quantified using a diverse set of underlying indicators. Here we primarily focus on population level indicators that can be projected over long-time horizons. While the indicators described below cover a range of interrelated food security issues, we acknowledge that food security is much broader and for example also relates to issues on child wasting, nutrient intake and dietary quality. To aid the reader, we specifically define each indicator below. 
	Extreme poverty: The population in a country living on less than $1.90 a day. Extreme poverty and food security are closely related, with low-income levels being a key determinant of population wide undernourishment and a core indicator of households’ ability to afford and access a sufficient, diverse, and healthy diet. In addition, strong connections between extreme poverty and other indicators of food security exist for child undernourishment, child stunting, child wasting, and micronutrient intake and di
	Prevalence of undernourishment: The population in a country not meeting the minimum daily energy requirement (Baquedano et al. 2020; FAO et al. 2020). Prevalence of undernourishment (PoU) relates to aspects of food availability (caloric availability) and economic and physical access to food and inequality therein (coefficient of variation). The indicator considers the available calories per capita and their distribution and a threshold value for the minimum dietary energy requirement, which is based on the 
	Child stunting: The population in a country under the age of 59 months with a low height-for-age ratio, more than two standard deviations (<-2 SD) below the WHO Child Growth Standards median (FAO et al. 2020). Child stunting is more prevalent than underweight children1, or child wasting1, and is often seen as a priority indicator in food security programs and research. Child wasting and underweight children can result in future child stunting, due to temporal lags from declines in food security (first waste
	Figure

	The drivers of food security are interconnected and relate to broader drivers of human development. The future of food security is not subject solely to improving agriculture, changing agricultural trade, raising household incomes, or fighting climate. Rather, it will be impacted by progress in broader human development. This requires careful balancing acts by policymakers because policies aimed at improving 
	one pillar can negatively affect others and unintentionally reduce food security.4 To manage those trade-offs, and to understand how they shape the long-term future of food security, we begin with a discussion of some core underlying drivers. 
	4 For an example of climate policies and food prices, see Hasegawa et al. 2018. 
	4 For an example of climate policies and food prices, see Hasegawa et al. 2018. 

	2.1.1 Availability 
	Drivers of food availability include land under cultivation, yields, and international patterns of trade. Land is a scarce resource, and a large share of suitable land for agriculture is already under cultivation. Growing, and more affluent, populations who have concerns about climate change, land degradation, and biodiversity will increase demand for land. As those demands change, land will increasingly be a limited resource of competition, and demands for sustainable land management, climate change mitiga
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	Food availability is affected by shifts in agricultural production and trade, through changes in land under cultivation, yields, and international patterns of food trade. 
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	Food availability is affected by shifts in agricultural production and trade, through changes in land under cultivation, yields, and international patterns of food trade. 




	Agricultural production can also be expanded through further crop intensification and techniques that lead to higher yields. The potential for doing so varies greatly across regions of the world. In Europe, North America, and increasingly China and other Asian countries, yields are projected to reach biophysical maximums. In other areas, such as sub-Saharan Africa, there is considerable room for yield improvements through adoption of optimal management techniques of crop, land, and water (van Ittersum et al
	A third important driver of food availability relates to international agricultural trade. Today, many food insecure countries are net importers of food, and the import dependency of many countries in sub-Saharan Africa is expected to rise considerably over the next three decades (Sulser et al. 2015; van Ittersum et al. 2016; OECD and FAO 2020; Hedden et al. 2016). Changes in trade patterns not only drive overall availability but are linked to changes in food prices and economic access to food. For example,
	Food availability at the country level will be driven by changes in land use and quality, yields, and international trade. The main trends are highly region-dependent, with some world regions reaching land and yield maxima, while others still have significant room for increasing domestic production. However, 
	environmental concerns about climate change and biodiversity may further strain the ability of countries to expand domestic production (Hasegawa et al. 2018; Beckmann et al. 2019; Phalan et al. 2011). Eradicating hunger and meeting the increasing food requirements of growing and generally more affluent populations, while minimizing harm to climate change and biodiversity, is a difficult balance to strike and one that will determine the future of both food security and global environmental change. 
	2.1.2 Access 
	Food access is driven primarily by economic factors, in combination with social and physical access to food. In studies projecting mid-21st century food security, much attention has been given to the importance of agricultural production, but recent studies have determined that in fact, future food security is likely to be primarily driven by food accessibility (van Meijl et al. 2020; Hasegawa et al. 2018; Janssens et al. 2020a). For example, a recent study shows that climate change mitigation can have a ne
	The two main determinants of food access are general population level access to calories and the distribution of calories5 within a population. Increases in access to calories, often measured as calories per capita, are driven by economic growth and population dynamics. A second important driver relates to the distribution of calories within a country, consisting of economic inequality but also social and physical inequality. Economic inequality is a direct driver of poverty and, in the long run, may be fue
	5 Here distribution of calories is an indicator of food access, reflecting the deviation from the mean caloric intake for individuals in the population. Distribution of calories thus has primarily to do with differences in economic purchasing power, and not with the physical distribution and transport of food through trade and markets.  
	5 Here distribution of calories is an indicator of food access, reflecting the deviation from the mean caloric intake for individuals in the population. Distribution of calories thus has primarily to do with differences in economic purchasing power, and not with the physical distribution and transport of food through trade and markets.  
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	Food access is determined by changes in economic, physical, and social access to food, primarily from changes in household income and inequality in access to food. 
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	Food access is determined by changes in economic, physical, and social access to food, primarily from changes in household income and inequality in access to food. 




	Social inequality is a broad and diverse issue with varied dynamics surrounding the distribution of goods and burden within a society. In this report we focus on the impact of social inequality on food security for females and children. Females and younger children are at greater risk of having poorer access to food than other members of their households. Lower female labor participation can reduce within-household bargaining power regarding the type of food purchased. In many parts of the world, women are 
	Urbanization is another component of physical access to food and has a mixed effect on food security. On the one hand, urbanization may increase physical access to food through infrastructure development and increased market access. On the other hand, low-income and urban populations are more likely to purchase, rather than produce, food and are more susceptible to changes in food prices (Szabo 2016). Access in terms of quantity, diversity, and quality of food can significantly differ across urban and rural
	Overall, changes in food prices, household income, and inequality in access are likely to be the strongest drivers of future food security. In recent years, this relationship has become more complex because rising income levels and decreasing poverty numbers have been met by increased levels of undernourishment, explained by rises in conflict around the globe (FAO et al. 2020). Whether this interruption of the trend between lowering poverty and rising undernourishment is temporary or a “new normal” is an op
	2.1.3 Utilization 
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	Food utilization is connected to all indicators of food security, but is especially important for child undernourishment, child stunting, and child wasting. 
	Food utilization is connected to all indicators of food security, but is especially important for child undernourishment, child stunting, and child wasting. 
	Food utilization is connected to all indicators of food security, but is especially important for child undernourishment, child stunting, and child wasting. 




	Drivers of food utilization are manifold and complex, but generally include characteristics of a safe household environment and general trends in access to safe water, sanitation, parental education levels, and access to health care. Though food utilization is connected to all forms of undernourishment, it is an especially significant driver of food security for children. Food utilization is connected to access to safe water, sanitation and hygiene (WASH6) and the prevalence of communicable diseases, such a
	6 Child undernourishment is related to access to safe water, sanitation and hygiene (WASH). The latter is difficult to forecast over longer time frames, and therefore we primarily focus our analysis on access to WATSAN. The terms are used interchangeably throughout the report. 
	6 Child undernourishment is related to access to safe water, sanitation and hygiene (WASH). The latter is difficult to forecast over longer time frames, and therefore we primarily focus our analysis on access to WATSAN. The terms are used interchangeably throughout the report. 
	7 See Moyer and Hedden 2020; Moyer et al. 2020 for some notable exceptions. 

	In general, aspects of food utilization have received less focus in long-term studies of food security. Indicators primarily center on PoU without quantifying trends in child undernourishment, wasting, and stunting.7 
	Many drivers fall outside the traditional set of economic, food system, and biophysical drivers used in food security studies and can only be addressed through exogenous scenario assumptions or through a model framework that specifically integrates aspects of broader human development into a food security framework. We will use such an integrated modeling 
	framework to explore these questions. Not accounting for food utilization and child food security paints an incomplete picture of the future of food security and the policy responses available at the global and national levels. 
	2.1.4 Dynamics 
	Trends in availability, access, and utilization do not operate in isolation. Figure 2 highlights some important interconnections between these systems. For instance, agricultural production and trade interact with food prices and household income. Similarly, household income interacts with maternal health and education. More importantly, a wider set of drivers of economic, human, and environmental development interact with the three pillars of food security. For example, economic growth and demographic tran
	Environmental changes and interactions within environmental systems also directly impact food security. Chief among these are changes in climate and trends in land degradation, which directly affect food availability, especially in the most vulnerable regions of the world. For example, both land degradation and climate change are expected to have a strong negative effect on food production in sub-Saharan Africa, the Middle East and North Africa and South Asia (Esch et al. 2017; Tai, Martin, and Heald 2014; 
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	In this report we quantify long-term trends in food security through extreme poverty, prevalence of undernourishment, and child stunting. 
	In this report we quantify long-term trends in food security through extreme poverty, prevalence of undernourishment, and child stunting. 
	In this report we quantify long-term trends in food security through extreme poverty, prevalence of undernourishment, and child stunting. 




	Because food security is a multidimensional concept, it must be measured using various indicators. We focus primarily on three core indicators of extreme poverty, the PoU, and child stunting. These indicators were selected using three basic criteria: relevance to the goals and mission of USAID, data availability across countries and time, and the possibility of projecting these indicators over longer time frames. This excludes indicators of food security related to dietary quality and micronutrient intake (
	Because food security is a multidimensional concept, it must be measured using various indicators. We focus primarily on three core indicators of extreme poverty, the PoU, and child stunting. These indicators were selected using three basic criteria: relevance to the goals and mission of USAID, data availability across countries and time, and the possibility of projecting these indicators over longer time frames. This excludes indicators of food security related to dietary quality and micronutrient intake (
	Box 3: COVID-19 and dietary quality
	Box 3: COVID-19 and dietary quality

	). While more data is becoming available on these indicators, these data series are still relatively scarce in country and time coverage, and there are very few studies that have attempted to forecast dietary quality over time. 

	The PoU is a core indicator used in academic publications and policy reports focused on long-term projections of food security, relating food security primarily to issues of food availability and access (FAO et al. 2020; Baquedano et al. 2020; Hasegawa et al. 2018). It also allows for comparisons of the findings in this report to others.   
	Child stunting is commonly used as a proxy for chronic food insecurity as it reflects an environment that is inadequate for child growth. It has received the most attention in food security programs and academic literature (Onis and Branca 2016; Lloyd et al. 2018; UNICEF, WHO, and World Bank Group 2020; Vaivada, et al. 2020)). Child stunting is correlated with negative future effects on education performance, household income, work capacity, and intergenerational health. In girls, child stunting is linked t
	8 In recent years the forward effects of child stunting have been contested, with authors arguing that forward effects of stunting on economic growth operate through a deficient household environment, which is strongly correlated to childhood stunting, but not through childhood stunting per se (Leroy and Frongillo 2019). As such we talk about child stunting being indicative, not necessarily a pure driver, of long-term development effects. The IFs model does include a forward link of childhood stunting to re
	8 In recent years the forward effects of child stunting have been contested, with authors arguing that forward effects of stunting on economic growth operate through a deficient household environment, which is strongly correlated to childhood stunting, but not through childhood stunting per se (Leroy and Frongillo 2019). As such we talk about child stunting being indicative, not necessarily a pure driver, of long-term development effects. The IFs model does include a forward link of childhood stunting to re

	Together these three indicators span the different dimensions of food security. Extreme poverty is linked mostly to the distribution of household incomes and food access. The PoU is primarily determined by a combination of agricultural availability and food access. Child stunting is mostly determined by a combination of food utilization and caloric intake. 
	The three indicators reflect a multidimensional definition of food security that covers aspects of availability, access, and utilization (Figure 3). Given our focus on the long term, we exclude indicators of food security related to quality and nutrient deficiencies. While relevant to understanding the future of food security, there is currently a lack of understanding of long-term trends and drivers of nutrient deficiencies as they relate to food security. Therefore, this report focuses on long-term projec
	Figure 3: Stylized representation of how the food security indicators, and their respective components, map to the dimensions of food access, food availability and food utilization.  
	Figure
	Source: Authors’ elaboration. 
	Extreme poverty is linked mostly to food access, and undernourishment is mainly linked to food availability and access, whereas child stunting is mainly linked to utilization and access. These three outcome indicators span the multiple dimensions of food security. 
	2.3 How does COVID-19 affect drivers of food security in 2020 and beyond? 
	The spread of the SARS-CoV-2 coronavirus which causes COVID-19 has disrupted human lives and health systems, and policy responses to curb its spread have had broad effects on economic, socioeconomic, and human development. The pandemic and policy responses to it are affecting all components of food security: availability, access, and utilization. However, the extent to which these components change, and the durability of these effects is not uniform (
	The spread of the SARS-CoV-2 coronavirus which causes COVID-19 has disrupted human lives and health systems, and policy responses to curb its spread have had broad effects on economic, socioeconomic, and human development. The pandemic and policy responses to it are affecting all components of food security: availability, access, and utilization. However, the extent to which these components change, and the durability of these effects is not uniform (
	Table 1
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	). It is therefore helpful to distinguish between the immediate and long-term effects of COVID-19 on food security. From empirical evidence and policy reports, we conclude that COVID-19 is primarily affecting food access, both direct and in the long-term. The effects of food availability from COVID-19 are mostly temporary, whereas effects of food access and utilization tend to persist. 

	2.3.1 Immediate effects of COVID-19 on food access 
	The dominant pathway through which COVID-19 is affecting food security is in reducing access to food (Laborde et al. 2020). Access to food is affected physically by lockdowns and worker illness, but more importantly through economic declines from reduced household income. Country-level GDP growth declined in 2020, and while recovery is expected in 2021, neither GDP, GDP per capita nor household income are expected to fully recover in most countries. Countries already experiencing food insecurity have experi
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	The primary direct effect of the COVID-19 pandemic on food security is a change in access to food, through shifting patterns of economic growth, household income, food prices, and inequality in income and calories within populations. 
	The primary direct effect of the COVID-19 pandemic on food security is a change in access to food, through shifting patterns of economic growth, household income, food prices, and inequality in income and calories within populations. 
	The primary direct effect of the COVID-19 pandemic on food security is a change in access to food, through shifting patterns of economic growth, household income, food prices, and inequality in income and calories within populations. 




	Along with reduced spending opportunities from declining household budgets, access to food is also affected by short-term changes in food prices. Since January 2020, global food prices have risen by 38 percent, with maize prices up 80 percent and wheat prices up 28 percent (World Bank 2021a). This heightens the risk of declines in food security for poor to near-poor households, resulting in reductions in both quantity and quality of nutrition (Akseer, Kandru, et al. 2020; Laborde et al. 2020). For instance,
	9 Starting in June 2019 and continuing into 2020, a desert locust outbreak reduced crop production from Eastern Africa and the Horn of Africa (South Sudan) to as far west as India. The epicenter of the outbreak was in Eastern African and the Horn as well as Arabian Peninsula (Yemen, Saudi Arabia). 
	9 Starting in June 2019 and continuing into 2020, a desert locust outbreak reduced crop production from Eastern Africa and the Horn of Africa (South Sudan) to as far west as India. The epicenter of the outbreak was in Eastern African and the Horn as well as Arabian Peninsula (Yemen, Saudi Arabia). 

	and rising conflict (World Food Programme 2020c). In Nigeria, price increases of major food crops affected a majority of households in 2020, according to a broad-based survey (World Bank 2020d), However, COVID-19-induced changes to food prices are unlikely to persist after the pandemic is over. 
	The effects of COVID-19 on economic growth, household income, and income distribution directly impact poverty and undernourishment. The global economy contracted an estimated 3.3 percent in 2020, but is expected to pick up in the next two years, with growth of 6 percent and 4.4 percent projected in 2021 and 2022, respectively (IMF 2021b). This recovery is expected to be uneven, with advanced economies such as the United States seeing stronger growth than low and middle-income countries exacerbating global i
	Lockdowns, job losses, decreased remittances, and illness have resulted in lost household income, with a direct impact on poverty. Some countries have been able to contain the impacts of the pandemic on household incomes through government aid such as social transfers, stimulus, and paycheck protection programs (World Bank 2021b), but low and middle-income countries generally had fewer financial resources and smaller government capacity to effectively offer such programs. Recorded remittances to low- and mi
	2.3.2 Immediate effects of COVID-19 on food availability and utilization 
	The COVID-19 pandemic is having limited effects on food availability and on production, and its impacts appear to be lower compared to previous pandemics (Laborde et al. 2020). In low-income countries the 
	agricultural system is often labor-intensive. This poses some additional risks to agricultural production as a result of social distancing measures as well as exposure to COVID-19.  (Laborde et al. 2020). But there is strong variation across countries in implementation of and adherence to social distancing measures. Preliminary evidence suggests that COVID-19 is having a stronger negative effect on labor-intensive supply chains and then on agricultural production, more strongly affecting low-income countrie
	While low-income countries will be more affected by the pandemic, the impact across them varies greatly. For example, in Senegal, modern supply chains of large-scale fruit and vegetable companies were less affected than traditional supply chains dependent on small producers (Van Hoyweghen et al. 2021). School closures are limiting food availability but, more directly, food access for many children (Akseer, Kandru, et al. 2020; Laborde et al. 2020). And COVID-19 has spread rapidly in many food processing fac
	A third avenue by which COVID-19 is affecting food availability is through disruptions in international trade. Such restrictions can limit the availability of food in food-import-dependent countries, increasing food prices and reducing access to food. Between March and July 2020, 21 countries imposed trade restrictions, representing about 4 percent of global food trade (International Trade Centre 2020). However, today almost all countries have lifted these restrictions. While international trade saw a downt
	Physical restrictions imposed by lockdowns have reduced peoples’ access to WATSAN infrastructure (Akseer, Kandru, et al. 2020). This poses a threat to the safe and clean processing of food and could further reduce utilization. However, the extent of the reduced access is unclear, and is likely to be temporary. In fact, some governments have invested in improving access to WATSAN systems as a means to combat the COVID-19 pandemic (Serrano and Torres 2020; World Bank 2020b). This could result in long-term ben
	COVID-19 is also shifting diets away from nutrient-dense foods such as vegetables, meat, and dairy toward staple foods such as maize, rice, and other grains (Laborde, Martin, and Vos 2021). As noted previously, there is empirical evidence in central Myanmar that income loss due to COVID-19 reduced nutritious food consumption of meat and fish (Ragasa et al. 2021). These effects are mostly indirect, occurring when increases in food prices and reductions in household income affect overall dietary quality. 
	2.3.3 Estimates of immediate effects of COVID-19 on food security 
	The short-term effects of COVID-19 on food security have been severe and operate primarily through impacts on food access, with smaller and mostly temporary effects on availability and utilization. Several nowcasting attempts have projected that COVID-19 will have driven down food security in 2020, with estimates ranging from 83 to 155 million additional food insecure people (Baquedano et al. 2020; FAO et al. 2020; WFP 2020; Laborde, Martin, and Vos 2021; Food Security Information Network and Global Network
	Table 1: Emerging evidence from the literature on the immediate and long-term effects of COVID-19 on food security. 
	Mechanism 
	Mechanism 
	Mechanism 
	Mechanism 
	Mechanism 

	 
	 

	Citations 
	Citations 


	Short-term Effects 
	Short-term Effects 
	Short-term Effects 



	Food production, supply chains 
	Food production, supply chains 
	Food production, supply chains 
	Food production, supply chains 

	Availability: Reduced labor, physical lockdowns, disrupted supply chains, and COVID-19 outbreaks in food processing facilities risked bringing down agricultural production. But government prioritization of food production has minimized this effect.  
	Availability: Reduced labor, physical lockdowns, disrupted supply chains, and COVID-19 outbreaks in food processing facilities risked bringing down agricultural production. But government prioritization of food production has minimized this effect.  

	(Laborde et al. 2020; Laborde, Martin, and Vos 2021; Akseer, Kandru, et al. 2020) 
	(Laborde et al. 2020; Laborde, Martin, and Vos 2021; Akseer, Kandru, et al. 2020) 


	Trade 
	Trade 
	Trade 

	Availability: International trade restrictions on food were put in place but have been mostly lifted. While trade has taken a hit, agricultural trade has been mostly unaffected. 
	Availability: International trade restrictions on food were put in place but have been mostly lifted. While trade has taken a hit, agricultural trade has been mostly unaffected. 

	(International Trade Centre 2020; WTO 2021) 
	(International Trade Centre 2020; WTO 2021) 


	Disrupted supply chains 
	Disrupted supply chains 
	Disrupted supply chains 

	Availability/Access: Physical lockdowns and international travel restrictions risked disrupting supply chains, but effective government measures on prioritization of food have limited these effects. 
	Availability/Access: Physical lockdowns and international travel restrictions risked disrupting supply chains, but effective government measures on prioritization of food have limited these effects. 

	(International Trade Centre 2020; Laborde et al. 2020) 
	(International Trade Centre 2020; Laborde et al. 2020) 


	Food prices 
	Food prices 
	Food prices 

	Access: Food prices for many staple foods have increased because of COVID-19, trade restrictions, rising conflict, and the locust outbreak. 
	Access: Food prices for many staple foods have increased because of COVID-19, trade restrictions, rising conflict, and the locust outbreak. 

	(World Food Programme 2020a; Abate, Brauw, and Hirvonen 2020; World Bank 2021a; Laborde, Martin, and Vos 2021) 
	(World Food Programme 2020a; Abate, Brauw, and Hirvonen 2020; World Bank 2021a; Laborde, Martin, and Vos 2021) 




	Mechanism 
	Mechanism 
	Mechanism 
	Mechanism 
	Mechanism 

	 
	 

	Citations 
	Citations 



	Household income 
	Household income 
	Household income 
	Household income 

	Access: The economic contraction, reduced remittances, and physical lockdown have reduced household income. The consumption of food has been less affected because of reduced savings, but only for those who had the ability to save prior to the pandemic.  
	Access: The economic contraction, reduced remittances, and physical lockdown have reduced household income. The consumption of food has been less affected because of reduced savings, but only for those who had the ability to save prior to the pandemic.  

	(Laborde, Martin, and Vos 2021; Abate, Brauw, and Hirvonen 2020) 
	(Laborde, Martin, and Vos 2021; Abate, Brauw, and Hirvonen 2020) 


	Inequality 
	Inequality 
	Inequality 

	Access/Inequality: The short-term distributional effects of COVID-19 are largely unknown, with conflicting evidence on groups most strongly affected by household income and rural and urban differences in impact.  
	Access/Inequality: The short-term distributional effects of COVID-19 are largely unknown, with conflicting evidence on groups most strongly affected by household income and rural and urban differences in impact.  

	(Kharas and Hamel 2020; Mahler et al. 2021) 
	(Kharas and Hamel 2020; Mahler et al. 2021) 


	School closures 
	School closures 
	School closures 

	Access: School closures affect education, as well as access to food from school meals. 
	Access: School closures affect education, as well as access to food from school meals. 
	Utilization: Limited access to school meals has the potential to limit dietary diversity and safe food processing for children in the poorer households. 

	(Akseer, Kandru, et al. 2020; Kaffenberger 2021; UNESCO 2020; 2021) 
	(Akseer, Kandru, et al. 2020; Kaffenberger 2021; UNESCO 2020; 2021) 


	Dietary shifts 
	Dietary shifts 
	Dietary shifts 

	Utilization: Changing household income and food prices are projected to result in a shift away from meat, dairy, and vegetables toward staple crops. This is a coping mechanism for households.  
	Utilization: Changing household income and food prices are projected to result in a shift away from meat, dairy, and vegetables toward staple crops. This is a coping mechanism for households.  

	(Laborde, Martin, and Vos 2021) 
	(Laborde, Martin, and Vos 2021) 


	WATSAN 
	WATSAN 
	WATSAN 

	Utilization: Mixed evidence. Lockdowns reduced physical access to WATSAN, but the COVID-19 pandemic has also resulted in increased spending on WATSAN infrastructure. 
	Utilization: Mixed evidence. Lockdowns reduced physical access to WATSAN, but the COVID-19 pandemic has also resulted in increased spending on WATSAN infrastructure. 

	(Akseer, Kandru, et al. 2020; Serrano and Torres 2020; The World Bank Group 2020) 
	(Akseer, Kandru, et al. 2020; Serrano and Torres 2020; The World Bank Group 2020) 


	Long-term Effects 
	Long-term Effects 
	Long-term Effects 


	Economic growth 
	Economic growth 
	Economic growth 

	Availability: Reduced economic growth could reduce agricultural investment, especially for productivity-enhancing investments. 
	Availability: Reduced economic growth could reduce agricultural investment, especially for productivity-enhancing investments. 
	Access: Reduced economic growth is coupled with reduced household income, driving up poverty and reducing access to food. 
	Utilization: Reduced investment in education, WATSAN, and health systems.  

	(World Bank 2021c; Baquedano et al. 2020; FAO et al. 2020) 
	(World Bank 2021c; Baquedano et al. 2020; FAO et al. 2020) 


	Inequality 
	Inequality 
	Inequality 

	Access/Utilization: Long-term unemployment and reduced education are expected to increase inequality because of COVID-19. 
	Access/Utilization: Long-term unemployment and reduced education are expected to increase inequality because of COVID-19. 

	(World Bank 2021c; Fuentes and Moder 2021) 
	(World Bank 2021c; Fuentes and Moder 2021) 


	Education 
	Education 
	Education 

	Utilization: Temporary school closures tend to result in long-term learning losses, higher school dropouts, and long-term losses to human capital. Furthermore, reduced household income may lower education intake. 
	Utilization: Temporary school closures tend to result in long-term learning losses, higher school dropouts, and long-term losses to human capital. Furthermore, reduced household income may lower education intake. 
	Access: Lower education has long-term feedbacks to human capital, economic growth, and inequality. 

	(Kaffenberger 2021; World Bank 2021c) 
	(Kaffenberger 2021; World Bank 2021c) 


	Government debt 
	Government debt 
	Government debt 

	Government debt is rising, with anticipated disproportionate impacts on government finances in countries at high risk of debt sustainability. 
	Government debt is rising, with anticipated disproportionate impacts on government finances in countries at high risk of debt sustainability. 
	Availability: Reduced investments in agriculture. 

	(IMF 2021a; 2021b; IMF and World Bank 2021) 
	(IMF 2021a; 2021b; IMF and World Bank 2021) 




	Mechanism 
	Mechanism 
	Mechanism 
	Mechanism 
	Mechanism 

	 
	 

	Citations 
	Citations 
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	Access/Inequality: Reduced spending on social welfare and education, with feedbacks to inequality. 
	Access/Inequality: Reduced spending on social welfare and education, with feedbacks to inequality. 
	Utilization: Reduced government spending on education, health, and WATSAN, with potential feedbacks to education, economic growth, and inequality. 




	2.3.4 Estimates of long-term effects of COVID-19 on food security 
	Understanding the effects of COVID-19 on long-term food security presents a challenge. Historically, data on food security is gathered through household surveys, but physical-distancing measures and lockdowns mean that much information on the effects of the pandemic on food security in 2020 are model-based estimates. Long-term projections of the impact of COVID-19 on food security have mostly looked out to 2030, modeling the impact through projected reductions in GDP, reflecting the consensus that economic 
	More broadly, long-term projections show that COVID-19 threatens achievement of social development goals, with a set of scenarios projecting global increases in extreme poverty (+0.8 to +2.5 percentage points) and undernourishment (+14 million to +45 million people) by 2030 and beyond, coupled with rises in gender inequality and reduced access to safe water and educational attainment (Hughes et al. 2021). Reports have also looked at heightened risks of increased child mortality over the next decade as a con
	2.3.5 Long-term effects of COVID-19 on drivers of food security 
	The long-term effects of COVID-19 will likely be broad and encompass many systems critical for human development and food security. Most long-term effects are driven by broad changes in development trends that have forward impacts on food availability, access, and utilization. The links between these effects and food security may sometimes appear indirect, but these longer-term changes can be important determinants of the level of food security that can be projected in a post-COVID-19 world. For example, ch
	COVID-19 and economic growth. The pandemic and the policy responses to curb the spread of the virus have resulted in a global, strong, but unequal economic downturn. The continued spread of the virus and the uneven distribution of vaccines will result in a global but uneven economic recovery (IMF 2021b) that risks further aggravating existing differences in socioeconomic and human development (Verhagen et al. 2021). Even as economies recover, there is concern that economic growth will be negatively impacted
	The first pathway is through investment. A smaller economy and downward demand, driven by lower household incomes, makes some capital obsolete. This will be particularly relevant for certain sectors. For example, long-term reduced use of office spaces will reduce profits for leasing and cleaning companies. Together with a uncertain recovery and hesitancy to invest, this may result in a structural downturn of investment, especially among the most innovative investments (World Bank 2021c). More directly for f
	Similarly, labor is another pathway through which COVID-19 affects long-term economic growth. The duration of the pandemic and associated rises in unemployment may increase the risk of long-term unemployment. Again, this effect is unlikely to be evenly distributed, primarily affecting certain sectors with limited availability to work from home (IMF 2021b). Another long-term labor effect is through education. Reductions in education today will result in a lower skilled labor force in the future, and if no co
	Together, reductions in investment in capital, in the  labor force, and in capital and labor productivity could have prolonged downward effects on economic growth (Fuentes and Moder 2021; World Bank 2021c). Initial estimates, based on a comparison across previous pandemics, suggest a long-term reduction in labor, capital, and total factor productivity five years from now (Fuentes and Moder 2021). More generally, downturns in economic growth and GDP per capita are projected to force down the ability of house
	COVID-19 and government finances. Another pathway through which COVID-19 may have long-term scarring effects is through its impacts on government finances and debt. Government investments in health and measures to limit the economic fallout from the pandemic have resulted in significant increases in government indebtedness. At the global level, on average, fiscal deficits widened by 14.1 percent points of GDP in 2020 and an additional 2 percent was expected  by 2021 (IMF 2021a; 2021b). This increase in gove
	There is much debate over the forward effects of rising government debt on economic growth, especially following the financial crisis of 2008 – 2009 (Caner, Grennes, and Koehler-Greib 2010; Herndon, Ash, and Pollin 2014; Reinhart and Rogoff 2010; 2011). Less contested is the notion that in the future, governments will need to realign their revenues and expenditures. This could come at a cost to 
	government investment in health, education, WATSAN, agriculture, and the social welfare system, with long-term consequences for food utilization and food security in general. 
	COVID-19 and education. A third pathway through which the pandemic is likely to have impacts in the long term is education. Education will be simultaneously affected by reduced government spending and contracted household incomes, but also more directly through school closures. School closures are resulting in learning losses across the globe, with a disproportionate impact on girls (UNESCO 2020; World Bank 2020c). After restrictions cease, there is considerable risk the economic downturn will result in add
	COVID-19 and rising inequality. There is much uncertainty about the effect of COVID-19 on inequality. Initial household surveys show contrasting evidence. Rising food prices often negatively affect the poorest, who spend the greatest share of their limited incomes on food.  But income shocks have also been shown to most impact middle-income households (World Bank 2020d). As a result, assessments of the impact of COVID-19 on poverty have either used a distribution neutral assumption or various assumptions ab
	In the long term, the downturn in economic growth, the reduction in educational attainment, reduced government spending and government benefits, growth in long-term unemployment, and disproportionate effects on females and youth tied to the pandemic are expected to further increase inequality (Fuentes and Moder 2021; World Bank 2021c). Although underlying data and analysis are contested, analyses show that previous pandemics have resulted in a rise in inequality, primarily driven by changes in economic grow
	In conclusion, we have identified a set of potential pathways through which COVID-19 can affect long-term food security. While economic growth and inequality primarily operate through a food accessibility pathway, additional secondary effects are expected for food availability and utilization. Thus, COVID-19 is affecting a wide array of underlying drivers of food security in the long run. Many immediate effects are short lived, with anticipated minimal effects on trade, or physical lockdowns restricting acc
	development for decades to come. In the next section, we build on these insights to construct scenarios describing alternative development pathways for food security with and without COVID-19. 
	 
	3. Scenario framework for assessing the future of food security 
	3.1 Scenario framework 
	We use scenario analysis to explore the potential impact of COVID-19 on future food security, representing COVID-19 through a set of shock effects in 2020–2022, and focusing on those shocks likely to result in longer-term economic and human development downturns. We develop three scenarios: one counterfactual that represents a world without COVID-19, and two that represent a world in which COVID-19 has negative long-term consequences on socioeconomic and human development: 
	• The No-COVID scenario is a counterfactual scenario used to assess the effect of COVID-19 on food security. It represents a world in which COVID-19 did not occur and follows our best understanding of the development trajectory of individual countries prior to COVID-19. 
	• The No-COVID scenario is a counterfactual scenario used to assess the effect of COVID-19 on food security. It represents a world in which COVID-19 did not occur and follows our best understanding of the development trajectory of individual countries prior to COVID-19. 
	• The No-COVID scenario is a counterfactual scenario used to assess the effect of COVID-19 on food security. It represents a world in which COVID-19 did not occur and follows our best understanding of the development trajectory of individual countries prior to COVID-19. 

	• The COVID-19 Current Path scenario is a baseline scenario representing a world in which current COVID-19 trends continue, making use of emerging data series and other scenario forecasts on the impacts of COVID-19. In this scenario, vaccine rollout is effective against multiple strains of the virus, slowly limiting COVID-19 related deaths in 2021 and 2022 and the economic consequences of lockdowns. Economic growth follows most recent projections, with a strong bounce back in 2021 and 2022, and trade largel
	• The COVID-19 Current Path scenario is a baseline scenario representing a world in which current COVID-19 trends continue, making use of emerging data series and other scenario forecasts on the impacts of COVID-19. In this scenario, vaccine rollout is effective against multiple strains of the virus, slowly limiting COVID-19 related deaths in 2021 and 2022 and the economic consequences of lockdowns. Economic growth follows most recent projections, with a strong bounce back in 2021 and 2022, and trade largel

	• The COVID-19 Unequal Paths scenario is a downward scenario representing a world in which the struggle with COVID-19 continues, and long-lasting scarring effects primarily fall on the most vulnerable countries. In this scenario, vaccine rollout is slow outside of high-income countries, resulting in continued deaths and the emergence of virus variants in many low-income and emerging economies, with downward projections for economic growth and recovery from 202010 to 2022. Inequality rises further, especiall
	• The COVID-19 Unequal Paths scenario is a downward scenario representing a world in which the struggle with COVID-19 continues, and long-lasting scarring effects primarily fall on the most vulnerable countries. In this scenario, vaccine rollout is slow outside of high-income countries, resulting in continued deaths and the emergence of virus variants in many low-income and emerging economies, with downward projections for economic growth and recovery from 202010 to 2022. Inequality rises further, especiall


	10 Growth rates for 2020 are increasingly being based on data, rather than estimated growth projections. Still, we opted for changing the growth rates given that still much is unknown about effects of the pandemic in 2020 and growth rates vary considerably between different agencies, even for 2020.  
	10 Growth rates for 2020 are increasingly being based on data, rather than estimated growth projections. Still, we opted for changing the growth rates given that still much is unknown about effects of the pandemic in 2020 and growth rates vary considerably between different agencies, even for 2020.  

	in larger permanent downturns in education quality and increasing numbers of dropouts, especially among females and regarding tertiary education. Government debt reaches unsustainable levels in countries with already elevated debt, resulting in negative effects on economic growth and increased pressure on government spending on education, health, WASH, and welfare payments. This scenario sketches a world in which existing vulnerabilities are further aggravated by the pandemic, resulting in additional long-l
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	in larger permanent downturns in education quality and increasing numbers of dropouts, especially among females and regarding tertiary education. Government debt reaches unsustainable levels in countries with already elevated debt, resulting in negative effects on economic growth and increased pressure on government spending on education, health, WASH, and welfare payments. This scenario sketches a world in which existing vulnerabilities are further aggravated by the pandemic, resulting in additional long-l
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	We develop two COVID-19 scenarios tracking the effects of the pandemic on economic growth, rising inequality, government finances, and education loss. We also develop one No-COVID-19 counterfactual scenario. 
	We develop two COVID-19 scenarios tracking the effects of the pandemic on economic growth, rising inequality, government finances, and education loss. We also develop one No-COVID-19 counterfactual scenario. 
	We develop two COVID-19 scenarios tracking the effects of the pandemic on economic growth, rising inequality, government finances, and education loss. We also develop one No-COVID-19 counterfactual scenario. 




	The above scenarios aim to sketch contrasting and diverging worlds with different development trajectories and consequences for drivers and indicators of food security at national, regional, and global levels. However, these scenarios are not capable of capturing the full range of uncertainty associated with the direct and long-term impacts of COVID-19. Nor do they sketch worlds in which policymakers actively try to steer development through implementation of policies aimed at additional recovery. To captur
	3.2 The International Futures model 
	We operationalize this scenario analysis in the International Futures model (IFs). The International Futures model is a modeling platform designed for projections of long-term development patterns across areas of human, socioeconomic, and biophysical systems. It falls within a broader set of integrated system models, tools designed to answer multidimensional integrated questions on long-term human and environmental development. IFs represents the world as a set of interconnected systems across agriculture, 
	11 IFs provides projections for 186 countries. However, for the analysis presented here we exclude Libya, given GDP growth rates of -59.7 percent in 2020 and +131.0 percent in 2021, according to IMF.  
	11 IFs provides projections for 186 countries. However, for the analysis presented here we exclude Libya, given GDP growth rates of -59.7 percent in 2020 and +131.0 percent in 2021, according to IMF.  
	12 https://pardee.du.edu/wiki/Main_Page 

	The IFs model represents various indicators of food security at the country level. It projects long-term forecasts of extreme poverty, prevalence and number of people undernourished, and child stunting. The IFs model is the only modeling platform capable of projecting food availability, food accessibility, and food utilization endogenously. Food availability is broken down into crops, meat, and fish and is driven by changes in domestic agricultural production through land use and production intensity couple
	Table 2: Scenario assumptions informing the No-COVID, COVID-19 Current Path, and COVID-19 Unequal Paths scenarios, including data sources to inform the scenario assumptions. 
	 
	 
	 
	 
	 

	No-COVID 
	No-COVID 

	COVID-19 
	COVID-19 
	Current Path 

	COVID-19 
	COVID-19 
	Unequal Paths 

	Data sources 
	Data sources 



	GDP growth 
	GDP growth 
	GDP growth 
	GDP growth 

	Country-level GDP for 2020–2022 follows pre-COVID GDP growth rates. Beyond 2022, the GDP growth follows the IFs endogenous forecast. 
	Country-level GDP for 2020–2022 follows pre-COVID GDP growth rates. Beyond 2022, the GDP growth follows the IFs endogenous forecast. 

	Country-level GDP growth for 2020–2022 comes from IMF GDP growth forecasts.13 
	Country-level GDP growth for 2020–2022 comes from IMF GDP growth forecasts.13 

	Country-level GDP growth in 2020, 2021, and 2022 from the Current Path is lowered by 1.5 percent across all countries. 
	Country-level GDP growth in 2020, 2021, and 2022 from the Current Path is lowered by 1.5 percent across all countries. 

	World Economic Outlook (WEO) GDP growth rates for 2020–022 from IMF (IMF 2021b). Beyond 2022, the GDP growth follows the IFs endogenous forecast.14 
	World Economic Outlook (WEO) GDP growth rates for 2020–022 from IMF (IMF 2021b). Beyond 2022, the GDP growth follows the IFs endogenous forecast.14 


	Inequality 
	Inequality 
	Inequality 

	Distribution of income and of calories at the country level is kept constant at the 2019 level. 
	Distribution of income and of calories at the country level is kept constant at the 2019 level. 

	COVID-19 increases inequality in distribution of income and distribution of calories, across all countries by +1 percent. The increase is assumed constant over time. 
	COVID-19 increases inequality in distribution of income and distribution of calories, across all countries by +1 percent. The increase is assumed constant over time. 

	COVID-19 increases inequality, with a disproportionate impact on countries with low government capacity. The distribution in income and in calories is unchanged in countries with high government capacity and further increases in countries with medium (+1 percent) and low capacity (+2 percent). 
	COVID-19 increases inequality, with a disproportionate impact on countries with low government capacity. The distribution in income and in calories is unchanged in countries with high government capacity and further increases in countries with medium (+1 percent) and low capacity (+2 percent). 

	Own projections on government capacity from the IFs model, internal calculations of coefficient of variation (caloric distribution) and data from World Bank on Gini (income distribution) (World Bank 2020a). 
	Own projections on government capacity from the IFs model, internal calculations of coefficient of variation (caloric distribution) and data from World Bank on Gini (income distribution) (World Bank 2020a). 


	Government debt 
	Government debt 
	Government debt 

	Government debt follows a pre-COVID trajectory and no change to revenues and expenditures associated with COVID-19. 
	Government debt follows a pre-COVID trajectory and no change to revenues and expenditures associated with COVID-19. 

	COVID-19 increases government debt according to income level group. The model endogenously calculates effects on economic growth and government expenditures. 
	COVID-19 increases government debt according to income level group. The model endogenously calculates effects on economic growth and government expenditures. 

	COVID-19 increases government debt according to income level group. In countries with high risk of debt unsustainability, this results in an additional reduction in government expenditures of 5 percent for the next decade across all spending categories. 
	COVID-19 increases government debt according to income level group. In countries with high risk of debt unsustainability, this results in an additional reduction in government expenditures of 5 percent for the next decade across all spending categories. 

	(IMF and World Bank 2021; IMF 2021a). 
	(IMF and World Bank 2021; IMF 2021a). 


	Education 
	Education 
	Education 

	Education follows a pre-COVID trajectory, with no change to quality or 
	Education follows a pre-COVID trajectory, with no change to quality or 

	COVID-19 increases dropouts, following estimates by UNESCO specified for income level group, 
	COVID-19 increases dropouts, following estimates by UNESCO specified for income level group, 

	Dropouts are multiplied by a group-dependent multiplier of 1, 1.5, and 2, depending on the extent of school 
	Dropouts are multiplied by a group-dependent multiplier of 1, 1.5, and 2, depending on the extent of school 

	(Azevedo et al. 2020; UNESCO 2020; 2021). 
	(Azevedo et al. 2020; UNESCO 2020; 2021). 




	 
	 
	 
	 
	 

	No-COVID 
	No-COVID 

	COVID-19 
	COVID-19 
	Current Path 

	COVID-19 
	COVID-19 
	Unequal Paths 

	Data sources 
	Data sources 



	TBody
	TR
	dropouts from COVID-19 school closures. 
	dropouts from COVID-19 school closures. 

	sex, and level of education. Education quality is reduced, following the baseline scenario estimates by the World Bank, per income group. 
	sex, and level of education. Education quality is reduced, following the baseline scenario estimates by the World Bank, per income group. 

	closures. Education quality follows the worst-case scenario across all groups and is multiplied by the same group-dependent factor. 
	closures. Education quality follows the worst-case scenario across all groups and is multiplied by the same group-dependent factor. 


	Child malnourishment 
	Child malnourishment 
	Child malnourishment 

	Child malnourishment follows a pre-COVID trajectory. 
	Child malnourishment follows a pre-COVID trajectory. 

	Child malnourishment follows the endogenous IFs forecast, without any additional COVID-19 effects. 
	Child malnourishment follows the endogenous IFs forecast, without any additional COVID-19 effects. 

	We account for additional short-term effects of COVID-19 on child undernourishment by raising both child wasting and child undernourishment by 14 percent in low- and middle-income countries in 2020 and allowing these rises to fully feed forward to child stunting. 
	We account for additional short-term effects of COVID-19 on child undernourishment by raising both child wasting and child undernourishment by 14 percent in low- and middle-income countries in 2020 and allowing these rises to fully feed forward to child stunting. 

	(Headey et al. 2020; Headey and Ruel 2020; UNICEF, WHO, and World Bank Group 2021). 
	(Headey et al. 2020; Headey and Ruel 2020; UNICEF, WHO, and World Bank Group 2021). 


	Additional COVID-19 shock 
	Additional COVID-19 shock 
	Additional COVID-19 shock 

	No additional shock. 
	No additional shock. 

	Rise in 2020 mortality per country, and an increased trade elasticity to GDP in 2020 and 2021. 
	Rise in 2020 mortality per country, and an increased trade elasticity to GDP in 2020 and 2021. 

	Like Current Path, rise in 2020 mortality per country and an increased trade elasticity to GDP in 2020 and 2021. 
	Like Current Path, rise in 2020 mortality per country and an increased trade elasticity to GDP in 2020 and 2021. 

	(IHME 2020; WTO 2021). 
	(IHME 2020; WTO 2021). 




	13 Pre-COVID estimates on GDP growth stem from 2019, whereas COVID-19 estimates are from 2021. This sometimes results in countries having higher GDP growth in 2020 with COVID-19. This is unlikely to stem from a positive economic growth effect, but rather reflects more recent information regarding economic conditions. In other words, we still assume those countries to have higher growth rates without COVID-19. We adjusted GDP growth rates for a small subset of countries in 2020–2022 such that No-COVID scenar
	13 Pre-COVID estimates on GDP growth stem from 2019, whereas COVID-19 estimates are from 2021. This sometimes results in countries having higher GDP growth in 2020 with COVID-19. This is unlikely to stem from a positive economic growth effect, but rather reflects more recent information regarding economic conditions. In other words, we still assume those countries to have higher growth rates without COVID-19. We adjusted GDP growth rates for a small subset of countries in 2020–2022 such that No-COVID scenar
	14 Appendix D contains a sensitivity analysis in which: 1) GDP growth rates are based on World Bank projections, and 2) we adjust growth rate and inequality assumptions to assess the sensitivity of the results to these drivers. 

	3.3 Scenario assumptions and indicators 
	The scenario narratives and specific assumptions in this report are informed by previous studies, emerging data, insights from the literature, and an expert consultation. We organized a series of six expert meetings with representatives from World Bank, International Food Policy Research Institute, USAID, and universities (for a list of participants, see Appendix A). The meetings were organized around scenario assumptions on COVID-19 effects on economic growth, inequality, education, and government finances
	Table 2 provides an overview of scenario assumptions and sources of data for the No-COVID, Current Path, and Unequal Paths scenarios. We compare the three scenarios for indicators of extreme poverty, undernourishment, and child stunting at the regional and global levels, out to 2040. In addition, we quantify underlying drivers of food security, and changes therein, over the same period to assess the pathways through which COVID-19 affects food security. GDP growth rates for 2020 to 2022 across the different
	We quantify the effects of COVID-19 on outcome indicators (Section 4) and on underlying drivers of food access, availability, and utilization at both the regional and global levels. Some results are also presented for sets of countries. As introduced earlier, the regions discussed in this report are Canada and the U.S., Latin America and Caribbean, Europe, Commonwealth of Independent States, Middle East and North Africa, sub-Saharan Africa, Southern Asia (with results strongly driven by India), and Eastern 
	  
	4. Results: Quantifying extreme poverty, undernourishment, and child stunting in 2040, and the effect of COVID-19 thereon 
	Purpose: This section quantifies the three outcome indicators for food security in 2020 and out to 2040, with and without COVID-19. For each indicator, we first discuss the baseline trend out to 2040 using the Current Path scenario, which includes impacts of COVID-19. This helps the reader understand general projected trends across development indicators. Next, we quantify the effect of COVID-19 in 2020 and 2040 on these three indicators. The analysis provides insights on the effects of COVID-19 on extreme 
	Purpose: This section quantifies the three outcome indicators for food security in 2020 and out to 2040, with and without COVID-19. For each indicator, we first discuss the baseline trend out to 2040 using the Current Path scenario, which includes impacts of COVID-19. This helps the reader understand general projected trends across development indicators. Next, we quantify the effect of COVID-19 in 2020 and 2040 on these three indicators. The analysis provides insights on the effects of COVID-19 on extreme 
	Purpose: This section quantifies the three outcome indicators for food security in 2020 and out to 2040, with and without COVID-19. For each indicator, we first discuss the baseline trend out to 2040 using the Current Path scenario, which includes impacts of COVID-19. This helps the reader understand general projected trends across development indicators. Next, we quantify the effect of COVID-19 in 2020 and 2040 on these three indicators. The analysis provides insights on the effects of COVID-19 on extreme 
	Purpose: This section quantifies the three outcome indicators for food security in 2020 and out to 2040, with and without COVID-19. For each indicator, we first discuss the baseline trend out to 2040 using the Current Path scenario, which includes impacts of COVID-19. This helps the reader understand general projected trends across development indicators. Next, we quantify the effect of COVID-19 in 2020 and 2040 on these three indicators. The analysis provides insights on the effects of COVID-19 on extreme 
	Purpose: This section quantifies the three outcome indicators for food security in 2020 and out to 2040, with and without COVID-19. For each indicator, we first discuss the baseline trend out to 2040 using the Current Path scenario, which includes impacts of COVID-19. This helps the reader understand general projected trends across development indicators. Next, we quantify the effect of COVID-19 in 2020 and 2040 on these three indicators. The analysis provides insights on the effects of COVID-19 on extreme 




	4.1 COVID-19 and extreme poverty 
	   Prevalence of extreme poverty 
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	Figure


	Even considering the impacts of COVID-19, gradual progress is expected in lowering extreme poverty worldwide over the next two decades. In the Current Path scenario, extreme poverty is projected to decrease from 10.1 percent in 2020 to 7.2 percent in 2040. 
	Even considering the impacts of COVID-19, gradual progress is expected in lowering extreme poverty worldwide over the next two decades. In the Current Path scenario, extreme poverty is projected to decrease from 10.1 percent in 2020 to 7.2 percent in 2040. 
	Even considering the impacts of COVID-19, gradual progress is expected in lowering extreme poverty worldwide over the next two decades. In the Current Path scenario, extreme poverty is projected to decrease from 10.1 percent in 2020 to 7.2 percent in 2040. 




	4.1.1 Trends in global extreme poverty to 2040 with COVID-19 
	Poverty is driven most directly by changes in household income and economic growth and the distribution of household income within a country. COVID-19 is affecting poverty by changing both economic growth and the distribution of household income. While household savings can offset income shocks, levels of such savings tend to be small in low-income economies, especially for poor to near-poor households. To understand the effects of COVID-19 on extreme poverty, we first describe overall trends in these three
	15 When this analysis was performed, no data was available for 2020 that fully captured the COVID-19 effect on global extreme poverty, undernourishment, or child stunting. Data collection for these indicators strongly depends on household surveys, which have been largely suspended by COVID-19. This means that for 2020 we strongly rely on projections to understand the effects of COVID-19 on human well-being indicators at the global level. As such we project these indicators but use 2020 estimates. 
	15 When this analysis was performed, no data was available for 2020 that fully captured the COVID-19 effect on global extreme poverty, undernourishment, or child stunting. Data collection for these indicators strongly depends on household surveys, which have been largely suspended by COVID-19. This means that for 2020 we strongly rely on projections to understand the effects of COVID-19 on human well-being indicators at the global level. As such we project these indicators but use 2020 estimates. 

	According to this analysis, the world is still set to make gradual progress in eradicating poverty over the next two decades (
	According to this analysis, the world is still set to make gradual progress in eradicating poverty over the next two decades (
	Figure 4
	Figure 4

	). The prevalence of extreme poverty drops from 10.1 percent in 2020 to 7.2 percent in 2040. Progress on eradicating absolute numbers of extreme poverty is much more challenging given high population growth, especially in areas with already high levels of extreme poverty 

	today. Extreme poverty drops from 783.6 million in 2020 to 666.3 million in 2040, only slightly lower than the 687 million extremely poor people in 2019. 
	Figure 4: Global extreme poverty across the three scenarios, projected out to 2040.  
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	Note: Extreme poverty is measured as the number of people living with less than $1.90 per day. Projections start in 2017. 
	Source: Authors’ calculations. 
	Extreme poverty is unequally distributed across world regions. Of the global population living in poverty in 2020, 59.7 percent were in sub-Saharan Africa and 25.9 percent were in Southern Asia. By 2040, the distribution of extreme poverty is projected to be even more skewed toward sub-Saharan Africa, with 74.1 percent of all people in extreme poverty living there, and 11.8 percent in Southern Asia. Across all world regions, the prevalence of poverty is projected to drop, from 41.9 percent in sub-Saharan Af
	Extreme poverty is unequally distributed across world regions. Of the global population living in poverty in 2020, 59.7 percent were in sub-Saharan Africa and 25.9 percent were in Southern Asia. By 2040, the distribution of extreme poverty is projected to be even more skewed toward sub-Saharan Africa, with 74.1 percent of all people in extreme poverty living there, and 11.8 percent in Southern Asia. Across all world regions, the prevalence of poverty is projected to drop, from 41.9 percent in sub-Saharan Af
	Figure 5
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	). But while the prevalence of poverty is projected to drop in sub-Saharan Africa,  

	   Geographic distribution of extreme poverty 
	   Geographic distribution of extreme poverty 
	   Geographic distribution of extreme poverty 
	   Geographic distribution of extreme poverty 
	   Geographic distribution of extreme poverty 
	Figure


	Extreme poverty today is primarily concentrated in Southern Asia and Sub-Saharan Africa. By 2040 it is projected that 74.1 percent of all people in extreme poverty will live in Sub-Saharan Africa. 
	Extreme poverty today is primarily concentrated in Southern Asia and Sub-Saharan Africa. By 2040 it is projected that 74.1 percent of all people in extreme poverty will live in Sub-Saharan Africa. 
	Extreme poverty today is primarily concentrated in Southern Asia and Sub-Saharan Africa. By 2040 it is projected that 74.1 percent of all people in extreme poverty will live in Sub-Saharan Africa. 




	the absolute number of people in extreme poverty in the region is projected to increase due to strong population growth, going from 467.5 million in 2020 to 493.7 million in 2040. Only 25 out of the 49 countries in sub-Saharan Africa are projected to have lower absolute numbers of people living in poverty in 2040 compared to 2020. In other regions poverty is projected to drop both as percentage of the population and in absolute number of people. In Southern Asia progress is strongly driven by the reduction 
	Other regions had much smaller shares of the global population living in extreme poverty in 2020, with the Middle East and North Africa (4.8 percent), Oceania (6.0 percent), Southeast Asia (4.4 percent), and Latin America and the Caribbean (7.0 percent) all above 3 percent (
	Other regions had much smaller shares of the global population living in extreme poverty in 2020, with the Middle East and North Africa (4.8 percent), Oceania (6.0 percent), Southeast Asia (4.4 percent), and Latin America and the Caribbean (7.0 percent) all above 3 percent (
	Figure 5
	Figure 5

	). That in itself, of course, does not mean that extreme poverty is necessarily lower across all these countries. For example, Papua New Guinea (with 22.4 percent of the population in extreme poverty in 2020) makes up 80.3 percent of 

	all extreme poverty in the Oceania region, and Yemen (with 53.1 percent of the population in extreme poverty in 2020) accounts for 61.5 percent of all extreme poverty in the Middle East and North Africa region. In the top 15 countries with the highest levels of poverty in 2020, only Yemen (rank 12) and Venezuela (rank 11) are countries not in sub-Saharan Africa or Southern Asia. Thus, global extreme poverty in 2020—and even more so out to 2040—is predominantly oriented toward sub-Saharan Africa and to a les
	Figure 5: Prevalence of extreme poverty across world regions, in the Current Path scenario. 
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	Note: Projections start in 2017, and 2015–2016 are data points. We excluded regions with less than 1 percent of the population in poverty (Canada and U.S., Commonwealth of Independent States, Eastern Asia, Europe). 
	Source: Authors’ calculations. 
	 
	4.1.2 Quantifying the effect of COVID-19 on extreme poverty in 2020 and 2040 
	We study the effects of COVID-19 on extreme poverty by quantifying the difference between a No-COVID counterfactual and two COVID-19 scenarios (Current Path and Unequal Paths). We do not provide a single point estimate but rather quantify the range of the two COVID-19 effects on extreme poverty out to 2040. COVID-19 results in a 6- to 12-year setback in poverty eradication at the global level by 2040. This means that the poverty prevalence in 2040 in the Current Path scenario would have been reached six yea
	   Extreme poverty in 2020 and in 2040 
	   Extreme poverty in 2020 and in 2040 
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	COVID-19 is estimated to have increased extreme poverty in 2020 by 101.9 (Current path) to 118.3 (Unequal path) million, relative to a No-COVID scenario. This is the first rise in global extreme poverty in this century. 
	COVID-19 is estimated to have increased extreme poverty in 2020 by 101.9 (Current path) to 118.3 (Unequal path) million, relative to a No-COVID scenario. This is the first rise in global extreme poverty in this century. 
	COVID-19 is estimated to have increased extreme poverty in 2020 by 101.9 (Current path) to 118.3 (Unequal path) million, relative to a No-COVID scenario. This is the first rise in global extreme poverty in this century. 
	In 2040 our projection shows COVID-19 slows down the progress on eradicating extreme poverty, resulting in a 6 to 12-year setback in lowering extreme poverty relative to a world without COVID-19. 




	COVID-19 increased global extreme poverty in 2020 by 14.9 percent to 17.3 percent, or an estimated 101.9 to 118.3 million, depending on the COVID-19 scenario (
	COVID-19 increased global extreme poverty in 2020 by 14.9 percent to 17.3 percent, or an estimated 101.9 to 118.3 million, depending on the COVID-19 scenario (
	Figure 4
	Figure 4

	). This estimate lies between poverty estimates produced by others, with analysis by Laborde, Martin, and Vos (2021) projecting a rise in poverty of 150 million, an analysis by Sumner, Hoy, and Ortiz-Juarez (2020) ranging between 84.9 million to 419 million, an analysis by World Bank projecting a rise of 97 million (Mahler et al. 2021), and at the lower end, estimates projecting increases between 39 million and 60 million (Bill & Melinda Gates Foundation and IHME 2020; Kharas and Hamel 2020). While most of 

	16 To assess the importance of GDP assumptions and distributional effects, we provide a sensitivity analysis in Appendix D. 
	16 To assess the importance of GDP assumptions and distributional effects, we provide a sensitivity analysis in Appendix D. 

	By 2040, COVID-19 is projected to increase global extreme poverty by 18.5 percent to 35.2 percent, or an estimated 103.9 to 198.3 million people (
	By 2040, COVID-19 is projected to increase global extreme poverty by 18.5 percent to 35.2 percent, or an estimated 103.9 to 198.3 million people (
	Figure 4
	Figure 4

	) as compared to a no-COVID scenario. Among other things, the 94.4 million difference between the two COVID-19 scenarios shows not only the great uncertainty associated with COVID-19 effects in general, but also the risk that additional long-term scarring effects of the COVID-19 pandemic could carry for increasing extreme poverty. The 94.4 million difference between the two COVID scenarios is roughly the size of the number of people in extreme poverty in Nigeria today (91.2 million). Based on previous econo

	The increase in poverty from COVID-19, relative to a No-COVID scenario, primarily falls on sub-Saharan Africa and Southern Asia. In sub-Saharan Africa, estimates of the growth in poverty from COVID-19 vary from 27.8 to 34.6 million in 2020 and rise to 55.3 to 113.8 million by 2040 (
	The increase in poverty from COVID-19, relative to a No-COVID scenario, primarily falls on sub-Saharan Africa and Southern Asia. In sub-Saharan Africa, estimates of the growth in poverty from COVID-19 vary from 27.8 to 34.6 million in 2020 and rise to 55.3 to 113.8 million by 2040 (
	Figure 6
	Figure 6

	). For Southern Asia, rises in poverty from COVID-19 have larger immediate effects in 2020 (53.0 to 59.2 million) but smaller longer-term effects (22.8 to 43.1 million). These differences in regional dynamics are largely determined by differences in population growth, since both world regions see a net decrease in the prevalence of poverty from 2020 to 2040 across all scenarios. These projections suggest that not only will COVID-19 increase poverty out to 2040, relative to a No-COVID scenario, but more impo

	Figure 6: Additional people in extreme poverty, between a No-COVID scenario and the two COVID-19 scenarios, in 2020 (top panel) and out to 2040 (bottom panel). 
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	Note: The rise in poverty is depicted for five world regions. We exclude regions with less than one million additional people in poverty (Canada and U.S.; Eastern Asia; Commonwealth of Independent States, Europe, and Oceania. See Appendix B for all world regions). 
	Source: Authors’ calculations.  
	4.2 COVID-19 and undernourishment 
	4.2.1 Trends in undernourishment to 2040 with COVID-19 
	The number of undernourished people and the PoU in the population are driven by changes in calories per capita at the country level, and the distribution of calories across the population. These are the result of changes in food availability through agricultural production and trade, food access through economic changes, demand-side effects, and to a lesser extent by food utilization related to dietary shifts from vegetables and meats to staple crops. All these systems change over time, but COVID-19 is prim
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	Despite the effects of COVID-19, the world is still set to make gradual progress in lowering the prevalence of undernourishment by 2040. 
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	The PoU is projected to gradually drop over the next two decades, largely driven by more affluent populations with higher demand for calories per capita, in scenarios with and without COVID-19. The prevalence of undernourishment drops from 11.3 percent in 2020 to 8.6 percent in 2040, whereas absolute numbers drop from 876.6 million in 2020 to 795.0 million by 2040 (
	The PoU is projected to gradually drop over the next two decades, largely driven by more affluent populations with higher demand for calories per capita, in scenarios with and without COVID-19. The prevalence of undernourishment drops from 11.3 percent in 2020 to 8.6 percent in 2040, whereas absolute numbers drop from 876.6 million in 2020 to 795.0 million by 2040 (
	Figure 7
	Figure 7

	). Rises in GDP per capita result in higher food demand, with calories per capita increasing from an average of 2,100 per capita per day in 2020 to 3,100 calories per day in 2040. The rise in per capita demand coupled with population growth means that the world is facing increased challenges to feed a rising population, but the global agricultural system is projected to be able to keep up with global food demand. The projected improvements in undernourishment are primarily driven by rising household income 

	Undernourishment has been on the rise in the last few years. This is largely attributed to rising levels of conflict (FAO et al. 2020), but it is unclear whether this trend is likely to continue in the future. Two recent reports providing longer-term projections on food security follow the same trajectory, with an initial increase in undernourishment in 2020 and 2021 followed by a gradual decline to 2030. The scenarios presented here account for some continued effects of conflict and climate change on food 
	Figure 7: Global undernourishment across the three scenarios, projected out to 2040. 
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	Note: Projections start in 2017. 
	Source: Authors’ calculations. 
	 
	Figure 8: Prevalence of undernourishment in the Current Path scenario across world regions.  
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	Note: We excluded regions with a prevalence of undernourishment under 5 percent (Canada and U.S.; Europe, Commonwealth of Independent States). Projections start in 2017. 
	Source: Authors’ calculations. 
	The distribution of undernourishment follows a similar pattern as that of extreme poverty but is less concentrated in sub-Saharan Africa and Southern Asia (
	The distribution of undernourishment follows a similar pattern as that of extreme poverty but is less concentrated in sub-Saharan Africa and Southern Asia (
	Figure 8
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	). In 2020, the largest share of the undernourished population was in sub-Saharan Africa (22.8 percent), followed by Southern Asia (15.2 percent). The PoU is lower in other regions, but still above five percent in Eastern Asia (7.6 percent), the Middle East and North Africa (9.3 percent), Southeast Asia (10.8 percent), and Latin America and the Caribbean (7.6 percent). 

	As 2040 approaches, progress is projected in reducing undernourishment across most world regions, with the largest decline in sub-Saharan Africa and Southern Asia. However, coupled with population growth, there are strongly opposing trends across regions in the number of undernourished people, with strong declines in Eastern Asia (-42.4 million) and Southern Asia (-70.2 million), driven respectively by China and India and, to a lesser extent, Bangladesh. The opposite is true for the Middle East and North Af
	17 Of course, it is possible that the economic, political, and food crisis in Venezuela will be resolved in the near future. In 2020, the country’s GDP growth rate was projected at -30 percent. The IFs model projects negative growth until 2027, and afterward, it projects positive growth, albeit at low rates. 
	17 Of course, it is possible that the economic, political, and food crisis in Venezuela will be resolved in the near future. In 2020, the country’s GDP growth rate was projected at -30 percent. The IFs model projects negative growth until 2027, and afterward, it projects positive growth, albeit at low rates. 

	4.2.2 Quantifying the effect of COVID-19 on undernourishment in 2020 and 2040 
	We study the effect of COVID-19 on undernourishment by comparing a No-COVID scenario to two COVID-19 scenarios. Within these scenarios, COVID-19 has direct effects on undernourishment, driven by lower economic growth and changes in the distribution of calories across populations. The primary pathway causing change in undernourishment is through food access and inequality. In the longer-term, economic growth reductions further increase undernourishment. For instance, decreased agricultural investments reduce
	By 2040, COVID-19 results in a 4- to 8-year setback in the PoU. In other words, the levels of undernourishment reached in 2040 in the Current Path scenario would have been reached four years earlier without COVID-19. This setback is slightly less pronounced than the setback to poverty, as some households can lessen economic impacts by spending larger shares of their income on food and/or by shifting diets away from diverse and nutrient-rich foods, such meat and vegetables, toward staple foods in order to ma
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	In 2020, our analysis shows COVID-19 resulted in a rise in undernourishment of 48.4 to 53.9 million globally, relative to a No-COVID scenario. 
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	In 2020, we estimate a rise of 5.8 percent to 6.5 percent in global undernourishment, equivalent to an increase of 48.4 to 53.9 million people, relative to a No-COVID scenario (
	In 2020, we estimate a rise of 5.8 percent to 6.5 percent in global undernourishment, equivalent to an increase of 48.4 to 53.9 million people, relative to a No-COVID scenario (
	Figure 7
	Figure 7

	). In the Current Path scenario, the effects of COVID-19 in 2020 are followed by gradual declines in undernourishment in the following years because of economic recovery. The Unequal Paths scenario describes a world with both short-to-medium-term effects, with gradual declines starting from 2025 onward. Thus by 2025, the effects of COVID-19 on undernourishment are projected to diverge more strongly than in 2020 across the scenarios, with increases ranging between 37.7 to 72.7 million, relative to the No-COV

	These estimates are at the lower end of other projections of the impact of COVID-19 on undernourishment. The USDA estimates an additional 83.5 million people would suffer from undernourishment in 2020 and the FAO estimated 83 to 132 million additional people would live in hunger the same year.  This range of estimates shows the uncertainty associated with undernourishment in 2020 because of COVID-19. What we do know is that much uncertainty is associated with GDP and distributional effects from COVID-19. We
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	By 2040 our projection shows COVID-19 will result in an increase in undernourishment of 6.2 percent to 12 percent, relative to a No-COVID scenario. The more pessimistic Unequal Paths COVID-19 scenario thus roughly doubles the effect on undernourishment. 
	By 2040 our projection shows COVID-19 will result in an increase in undernourishment of 6.2 percent to 12 percent, relative to a No-COVID scenario. The more pessimistic Unequal Paths COVID-19 scenario thus roughly doubles the effect on undernourishment. 
	By 2040 our projection shows COVID-19 will result in an increase in undernourishment of 6.2 percent to 12 percent, relative to a No-COVID scenario. The more pessimistic Unequal Paths COVID-19 scenario thus roughly doubles the effect on undernourishment. 




	We project undernourishment to increase globally because of the pandemic by 6.2 percent to 12 percent by 2040, equivalent to a rise of 46.5 million to 90.0 million people, relative to a No-COVID scenario (Figure 9). The difference between the two COVID-19 scenarios suggests a potential doubling of the effect on undernourishment by 2040, assuming additional longer-term downturns and no policy changes to boost inclusive economic growth and human development beyond the pandemic. The difference of 43.5 million 
	Figure 9: Additional number of undernourished people between a No-COVID scenario and the two COVID-19 scenarios in 2020 (top panel) and in 2040 (bottom panel). 
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	Note: The rise in undernourishment is depicted for six world regions, excluding those with fewer than two million additional undernourished people (Canada and U.S., Commonwealth of Independent States, Europe, and Oceania). 
	Source: Authors’ calculations. 
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	COVID-19 is projected to increase undernourishment primarily in the two regions already struggling with food insecurity, from 13.8 to 30.8 million in sub-Saharan Africa and from 14.4 to 27.0 million in Southern Asia between 2020 and in 2040, relative to a No-COVID scenario. 
	COVID-19 is projected to increase undernourishment primarily in the two regions already struggling with food insecurity, from 13.8 to 30.8 million in sub-Saharan Africa and from 14.4 to 27.0 million in Southern Asia between 2020 and in 2040, relative to a No-COVID scenario. 
	COVID-19 is projected to increase undernourishment primarily in the two regions already struggling with food insecurity, from 13.8 to 30.8 million in sub-Saharan Africa and from 14.4 to 27.0 million in Southern Asia between 2020 and in 2040, relative to a No-COVID scenario. 




	COVID-19 increases undernourishment primarily in the two regions already struggling with food insecurity (Figure 9). In 2020, the undernourished population is estimated to have increased by 8.3 to 9.7 million in sub-Saharan Africa and 21.5 to 23.6 million in Southern Asia. Importantly, the estimated increase in Southern Asia is based on data prior to the 2021 outbreak of COVID-19 in India and other countries in Southern Asia, and the associated human and socioeconomic losses18 By 2040, these regions are pro
	18 When analyses were conducted for this report, GDP growth projections of April 2021 did not account for new variants and rises in spread of the virus. This effect is likely most pronounced in Southern Asia, with high spread and associated mortality from the COVID-19 Delta variant. Since we had already included in our study a downward scenario with a -1.5 percent adjustment in GDP growth, we believe the scenario framework does account for worsening outlooks of COVID-19 spread and the effects on economic an
	18 When analyses were conducted for this report, GDP growth projections of April 2021 did not account for new variants and rises in spread of the virus. This effect is likely most pronounced in Southern Asia, with high spread and associated mortality from the COVID-19 Delta variant. Since we had already included in our study a downward scenario with a -1.5 percent adjustment in GDP growth, we believe the scenario framework does account for worsening outlooks of COVID-19 spread and the effects on economic an

	The increase in either sub-Saharan Africa or Southern Asia in 2040 is larger than the combined growth of undernourishment in Southeast Asia, Latin America and the Caribbean, and the Middle East and North Africa. We thus project that COVID-19 will worsen undernourishment outlooks relative to a No-COVID scenario, with a disproportionate effect in regions with the highest burden of undernourishment. 
	4.3 COVID-19 and child stunting 
	4.3.1 Trends in child stunting to 2040 with COVID-19 
	Child stunting over long periods of time is driven not only by caloric availability and household income but also by the development of educational initiatives directed at parents, access to WATSAN, and to health care that can help prevent the spread of communicable diseases (Vaivada et al. 2020). COVID-19 is affecting all these factors but impacts on reduced maternal education and government finances for WATSAN will manifest over longer time horizons. The challenge today is that reports on stunting and was
	Figure 10: Global child stunting across the three scenarios, projected out to 2040. 
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	Note: Projections start in 2017. 
	Source: Authors’ calculations. 
	In 2020, we estimate that in the Current Path scenario, child stunting affects 159.6 million children under age five, a small increase from 159.3 million children in a No-COVID scenario. By 2022 the cumulative difference in child stunting is projected at 1.6 million additional children under five, close to the 1.5 million in the optimistic scenario from the only other existing forecast on child stunting (Osendarp et al. 2021). In the more pessimistic Unequal Paths scenario, child stunting is estimated to ha
	In 2020, we estimate that in the Current Path scenario, child stunting affects 159.6 million children under age five, a small increase from 159.3 million children in a No-COVID scenario. By 2022 the cumulative difference in child stunting is projected at 1.6 million additional children under five, close to the 1.5 million in the optimistic scenario from the only other existing forecast on child stunting (Osendarp et al. 2021). In the more pessimistic Unequal Paths scenario, child stunting is estimated to ha
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	), and to have risen slightly to 23.8 percent in 2020. Our estimates are similar to the findings of the Joint Malnutrition Report, which estimates an increase in child stunting from 21.3 percent in 2019 to 22.0 percent in 2020, or an estimated 5.2 million additional children (UNICEF, WHO, and World Bank Group 2021). We estimate child stunting in 2020 affected 159.6 to 164.4 million children, depending on the severity of COVID-19. The Current Path scenario is thus more aligned with a mild optimistic scenario
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	COVID-19 resulted in a rise in child stunting in 2020, but the effects of the pandemic are projected to manifest over time, with stronger effects seen from 2030 to 2040. 
	COVID-19 resulted in a rise in child stunting in 2020, but the effects of the pandemic are projected to manifest over time, with stronger effects seen from 2030 to 2040. 
	COVID-19 resulted in a rise in child stunting in 2020, but the effects of the pandemic are projected to manifest over time, with stronger effects seen from 2030 to 2040. 




	Child stunting is projected to drop, with and without COVID-19, to 14.9 percent in 2040. In 2020, child stunting was most prevalent in sub-Saharan Africa and Southern Asia, followed by Southeast Asia, Oceania, the Middle East, and North Africa (
	Child stunting is projected to drop, with and without COVID-19, to 14.9 percent in 2040. In 2020, child stunting was most prevalent in sub-Saharan Africa and Southern Asia, followed by Southeast Asia, Oceania, the Middle East, and North Africa (
	Figure 11
	Figure 11

	). Child stunting is thus most prevalent today in Asian countries, with Southern Asia (57.3 million) and Southeast Asia (16.2 million) dominating, followed by sub-Saharan Africa (57.3 million). Progress on eradicating child stunting is projected to be especially strong in Southern Asia, dropping from 33.6 percent in 2020 to 18.4 percent in 2040 and, to a lesser extent in sub-Saharan Africa, dropping from 32.9 percent in 2020 to 20.1 percent in 2040, and Southeast Asia, 

	dropping from 26.8 percent to 17.8 percent. By 2040 this means that more children suffering from stunting are projected to live in sub-Saharan Africa (47.4 million) than in Southern Asia (30.1 million) and Southeast Asia (9.4 million) combined. This rate of progress is similar to a recent global statistical modeling forecast for 2030 by FAO et al. (2021).  
	Figure 11: Rates of child stunting for the different world regions for the Current Path scenario.  
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	Note: World regions with child stunting rates below 5 percent are not depicted. 
	Source: Authors’ calculations. 
	4.3.2 Quantifying the effect of COVID-19 on child stunting in 2020 and 2040 
	The effect of COVID-19 on child stunting is less than its effect on both extreme poverty and undernourishment. By 2040, child stunting rates are projected to increase from 14.5 percent in a No-COVID scenario to 14.9 percent or 15.4 percent, depending on the COVID-19 scenario. COVID-19, and associated economic contractions, are also slightly increasing the projection of total fertility rates and the number of children under age five out to 2040. Combined, the rise in absolute child stunting from COVID-19 out
	In contrast to the effects of the pandemic on poverty or undernutrition, COVID-19 is producing a negative long-term effect on the drivers of stunting out to 2040, with effects on water and sanitation infrastructure as well as effects on maternal education manifesting slowly over time. Scenario projection lines for extreme poverty and undernourishment remain relatively parallel after 2025 following an increase due to the COVID-19 shock. The opposite is true for child stunting, with initial small effects of d
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	Child stunting is driven by access to water and sanitation and maternal education. Both drivers are affected in the long run by lower economic growth, reduced government finances and the long-term effects of education losses due to COVID-19. 
	Child stunting is driven by access to water and sanitation and maternal education. Both drivers are affected in the long run by lower economic growth, reduced government finances and the long-term effects of education losses due to COVID-19. 
	Child stunting is driven by access to water and sanitation and maternal education. Both drivers are affected in the long run by lower economic growth, reduced government finances and the long-term effects of education losses due to COVID-19. 




	Regionally, the effect of COVID-19 on child stunting falls primarily to sub-Saharan Africa, with much smaller increases in Southern Asia and Latin America and the Caribbean (
	Regionally, the effect of COVID-19 on child stunting falls primarily to sub-Saharan Africa, with much smaller increases in Southern Asia and Latin America and the Caribbean (
	Figure 12
	Figure 12

	). Under our projection, child stunting in sub-Saharan Africa increases by 2040 by 2.0 million to 4.3 million, relative to a No-COVID scenario. All other world regions show increases in child stunting of under one million. Of additional children suffering from child stunting out to 2040, 52 to 60 percent are projected to live in sub-Saharan Africa.  

	Figure 12: Absolute number of children under 5 years suffering from child stunting in 2040 in the No-COVID, Current Path, and Unequal Paths scenarios. 
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	Note: World regions with values below 3 million children stunted are not depicted. 
	Source: Authors’ calculations. 
	 
	  
	5. Pathways of change: Trends in underlying drivers of food availability, access, and utilization, and the effect of COVID-19 thereon 
	Purpose: This section goes beyond the results presented in Section 4, to quantify trends in the drivers of food availability, access, and utilization to 2040, with and without COVID-19, and the effect of COVID-19 thereon. Understanding the contributions of drivers to food security by 2040 at the world and world region level helps in identifying policy priorities to improve food security and to minimize the negative effects of COVID-19 thereon. 
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	Purpose: This section goes beyond the results presented in Section 4, to quantify trends in the drivers of food availability, access, and utilization to 2040, with and without COVID-19, and the effect of COVID-19 thereon. Understanding the contributions of drivers to food security by 2040 at the world and world region level helps in identifying policy priorities to improve food security and to minimize the negative effects of COVID-19 thereon. 
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	The effects of the COVID-19 pandemic on food security indicators in 2020 and out to 2040 are driven primarily by reduced food access as a result of changing economic growth, household incomes, and rising inequality. 
	The effects of the COVID-19 pandemic on food security indicators in 2020 and out to 2040 are driven primarily by reduced food access as a result of changing economic growth, household incomes, and rising inequality. 
	The effects of the COVID-19 pandemic on food security indicators in 2020 and out to 2040 are driven primarily by reduced food access as a result of changing economic growth, household incomes, and rising inequality. 




	In Section 4, we quantified and discussed several ways COVID-19 is likely to hinder progress on indicators of human well-being, but only touched briefly on the pathways through which it operates. Insights from previous sections and from literature identified household income, inequality, and food prices as three of the strongest drivers of this setback. Starting in 2020, COVID-19 and the policies that governments, businesses, and civil society put in place to control the spread of the pandemic resulted in s
	In Section 4, we quantified and discussed several ways COVID-19 is likely to hinder progress on indicators of human well-being, but only touched briefly on the pathways through which it operates. Insights from previous sections and from literature identified household income, inequality, and food prices as three of the strongest drivers of this setback. Starting in 2020, COVID-19 and the policies that governments, businesses, and civil society put in place to control the spread of the pandemic resulted in s
	Figure 13
	Figure 13

	).  

	Figure 13: Percent reduction in calories per capita in the Current Path scenario relative to the No-COVID scenario. 
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	Source: Authors’ calculations. 
	With or without COVID-19, per capita demand for calories will remain significantly higher through 2040 in high-income regions such as Canada and the U.S., and Europe (
	With or without COVID-19, per capita demand for calories will remain significantly higher through 2040 in high-income regions such as Canada and the U.S., and Europe (
	Figure 14
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	). While calories per capita in sub-Saharan Africa and South Asia will maintain steady growth, they are not expected to reach levels seen in the U.S. and Europe 60 years ago. This is in stark contrast to East Asia (primarily China), which saw nearly a doubling of demand over the last 60 years and is expected to reach today’s European levels of demand by 2040. 

	Figure 14: Calories per capita in the COVID-19 Current Path scenario. 
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	Source: Authors’ calculations. 
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	Drops in household income drive down caloric intake across world regions in 2020 and out to 2040. Households adjust by shifting a larger share of household spending to food and by shifting diets away from meat toward staple crops. However, these shifts lower dietary diversity and make households more vulnerable to future shocks. 
	Drops in household income drive down caloric intake across world regions in 2020 and out to 2040. Households adjust by shifting a larger share of household spending to food and by shifting diets away from meat toward staple crops. However, these shifts lower dietary diversity and make households more vulnerable to future shocks. 
	Drops in household income drive down caloric intake across world regions in 2020 and out to 2040. Households adjust by shifting a larger share of household spending to food and by shifting diets away from meat toward staple crops. However, these shifts lower dietary diversity and make households more vulnerable to future shocks. 




	We estimate that in 2020, Southern Asia (primarily India) experienced a 1.3 percent reduction in calories per capita relative to a No-COVID scenario, double that of all other regions except for Southeastern Asia. As a country hit particularly hard by the pandemic, India experienced a 10 percent reduction in GDP per capita (measured in purchasing power parity), resulting in a 1.4 percent reduction in calories per capita and a 10 percent increase in the prevalence of undernourishment relative to the No-COVID 
	To lessen the impact on their food baskets, many households are expected to shift consumption away from meat (Figure 15) toward less expensive, crop-based foods. While this shift is expected to be strongest and most enduring in Southern Asia and sub-Saharan Africa, which face the largest demand reductions because of the pandemic, diets of these regions are already far less meat intensive than those of higher-income countries. Consumers may also choose to forego the purchase of information and communication 
	To lessen the impact on their food baskets, many households are expected to shift consumption away from meat (Figure 15) toward less expensive, crop-based foods. While this shift is expected to be strongest and most enduring in Southern Asia and sub-Saharan Africa, which face the largest demand reductions because of the pandemic, diets of these regions are already far less meat intensive than those of higher-income countries. Consumers may also choose to forego the purchase of information and communication 
	Box 3: COVID-19 and dietary quality
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	. 

	Figure 15: Percent change in meat demand as a portion of total caloric demand relative to No-COVID scenario.  
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	Note: Given that changes in undernourishment are negligible in Canada and U.S., Europe, and Commonwealth of Independent States, we did not depict changes in those regions. 
	Source: Authors’ calculations. 
	Figure 16: Percent change in share of household consumption going to food (agriculture) relative to No-COVID scenario. 
	 
	Chart
	Span
	0
	0
	0


	2
	2
	2


	4
	4
	4


	6
	6
	6


	8
	8
	8


	10
	10
	10


	12
	12
	12


	14
	14
	14


	2020
	2020
	2020


	2030
	2030
	2030


	2040
	2040
	2040


	Percent change in agriculture 
	Percent change in agriculture 
	Percent change in agriculture 


	Span
	Eastern Asia (China+)
	Eastern Asia (China+)
	Eastern Asia (China+)


	Span
	Middle East & Northern Africa
	Middle East & Northern Africa
	Middle East & Northern Africa


	Span
	Oceania
	Oceania
	Oceania


	Span
	Southeast Asia
	Southeast Asia
	Southeast Asia


	Span
	Southern Asia (India+)
	Southern Asia (India+)
	Southern Asia (India+)


	Span
	Latin America & Caribbean
	Latin America & Caribbean
	Latin America & Caribbean


	Span
	sub-Saharan Africa
	sub-Saharan Africa
	sub-Saharan Africa


	Span

	Note: Given that changes in undernourishment are negligible in Canada and the U.S., Europe, and Commonwealth of Independent States, we did not depict changes in those regions. 
	Source: Authors’ calculations. 
	Within a country, significant variations in income and consumption between households also means varying resilience to shocks. The Gini index measures the degree of income inequality within a country and has been shown to be an important driver of the change in poverty. The coefficient of variation is a measure used to describe the distribution of calories within a population and is similar to the Gini index of income inequality. Given that access is primarily a question of income and food prices, income in
	19 For this study, we infer the coefficient of variation using estimates of the prevalence of undernutrition, the minimum dietary energy requirement, and an assumption of lognormality in caloric distribution. A sensitivity analysis exploring the impact of different distributional patterns on undernutrition is provided in Appendix D. 
	19 For this study, we infer the coefficient of variation using estimates of the prevalence of undernutrition, the minimum dietary energy requirement, and an assumption of lognormality in caloric distribution. A sensitivity analysis exploring the impact of different distributional patterns on undernutrition is provided in Appendix D. 

	The IFs model can both endogenously and exogenously project the distribution in household income and calories. However, to assess the effect of COVID-19 on income and food distribution, we opted to exogenously impose increases among countries of either a one or two percent rise in inequality of the income and caloric distribution (see Section 3 for scenario assumptions). Exogenously prescribing these values limits our ability to fully assess the contribution of inequality in the future of food security. How
	While it may be some time before we fully understand the multiple ways COVID-19 has disrupted access to food, the impact is likely shouldered disproportionately by those already in positions of relative insecurity. This is true at the country and world region levels, as well as for individual households within countries. And while the pandemic is expected to set back progress toward the elimination of undernutrition, it also highlights important structural distinctions regarding demand and distribution that
	5.2 COVID-19 and food availability to 2040 
	   Food availability 
	   Food availability 
	   Food availability 
	   Food availability 
	   Food availability 
	Figure


	COVID-19 has minimal effects on food supply and availability today and is projected to also have little effect out to 2040. 
	COVID-19 has minimal effects on food supply and availability today and is projected to also have little effect out to 2040. 
	COVID-19 has minimal effects on food supply and availability today and is projected to also have little effect out to 2040. 




	 Reduced household incomes and changes in the distribution of income and calories are primary pathways by which COVID-19 is affecting food security. However, reductions in agricultural demand also have forward effects on food availability. Globally, reductions in agricultural demand are mirrored by reductions in agricultural production. In other words, a core assumption in the IFs model is that the world does not produce more food than it can consume. The COVID-19 pandemic and its consequences do not alter 
	Shifting diets and growing populations result in a continued increase in demand for food. Over the past decades, increases in food production have been fueled by rapidly increasing yields in Europe, Canada, and the U.S., followed by a combination of yield and land expansion in Southeast Asia, Eastern Asia, especially China, and countries in Latin America and the Caribbean and Southern Asia. However, many countries are reaching limits on land expansion as well as limits on yield increases (Eitelberg, van Vli
	Box 2: Demand, distribution, and undernourishment in Central African Republic and Zimbabwe. 
	Box 2: Demand, distribution, and undernourishment in Central African Republic and Zimbabwe. 
	Box 2: Demand, distribution, and undernourishment in Central African Republic and Zimbabwe. 
	Box 2: Demand, distribution, and undernourishment in Central African Republic and Zimbabwe. 
	Box 2: Demand, distribution, and undernourishment in Central African Republic and Zimbabwe. 
	In 2020, the Central African Republic and Zimbabwe both had similar levels of undernutrition (53 percent and 52 percent respectively) even though, at about 2,200 calories per capita, Zimbabwe has notably higher demand than the Central African Republic. In fact, the Central African Republic’s caloric demand is only about 8 percent higher than the minimum energy dietary requirement, whereas Zimbabwe is more than 25 percent above the threshold. However, in the Central African Republic the distribution of calor
	Table 3: Key food security indicator estimates for Central African Republic and Zimbabwe in 2020. 
	 
	 
	 
	 

	Key food security indicators in 2020 
	Key food security indicators in 2020 


	 
	 
	 

	Central African Republic 
	Central African Republic 

	Zimbabwe 
	Zimbabwe 


	Prevalence of undernourishment 
	Prevalence of undernourishment 
	Prevalence of undernourishment 

	53.1 
	53.1 

	51.6 
	51.6 


	Calories per capita 
	Calories per capita 
	Calories per capita 

	1,827 
	1,827 

	2,166 
	2,166 


	Coefficient of variation 
	Coefficient of variation 
	Coefficient of variation 

	0.16 
	0.16 

	0.72 
	0.72 


	Agriculture share of consumption 
	Agriculture share of consumption 
	Agriculture share of consumption 

	56 
	56 

	25 
	25 


	Percent increase in undernutrition 
	Percent increase in undernutrition 
	Percent increase in undernutrition 

	4.2 
	4.2 

	1.8 
	1.8 



	Before COVID-19, more than half of household consumption in the Central African Republic was on food. In Zimbabwe, this figure was less than one quarter. With a larger portion of food consumption exposed to the shock induced by COVID-19, the prevalence of undernourishment in Central African Republic was estimated to have increased by 4.2 percent in 2020, relative to the No-COVID scenario, while Zimbabwe’s undernutrition increased by only 1.8 percent, with the share of household food consumption increasing b




	 
	Box 2: Continuation. 
	Box 2: Continuation. 
	Box 2: Continuation. 
	Box 2: Continuation. 
	Box 2: Continuation. 
	But the Central African Republic’s relatively larger setback from COVID-19 is minor when compared to the progress in eliminating hunger the country is expected to make in the long run, even despite maintaining one of the lowest levels of caloric demand on the continent. This is due to the country’s equal distribution of calories. 
	Historical estimates of caloric distribution are hard to come by, but archived data from FAO suggest that the global (simple) average change in the coefficient of variation was negligible from 2000 to 2016. Even among countries that made progress, the average reduction in inequality was less than 1 percent (though China and Brazil managed an average annual improvement of 2.1 percent and 1.8 percent over the period). 
	Demand in the Central African Republic and Zimbabwe are both projected to grow at a similar rate over the coming decades. Calories per capita in the Central African Republic, which start from a much lower base, are not expected to reach levels seen in Zimbabwe today until nearly 2050. Nevertheless, because the Central African Republic’s low inequality means that gains in caloric demand translate more rapidly toward the reduction of hunger, by 2040 only 19 percent of the population is expected to be undernou
	For both countries, COVID’s impact on the prevalence of undernourishment expands slightly by 2040 (a 5.5 percent increase in the Central African Republic and a 1.8 percent increase in Zimbabwe, relative to the No-COVID scenario). For the Central African Republic, this increase is hardly noticeable compared to the significant reduction expected over the coming decades. However, for Zimbabwe, which due to its inequality is projected to reduce undernutrition by only 13 percent between today and 2040, this repr
	Figure 17. Prevalence of undernourishment for the Central African Republic and Zimbabwe under the Current Path and No-COVID scenarios. 
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	Note: CAR = Central Africa Republic, ZIM = Zimbabwe 
	Source: Authors’ calculations. 




	 
	A rise in agricultural production requires investment. Agricultural investment is projected to drop globally and among several world regions by 2040, after an initial rise through 2025 (Figure 18). The only three world regions with projected growth in agricultural investments during that period are Eastern Asia, Southern Asia, and sub-Saharan Africa. However, the economic downturn of COVID-19 is projected to reduce agricultural investment globally, and especially in these three regions, as well as in Latin 
	A rise in agricultural production requires investment. Agricultural investment is projected to drop globally and among several world regions by 2040, after an initial rise through 2025 (Figure 18). The only three world regions with projected growth in agricultural investments during that period are Eastern Asia, Southern Asia, and sub-Saharan Africa. However, the economic downturn of COVID-19 is projected to reduce agricultural investment globally, and especially in these three regions, as well as in Latin 
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	). 

	This reduction in agricultural investment has a dual effect on food security: 1) it limits the transition from an agriculture-based society to a more diversified economy, partly keeping populations in a rural poverty trap, especially in areas projected to make the strongest transition in the next decades, and 2) it drives down expansion of agricultural yields and land under cultivation in regions that need to realize the largest rise in production in order to become self-sufficient. 
	Figure 18: Global agricultural investments for the three scenarios from 2017 to 2040 in billion US$. 
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	Source: Authors’ calculations. 
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	The reduction in economic activity due to the COVID-19 pandemic is projected to reduce investment in agriculture out to 2040, with the largest drop in the most food insecure regions of sub-Saharan Africa, Southern Asia, Latin America and Caribbean, and Southeast Asia. 
	The reduction in economic activity due to the COVID-19 pandemic is projected to reduce investment in agriculture out to 2040, with the largest drop in the most food insecure regions of sub-Saharan Africa, Southern Asia, Latin America and Caribbean, and Southeast Asia. 
	The reduction in economic activity due to the COVID-19 pandemic is projected to reduce investment in agriculture out to 2040, with the largest drop in the most food insecure regions of sub-Saharan Africa, Southern Asia, Latin America and Caribbean, and Southeast Asia. 




	Reductions in agricultural investment have consequences for domestic agricultural production, from land expansion to productivity. Total agricultural land expansion is projected to drop for all world regions because of COVID-19 (
	Reductions in agricultural investment have consequences for domestic agricultural production, from land expansion to productivity. Total agricultural land expansion is projected to drop for all world regions because of COVID-19 (
	Figure 19
	Figure 19

	). In Southern Asia, there is almost no net change projected in agricultural land, with or without COVID-19. In the other world regions, however, agricultural land expansion is projected, with the largest rise in sub-Saharan Africa. COVID-19 slows this agricultural land expansion from 31.9 Million Hectare (MH) in a No-COVID scenario to 29.3 MH and 27.4 MH in the Current Path scenario and Unequal Paths scenario, respectively. 

	Table 4: Cumulative agricultural investments per world region for the period 2020–2040 in billion US$, for the No-COVID (NC), Current Path (CP), and Unequal Paths (UP) scenarios.  
	Region 
	Region 
	Region 
	Region 
	Region 

	Cumulative agricultural investments (2020–2040) in billion US$ 
	Cumulative agricultural investments (2020–2040) in billion US$ 

	Percent decline 
	Percent decline 



	  
	  
	  
	  

	NC 
	NC 

	CP 
	CP 

	UP 
	UP 

	 NC to CP 
	 NC to CP 

	NC to UP 
	NC to UP 


	Eastern Asia 
	Eastern Asia 
	Eastern Asia 

	7,042.4 
	7,042.4 

	7,020.9 
	7,020.9 

	6,802.5 
	6,802.5 

	-0.3 percent 
	-0.3 percent 

	-3.4 percent 
	-3.4 percent 


	Southeast Asia 
	Southeast Asia 
	Southeast Asia 

	1,653.1 
	1,653.1 

	1,553.7 
	1,553.7 

	1,501.0 
	1,501.0 

	-6.0 percent 
	-6.0 percent 

	-9.2 percent 
	-9.2 percent 


	Southern Asia 
	Southern Asia 
	Southern Asia 

	2,938.8 
	2,938.8 

	2,701.2 
	2,701.2 

	2,585.1 
	2,585.1 

	-8.1 percent 
	-8.1 percent 

	-12.0 percent 
	-12.0 percent 


	Oceania 
	Oceania 
	Oceania 

	176.1 
	176.1 

	174.3 
	174.3 

	168.4 
	168.4 

	-1.0 percent 
	-1.0 percent 

	-4.4 percent 
	-4.4 percent 


	Latin America and the Caribbean 
	Latin America and the Caribbean 
	Latin America and the Caribbean 

	733.8 
	733.8 

	691.4 
	691.4 

	669.3 
	669.3 

	-5.8 percent 
	-5.8 percent 

	-8.8 percent 
	-8.8 percent 


	Middle East and North Africa 
	Middle East and North Africa 
	Middle East and North Africa 

	1,211.4 
	1,211.4 

	1,193.8 
	1,193.8 

	1,155.1 
	1,155.1 

	-1.5 percent 
	-1.5 percent 

	-4.7 percent 
	-4.7 percent 


	sub-Saharan Africa 
	sub-Saharan Africa 
	sub-Saharan Africa 

	1,243.7 
	1,243.7 

	1,173.4 
	1,173.4 

	1,114.7 
	1,114.7 

	-5.6 percent 
	-5.6 percent 

	-10.4 percent 
	-10.4 percent 




	Note: The columns at the right show the relative decline in agricultural investments. 
	Source: Authors’ calculations. 
	 
	Figure 19: Change in cropland between 2017–2040 for four world regions, for the three scenarios in Million Hectare. 
	 
	Chart
	Span
	-5
	-5
	-5


	0
	0
	0


	5
	5
	5


	10
	10
	10


	15
	15
	15


	20
	20
	20


	25
	25
	25


	30
	30
	30


	35
	35
	35


	Southeast Asia
	Southeast Asia
	Southeast Asia


	Southern Asia
	Southern Asia
	Southern Asia
	(India+)


	Latin America &
	Latin America &
	Latin America &
	Caribbean


	sub-Saharan Africa
	sub-Saharan Africa
	sub-Saharan Africa


	Million ha of Cropland
	Million ha of Cropland
	Million ha of Cropland


	Span
	No-COVID
	No-COVID
	No-COVID


	Span
	Current Path
	Current Path
	Current Path


	Span
	Unequal Paths
	Unequal Paths
	Unequal Paths


	Span

	Note: Results are only depicted for the four world regions with the largest change in agricultural investment. 
	Source: Authors’ calculations. 
	The other component of the agricultural production system is agricultural productivity, measured as yields per hectare. It varies among world regions because of crop composition, biophysical conditions, and management practices. To assess the management intensity of production among world regions, we focus on yield intensity, the difference between the potential and actual production, which controls for 
	crop types and climatic differences. A yield intensity of one (1) means that production cannot be further increased with currently available management techniques. 
	In sub-Saharan Africa, yield intensities are relatively low, showing potential to further increase yields by optimizing management techniques. In Southern Asia and Latin America, there is wider variation in yield intensities among countries. But on average, yield intensities in those regions are lower than in Canada and the U.S. or Western Europe. In Eastern Asia and in some Southeast Asian countries, yield intensities come close to biophysical maxima, reaching levels like the U.S., Canada, and many Europea
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	Agricultural yields in sub-Saharan are projected to increase over the next two decades, but the region will still perform at a lower level than other regions.  
	Agricultural yields in sub-Saharan are projected to increase over the next two decades, but the region will still perform at a lower level than other regions.  
	Agricultural yields in sub-Saharan are projected to increase over the next two decades, but the region will still perform at a lower level than other regions.  




	Between 2020 and 2040, the rise in yield intensities is projected to be highest in sub-Saharan Africa, but even by 2040 the average yield intensity does not reach the level of Southern Asia today (the region with the second-lowest yield intensities), demonstrating the struggle to increase yields in many African nations (
	Between 2020 and 2040, the rise in yield intensities is projected to be highest in sub-Saharan Africa, but even by 2040 the average yield intensity does not reach the level of Southern Asia today (the region with the second-lowest yield intensities), demonstrating the struggle to increase yields in many African nations (
	Figure 20
	Figure 20

	). The effect of COVID-19 on yield intensities is minimal, with reductions about 0.01 or 1 percentage point. Thus, reductions in agricultural production at the regional level from COVID-19 operate primarily through a reduction in land expansion. 

	The projected shifts in agricultural production make countries in sub-Saharan Africa even more reliant on food imports to meet increasing demands, and further decrease their degree of food self-sufficiency. While food self-sufficiency is not a direct indicator of food security, it is often an indicator of food security risk. Higher food import dependence makes countries more vulnerable to global economic shocks, food trade restrictions, and price fluctuations (as seen in the COVID-19 era), and low-income co
	By 2040, increases in agricultural production cannot, under our projections, keep up with population increases and rising agricultural demand in sub-Saharan Africa and the Middle East and North Africa (
	By 2040, increases in agricultural production cannot, under our projections, keep up with population increases and rising agricultural demand in sub-Saharan Africa and the Middle East and North Africa (
	Figure 21
	Figure 21

	). And almost no country will be food self-sufficient.20 In Southern Asia, Latin America, Southeast Asia, and Eastern Asia, most countries have food self-sufficiency ratios at or below one, with a smaller subset of countries with values above one. Food self-sufficiency ratios above one are observed in Australia and New Zealand, North America, and especially countries in the Commonwealth of Independent States. COVID-19 is changing this pattern only slightly, with most countries experiencing limited effects o

	20 The food self-sufficiency ratio is calculated as the share of total domestic agricultural production relative to total domestic demand. 
	20 The food self-sufficiency ratio is calculated as the share of total domestic agricultural production relative to total domestic demand. 

	P
	P
	Figure
	Note: A value of one (1) indicates full intensity, i.e., current agricultural yields are equivalent to potential yields. Libya is excluded from the analysis throughout the report. 
	Source: Authors’ calculations. 
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	The effects of the COVID-19 pandemic are projected to further drive down food self-sufficiency for some countries in sub-Saharan Africa, Southern Asia, and Latin America, including the Democratic Republic of Congo, India, and Madagascar. 
	The effects of the COVID-19 pandemic are projected to further drive down food self-sufficiency for some countries in sub-Saharan Africa, Southern Asia, and Latin America, including the Democratic Republic of Congo, India, and Madagascar. 
	The effects of the COVID-19 pandemic are projected to further drive down food self-sufficiency for some countries in sub-Saharan Africa, Southern Asia, and Latin America, including the Democratic Republic of Congo, India, and Madagascar. 




	Overall, by 2040, the world is projected to produce enough food to eradicate hunger, and country-level food availability from domestic production and trade is sufficient to meet demand. Irrespective of COVID-19, the world is projected to increase agricultural demand and food production. Increases in land under cultivation and yield intensity drive rising food production, especially in Southern Asia and sub-Saharan Africa. However, the rapid rise in populations means that sub-Saharan Africa will experience d
	The top panel in Figure 21 depicts the food self-sufficiency ratio in 2040 for the COVID-19 Current Path scenario. The bottom panel depicts the change in food self-sufficiency in 2040, between a No-COVID scenario and the Current Path scenario, for all countries that are not food self-sufficient in 2040. Libya is excluded from all analyses in the report. 
	Figure 21: Food self-sufficiency ratio in 2040, Current Path scenario (top panel) and change in food self-sufficiency ratio in 2040 between the No-COVID and the Current Path scenario (bottom panel). 
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	Source: Authors’ calculations. 
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	5.3 COVID-19 and food utilization to 2040 
	Food utilization is an important contributor to food security, especially for children. It relates to household income and caloric demand, in combination with broader indicators of household environments and general human development in countries, such as safe access to WATSAN, health care access, and parental, and especially, maternal education. The previous section already looked at progress in calories per capita, so here we primarily focus on progress in education and access to WATSAN. Dietary quality i
	Food utilization is an important contributor to food security, especially for children. It relates to household income and caloric demand, in combination with broader indicators of household environments and general human development in countries, such as safe access to WATSAN, health care access, and parental, and especially, maternal education. The previous section already looked at progress in calories per capita, so here we primarily focus on progress in education and access to WATSAN. Dietary quality i
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	School closures result in immediate learning losses, but the effects on economic growth and human development manifest over time. 
	School closures result in immediate learning losses, but the effects on economic growth and human development manifest over time. 
	School closures result in immediate learning losses, but the effects on economic growth and human development manifest over time. 




	The effects of COVID-19 on these indicators are both direct and longer-term. School closures result in immediate learning losses. Slower economic growth, reduced household income, and reduced government spending create longer-term effects on education and access to WATSAN. These effects take time to manifest. COVID-19 is not impacting WATSAN infrastructure directly, but reduced government spending on such infrastructure will limit general progress for this indicator over time. Education losses are direct fo
	Figure 22: Secondary education completion for adults (15+) at the world level. 
	 
	Chart
	Span
	38
	38
	38


	40
	40
	40


	42
	42
	42


	44
	44
	44


	46
	46
	46


	48
	48
	48


	50
	50
	50


	52
	52
	52


	2017
	2017
	2017


	2018
	2018
	2018


	2019
	2019
	2019


	2020
	2020
	2020


	2021
	2021
	2021


	2022
	2022
	2022


	2023
	2023
	2023


	2024
	2024
	2024


	2025
	2025
	2025


	2026
	2026
	2026


	2027
	2027
	2027


	2028
	2028
	2028


	2029
	2029
	2029


	2030
	2030
	2030


	2031
	2031
	2031


	2032
	2032
	2032


	2033
	2033
	2033


	2034
	2034
	2034


	2035
	2035
	2035


	2036
	2036
	2036


	2037
	2037
	2037


	2038
	2038
	2038


	2039
	2039
	2039


	2040
	2040
	2040


	Percentage of population, 15+
	Percentage of population, 15+
	Percentage of population, 15+


	Span
	No-COVID Female
	No-COVID Female
	No-COVID Female


	Span
	No-COVID Male
	No-COVID Male
	No-COVID Male


	Span
	Current Path Female
	Current Path Female
	Current Path Female


	Span
	Current Path Male
	Current Path Male
	Current Path Male


	Span
	Unequal Paths Female
	Unequal Paths Female
	Unequal Paths Female


	Span
	Unequal Paths Male
	Unequal Paths Male
	Unequal Paths Male


	Span

	Note: We make a distinction between female and male adult education completion rates for the three scenarios 
	Source: Authors’ calculations. 
	Higher levels of education, particularly of females, are development goals in and of themselves, with positive forward synergies for broader human development. Secondary education levels have risen significantly in the last half century, with progress in North America, Europe, and the Commonwealth of Independent States from below 10 percent to over 70 percent of the adult population by 2015. In other world regions, progress has been less pronounced, with values remaining below 50 percent. In 2019, upper sec
	is likely to be much more subdued, with values not reaching above 50 percent of of-age children by 2040. 
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	There are strong differences in secondary education completion between adult males and females and between world regions in 2020, with Southern Asia and sub-Saharan African only partly closing these gaps out to 2040. 
	There are strong differences in secondary education completion between adult males and females and between world regions in 2020, with Southern Asia and sub-Saharan African only partly closing these gaps out to 2040. 
	There are strong differences in secondary education completion between adult males and females and between world regions in 2020, with Southern Asia and sub-Saharan African only partly closing these gaps out to 2040. 




	Secondary education completion in 2020 is lower for females (Current Path scenario: 41.3 percent) than it is for males (Current Path scenario: 45.3 percent) (
	Secondary education completion in 2020 is lower for females (Current Path scenario: 41.3 percent) than it is for males (Current Path scenario: 45.3 percent) (
	Figure 22
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	). Over time, rising levels of education for girls results in a gradual closing of the gap between male and female education by 2040, irrespective of COVID-19. While all world regions show progress on secondary education completion for children, there is a strong difference between initial starting conditions (
	Figure 23
	Figure 23

	). This slowdown in secondary education completion due to COVID-19 will slow progress in both male and female adult education levels. 

	Figure 23: Upper secondary completion rates for of-age children among world regions for the Current Path scenario. 
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	Note: Only results for world regions with less than 90% of upper secondary completion rates are depicted. 
	Source: Authors’ calculations. 
	COVID-19 is projected to reduce the size of economies and increase government debt. Consequently, expenditures on education are estimated to drop in 2020 and out to 2040. These effects are most pronounced in sub-Saharan Africa, Southeast Asia, and Southern Asia (Table 5). 
	A similar pattern is observed for access to water and sanitation. Given that both water and sanitation indicators follow similar trends, we focus here on access to improved sanitation21. At the global level, 
	21 The IFs model follows the joint monitoring program for water supply, sanitation, and hygiene from WHO and UNICEF (
	21 The IFs model follows the joint monitoring program for water supply, sanitation, and hygiene from WHO and UNICEF (
	21 The IFs model follows the joint monitoring program for water supply, sanitation, and hygiene from WHO and UNICEF (
	https://washdata.org/monitoring/sanitation
	https://washdata.org/monitoring/sanitation

	). Improved sanitation is everything at or above limited access to sanitation. 


	the population with access to improved sanitation is projected to rise from about 74.8 percent in 2020 to 84.7 percent in 2040 in the Current Path scenario (
	the population with access to improved sanitation is projected to rise from about 74.8 percent in 2020 to 84.7 percent in 2040 in the Current Path scenario (
	Figure 24
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	). This rise comes on top of rapid progress since 2000, up from 55.2 percent that year to 73.6 percent in 2017, driven by rapid progress in Southern Asia and Eastern Asia, with considerably less progress over that period in sub-Saharan Africa.  

	Box 3: COVID-19 and dietary quality 
	Box 3: COVID-19 and dietary quality 
	Box 3: COVID-19 and dietary quality 
	Box 3: COVID-19 and dietary quality 
	Box 3: COVID-19 and dietary quality 
	Food security is multidimensional, dependent on both caloric intake and a diverse and healthy diet. In this report we focus on measures of caloric intake, given limitations on both the availability of data on dietary quality and on modeling frameworks to project dietary quality over longer periods of time.  
	The COVID-19 pandemic threatens progress on dietary quality both immediately and in the long term. Emerging evidence suggests that COVID-19 is negatively affecting dietary quality. Phone surveys of households in Burkina Faso, Nigeria, and Ethiopia suggest that dietary diversity in those countries, measured as the number of food groups consumed, has decreased as a consequence of COVID-19 (Madzorera et al. 2021). Similarly, model projections suggest that changes in household income and food prices have result
	Projecting dietary diversity and quality over multi-decadal time horizons is challenging, but we can derive important knowledge from the current analysis. In recent years, data series from UNICEF have become available on the use of Vitamin A supplements and iodine consumption. These could provide the basis for analysis on long-term drivers of micronutrient deficiencies among countries and over time. Agricultural forecasting platforms have begun to project the long-term share of meat and vegetables in global
	Clearly, more work is needed to be able to better project changes in long-term dietary quality and diversity, with and without COVID-19. But recent developments in data collection coupled with emerging insights from this analysis provide an opportunity to do so. These initial results strongly suggest that COVID-19 is likely to negatively affect dietary diversity and quality in the long term, relative to a world without COVID-19.   




	 
	Table 5: Effect of COVID-19 on education variables among world regions in 2040. We report results among different world regions for the No-COVID (NC), Current Path (CP), and Unequal Paths (UP) scenarios. 
	 Region 
	 Region 
	 Region 
	 Region 
	 Region 

	Education expenditures  (Billion US$/ percent (%) Change) 
	Education expenditures  (Billion US$/ percent (%) Change) 

	Lower secondary completion (percent of of-age children) 
	Lower secondary completion (percent of of-age children) 

	Upper secondary completion (percent of of-age children) 
	Upper secondary completion (percent of of-age children) 

	Average years of adult education (ages 15-24) 
	Average years of adult education (ages 15-24) 



	TBody
	 Scenario 
	 Scenario 
	 Scenario 

	NC 
	NC 

	CP 
	CP 

	UP 
	UP 

	NC 
	NC 

	CP 
	CP 

	UP 
	UP 

	NC 
	NC 

	CP 
	CP 

	UP 
	UP 

	NC 
	NC 

	CP 
	CP 

	UP 
	UP 


	Southeast Asia 
	Southeast Asia 
	Southeast Asia 

	229.3 
	229.3 

	-8.6% 
	-8.6% 

	-15.0% 
	-15.0% 

	90.0% 
	90.0% 

	88.5% 
	88.5% 

	87.5% 
	87.5% 

	73.0% 
	73.0% 

	71.2% 
	71.2% 

	70.1% 
	70.1% 

	10.4 
	10.4 

	10.3 
	10.3 

	10.3 
	10.3 


	Southern Asia 
	Southern Asia 
	Southern Asia 

	504.1 
	504.1 

	-13.2% 
	-13.2% 

	-21.1% 
	-21.1% 

	77.9% 
	77.9% 

	76.2% 
	76.2% 

	75.1% 
	75.1% 

	63.0% 
	63.0% 

	61.0% 
	61.0% 

	59.7% 
	59.7% 

	10.3 
	10.3 

	10.2 
	10.2 

	10.2 
	10.2 


	Oceania 
	Oceania 
	Oceania 

	123.0 
	123.0 

	0.0% 
	0.0% 

	-7.8% 
	-7.8% 

	93.6% 
	93.6% 

	93.3% 
	93.3% 

	92.9% 
	92.9% 

	93.8% 
	93.8% 

	93.3% 
	93.3% 

	92.3% 
	92.3% 

	10.9 
	10.9 

	10.9 
	10.9 

	10.8 
	10.8 


	Latin America and the Caribbean 
	Latin America and the Caribbean 
	Latin America and the Caribbean 

	356.7 
	356.7 

	-2.6% 
	-2.6% 

	-14.9% 
	-14.9% 

	86.4% 
	86.4% 

	84.9% 
	84.9% 

	83.8% 
	83.8% 

	72.6% 
	72.6% 

	70.8% 
	70.8% 

	69.5% 
	69.5% 

	10.6 
	10.6 

	10.5 
	10.5 

	10.5 
	10.5 


	Middle East and North Africa 
	Middle East and North Africa 
	Middle East and North Africa 

	406.5 
	406.5 

	-7.0% 
	-7.0% 

	-13.2% 
	-13.2% 

	88.4% 
	88.4% 

	87.2% 
	87.2% 

	86.3% 
	86.3% 

	72.9% 
	72.9% 

	71.5% 
	71.5% 

	70.4% 
	70.4% 

	10.0 
	10.0 

	10.0 
	10.0 

	9.9 
	9.9 


	sub-Saharan Africa 
	sub-Saharan Africa 
	sub-Saharan Africa 

	256.3 
	256.3 

	-10.8% 
	-10.8% 

	-20.7% 
	-20.7% 

	56.2% 
	56.2% 

	54.9% 
	54.9% 

	53.5% 
	53.5% 

	40.1% 
	40.1% 

	39.0% 
	39.0% 

	37.6% 
	37.6% 

	8.4 
	8.4 

	8.3 
	8.3 

	8.3 
	8.3 




	Source: Authors’ calculations. 
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	The population of the sub-Saharan region with access to improved sanitation is projected to increase from 33.1 percent in 2020 to 53.4 percent in 2040. However, even with such progress, the region would lag Southern Asia, where 62.5 percent of the population had access to improved sanitation in 2020. 
	The population of the sub-Saharan region with access to improved sanitation is projected to increase from 33.1 percent in 2020 to 53.4 percent in 2040. However, even with such progress, the region would lag Southern Asia, where 62.5 percent of the population had access to improved sanitation in 2020. 
	The population of the sub-Saharan region with access to improved sanitation is projected to increase from 33.1 percent in 2020 to 53.4 percent in 2040. However, even with such progress, the region would lag Southern Asia, where 62.5 percent of the population had access to improved sanitation in 2020. 




	 
	Like COVID-19s impact on education, the impacts of the pandemic on sanitation manifest not as a sudden shock but rather as a gradual downturn in access to improved sanitation, relative to a No-COVID scenario. Among the world regions, sub-Saharan Africa stands out with 33.1percent of the population having access to improved sanitation in 2020, rising to 53.4 percent by 2040. This is still considerably below the level of Southern Asia in 2020 (62.5 percent in 2020). 
	 
	Figure 24: Access to improved sanitation for the world for the three scenarios. 
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	Source: Authors’ calculations. 
	Rising government debt because of COVID-19 is projected to put additional constraints on government finances, slowing progress in access to improved sanitation, as well as reducing investment in education and a causing a general slowdown of economic growth. The world is projected to have made less progress in 2040 on these indicators, relative to a No-COVID scenario. The most striking effects of COVID-19 on sanitation are projected in sub-Saharan Africa, with access to sanitation in 2040 dropping by -2.5 to
	Rising government debt because of COVID-19 is projected to put additional constraints on government finances, slowing progress in access to improved sanitation, as well as reducing investment in education and a causing a general slowdown of economic growth. The world is projected to have made less progress in 2040 on these indicators, relative to a No-COVID scenario. The most striking effects of COVID-19 on sanitation are projected in sub-Saharan Africa, with access to sanitation in 2040 dropping by -2.5 to
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	 gives an overview of the top 10 countries in which COVID-19 reduces access to improved sanitation. Seven are in sub-Saharan Africa and Southern Asia. The lowest percentage of people with access to improved sanitation live in sub-Saharan Africa. 

	Figure 25: Access to improved sanitation to 2040 among world regions under the Current Path scenario. 
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	Note: Only results for region with less than 90% of the population with access to improved sanitation are depicted. 
	Source: Authors’ calculations. 
	Overall, COVID-19 is affecting drivers of food utilization by lowering access to sanitation, education completion, and adult education years, as well as by lowering caloric consumption per capita. An important difference between the effects of food utilization, compared to availability and access, is that most of the impacts do not manifest directly but only over time. 
	These results clearly indicate that the impact of COVID-19 on human development is unlikely to cease after the virus has been contained. Moreover, these results also provide directions for policy development to reduce the effect of COVID-19 on food utilization and child stunting, and, more importantly, to reduce overall child stunting. Countries in sub-Saharan Africa are faced with a combination of challenges to improving education, access to WATSAN, and caloric demand. But the slow onset of some of these e
	P
	Table 6: Effect of COVID-19 on access to improved sanitation by 2040.  
	Indicator 
	Indicator 
	Indicator 
	Indicator 
	Indicator 

	Access to improved sanitation in 2040 (percent of population) 
	Access to improved sanitation in 2040 (percent of population) 

	Access to improved sanitation in 2040 (millions of people) 
	Access to improved sanitation in 2040 (millions of people) 



	TBody
	 Country 
	 Country 
	 Country 

	NC 
	NC 

	CP 
	CP 

	COVID-19 Effect  (Absolute difference) 
	COVID-19 Effect  (Absolute difference) 


	Ethiopia 
	Ethiopia 
	Ethiopia 

	54.0% 
	54.0% 

	49.4% 
	49.4% 

	-8.2 
	-8.2 


	India 
	India 
	India 

	99.3% 
	99.3% 

	98.8% 
	98.8% 

	-7.8 
	-7.8 


	China 
	China 
	China 

	99.0% 
	99.0% 

	98.7% 
	98.7% 

	-5.1 
	-5.1 


	Mozambique 
	Mozambique 
	Mozambique 

	75.0% 
	75.0% 

	65.0% 
	65.0% 

	-5.0 
	-5.0 


	Nigeria 
	Nigeria 
	Nigeria 

	53.2% 
	53.2% 

	52.1% 
	52.1% 

	-3.8 
	-3.8 


	Pakistan 
	Pakistan 
	Pakistan 

	66.4% 
	66.4% 

	65.2% 
	65.2% 

	-3.3 
	-3.3 


	Myanmar 
	Myanmar 
	Myanmar 

	72.9% 
	72.9% 

	68.4% 
	68.4% 

	-2.9 
	-2.9 


	Yemen 
	Yemen 
	Yemen 

	72.0% 
	72.0% 

	64.9% 
	64.9% 

	-2.7 
	-2.7 


	Venezuela, Bolivarian Republic 
	Venezuela, Bolivarian Republic 
	Venezuela, Bolivarian Republic 

	77.3% 
	77.3% 

	68.9% 
	68.9% 

	-2.7 
	-2.7 


	Madagascar 
	Madagascar 
	Madagascar 

	35.7% 
	35.7% 

	29.8% 
	29.8% 

	-2.4 
	-2.4 




	Note: The table provides an overview of the ten most affected countries in absolute numbers. However, note that nearly 100 percent of the population in India and China is projected to have access to improved sanitation in 2040, far greater than in countries in sub-Saharan Africa. 
	Source: Authors’ calculations. 
	 
	6. Contextualizing COVID-19 relative to other long-term risks to food security 
	COVID-19 will affect food security indicators, not only today but in the future. Our analysis projects that, in 2040, COVID-19 increases extreme poverty, prevalence of undernourishment, and child stunting, relative to a world without the pandemic. While these impacts are significant, it may be difficult for readers to contextualize the impact of COVID-19 on food security. To begin to provide context, we analyze two other well-known risk factors related to the future of food security: conflict and climate ch
	6.1 Climate change as a driver of food insecurity 
	   Climate change 
	   Climate change 
	   Climate change 
	   Climate change 
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	Figure


	Climate change will impact all pillars of food security, directly or indirectly. 
	Climate change will impact all pillars of food security, directly or indirectly. 
	Climate change will impact all pillars of food security, directly or indirectly. 




	Climate change will directly and indirectly impact all three pillars of food security: supply, accessibility, and utilization. Most literature focuses on the supply and access dimension of food security, while studies linking climate change with utilization are more limited. Our review highlights the following general findings on the relationship between climate change and food security: 
	•Food availability is threatened by projected reductions in yields and land suitable for agriculturefor major crops. However, while the food availability pathway has received most attention withinthe literature, uncertainty associated with CO2-fertilization remains large and could result inpotential increases in food production from climate change, especially in particular countries orregions, compared to a scenario without climate change.
	•Food availability is threatened by projected reductions in yields and land suitable for agriculturefor major crops. However, while the food availability pathway has received most attention withinthe literature, uncertainty associated with CO2-fertilization remains large and could result inpotential increases in food production from climate change, especially in particular countries orregions, compared to a scenario without climate change.
	•Food availability is threatened by projected reductions in yields and land suitable for agriculturefor major crops. However, while the food availability pathway has received most attention withinthe literature, uncertainty associated with CO2-fertilization remains large and could result inpotential increases in food production from climate change, especially in particular countries orregions, compared to a scenario without climate change.

	•Climate-induced effects on food availability and household income stem from both long-termreductions in agricultural production and weather volatility that can disrupt production.
	•Climate-induced effects on food availability and household income stem from both long-termreductions in agricultural production and weather volatility that can disrupt production.

	•Climate change risks increasing disease spread and food-borne diseases, further challengingdevelopment in food utilization.
	•Climate change risks increasing disease spread and food-borne diseases, further challengingdevelopment in food utilization.

	•Climate change does not have a distribution neutral effect on food security but is likely to havethe most pronounced effects on food availability, access, and utilization in today’s most foodinsecure regions of the world.
	•Climate change does not have a distribution neutral effect on food security but is likely to havethe most pronounced effects on food availability, access, and utilization in today’s most foodinsecure regions of the world.


	6.1.1 Climate change and food availability 
	   Analytical insight 
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	Figure


	The impact of climate change on global food production is difficult to estimate until consensus is reached related to the role of CO2-fertilization and its consideration in food production analysis. 
	The impact of climate change on global food production is difficult to estimate until consensus is reached related to the role of CO2-fertilization and its consideration in food production analysis. 
	The impact of climate change on global food production is difficult to estimate until consensus is reached related to the role of CO2-fertilization and its consideration in food production analysis. 




	Climate change is likely to adversely impact global food production, though this relationship is uncertain due to a lack of consensus regarding the role of CO2-fertilization (Janssens et al. 2020a; Liu et al. 2016; Tai, Martin, and Heald 2014; Zhao et al. 2017). Rising temperatures, changing precipitation patterns, and extreme weather events threaten suitable growing conditions, particularly in the poorest, most food insecure regions of the world. For example, Tai et al. (2014) project climate change will r
	However, the effects of climate change on crop production depend significantly on whether researchers account for CO2 -fertilization. The CO2-fertilization effect suggests that an increase in atmospheric CO2-concentrations may promote water use efficiency and stimulate photosynthesis for C3 
	crops (wheat, rice, and soybean) possibly leading to an increase in food production under climate change. However, considerable debate still exists regarding the impact of CO2-fertilization over time and among crop types (Hasegawa et al., 2018; Mcgrath and Lobell, 2013). This uncertainty is important, with studies suggesting that climate change, along with CO2-fertilization, could increase crop production and reduce undernourishment (Baldos and Hertel 2015). 
	Climate change doesn’t just impact agricultural production over time but also the year-to-year volatility of production. Extreme weather events, particularly droughts and flooding, threaten short-term food supplies, compounding the risk of food insecurity in the poorest and most food insecure regions of the world (Anderson, Bayer, and Edwards 2020; FAO et al. 2020; Janssens et al. 2020a; Kogo, Kumar, and Koech 2021). The sensitivity to temperature extremes varies among crops and world regions. Maize yields,
	6.1.2 Climate change and food access 
	Climate change affects economic food access by changing patterns of economic growth, food prices, and distribution of income. Nordhaus (2018) estimates a 2.1 percent loss of global income with a 3-degree Celsius rise in global temperature and an 8.5 percent loss of global income with 6-degree rise, assuming limited changes in climate mitigation policies. 
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	These effects operate through the agricultural economy and more broadly through impacts on labor productivity (Kjellstrom et al. 2009). These effects are expected to be most pronounced in developing countries, where a majority of the population relies on agriculture for income (Fischer et al. 2002; Nelson et al. 2010; Schmidhuber and Tubiello 2007). On average, agriculture in low-income countries constitutes 22 percent of total gross domestic product (GDP), compared to only 1 percent in high-income countrie
	Climate change will affect overall economic growth as well as the distribution of income within these regions. Globally, more people live in poverty in rural than in urban areas. They often have limited access to markets, rely on subsistence farming, and have household incomes that are at least partly dependent on agriculture. Climate-induced shocks can reduce food access for this group by simultaneously reducing food availability and decreasing household incomes, even as food prices rise. To further unders
	pathway linking climate change to food access and undernourishment is closely tied to changes in household income, food prices, and poverty trends. Climate change is expected to affect household income across the entire population, but communities dependent on agriculture will be affected simultaneously by changes in agricultural production and by changes in food prices. 
	6.1.3 Climate change and food utilization 
	The last dimension of food security, utilization, is expected to increase the incidence of water- and food-borne illness alongside rising temperatures. A growing body of research indicates that higher temperatures  associated with climate change raise the risk of diarrheal disease, malaria, and cholera in regions with insufficient sanitation and water management systems (Ebi 2008; Kolstad and Johansson 2011; Schmidhuber and Tubiello 2007). For example, in 2030, climate change could lead to a three percent i
	In addition, rising daily temperatures may increase the risk of food poisoning and food-borne pathogens (Hellberg and Chu 2015; Intergovernmental Panel on Climate Change 2007; Mbow et al. 2019). All of these factors hinder a population’s ability to safely and effectively use their food (Schmidhuber and Tubiello 2007). As with the other two dimensions of food security (supply and accessibility), these effects are most salient in the poorest areas of the world, highlighting the importance of regionally concen
	6.2 Overview of conflict as a driver of food insecurity 
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	Whereas much climate change literature is based on scenarios and forward-looking analysis, the literature on conflict and food security is based primarily on historical examples. These case studies provide valuable insight into how conflict impacts food availability, access, and utilization. Studies projecting future conflict-induced food insecurity are scarce, and most projections rely on theoretical links, with only a few quantifying the impact of future conflict on food insecurity. Overall, the pathways 
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	• Conflict also disproportionately impacts children, with increases in all forms of child malnutrition. Moreover, children are affected by education losses and are particularly vulnerable to the spread of disease. These effects are often not limited to the duration of the conflict. 

	• Displaced populations are another group disproportionately affected by conflict who experience acute food insecurity and longer-term impacts on agricultural production and economic welfare, relative to non-displaced populations. 
	• Displaced populations are another group disproportionately affected by conflict who experience acute food insecurity and longer-term impacts on agricultural production and economic welfare, relative to non-displaced populations. 


	6.2.1 Conflict and food availability 
	Overall, data shows that conflict negatively affects food availability during ongoing hostilities and continues even after hostilities stop. The threat of conflict can be enough to negatively affect food availability. Before a conflict occurs, the threat of violence can change crop and livestock portfolios (Rockmore 2015). A study off 690,000 households in Uganda found that farmers living under the threat of violence tended to shift to low-risk seasonal crops. Crops like fruits and vegetables, which have sh
	During a conflict, food sieges, looting, theft, and violence can decimate local crop yields (Martin-Shields and Stojetz 2019; Messer, Cohen, and D’Costa 1998; Messer and Cohen 2015). Farming populations are reduced through active participation in the conflict, through attacks and enslavement, or through forced migration, abandoning the land. Another way in which conflict reduces food availability is by affecting agricultural imports. Conflict can result in border closures, while airports and seaports are of
	Because of reductions in labor, human capital, reduced investment, unraveling of local to national institutions, and damage to infrastructure, the long-lasting effects of conflict on agricultural production continue even after conflict ceases. This is especially true for populations directly impacted by violence. For example, in Burundi, caloric intake among the population forced to flee violence decreased by six percent over that of  the non-displaced population after the Burundian civil war (Verwimp and M
	6.2.2 Conflict and food access 
	Conflict impacts the physical and economic dimensions of food access, with the most pronounced effects on women and children (Ayala and Meier 2017; Ibañez and Moya 2010; United Nations Security Council. 2002). Civilians are unable to compete with “men with guns” and armed forces can deprive women and children of food even when resources are abundant (Messer and Cohen 2015). Market and transport systems are destroyed in conflict, isolating conflict zones from physical food supplies and aid and challenging th
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	Conflict affects both physical and economic food access, with a disproportionate impact on children and women. 
	Conflict affects both physical and economic food access, with a disproportionate impact on children and women. 
	Conflict affects both physical and economic food access, with a disproportionate impact on children and women. 




	The economic consequences of conflict also contribute to worsening poverty levels and related constraints on food access. Conflict-affected countries experience downturns in GDP per capita and government resources tend to be allocated to the military rather than to on social services (Gates et al. 2012a). Reduced spending on education, health, and infrastructure leads to a decline in socioeconomic development and higher levels of poverty. Interestingly, this effect is irrespective of the duration of the con
	Once again, these negative effects tend to be most concentrated among women and children. Child malnutrition, wasting, and stunting tend to be strongly affected by conflict, and rising levels of child malnutrition today can have long-term effects on cognitive and physical development. As men participate in armed conflict, women are expected to provide food for their households. However, women often lack property rights and financial independence, restricting their economic access to food during wartime (Aya
	6.2.3 Conflict and food utilization 
	Conflict also interferes with food utilization, creating long-term public health crises. Worsening dietary diversity and nutritional availability negatively impacts food utilization during and after a conflict. As described by Rockmore (2015), the threat of conflict results in a shift to low-risk crops, worsening the availability of micronutrients and proteins. Dietary diversity in conflict zones and emergency camps also diminishes during war, one mechanism by which conflict increases the incidence of malnu
	refugee context in  Kenya revealed that livelihoods and refugee training programs requiring daily attendance over few hours typically provided “high carbohydrate foods- such as baked goods, tea, and/or soft drinks,” which often lack adequate protein and nutrients needed for supporting engagement, attention, and general performance (RTAC and USAID 2020, 5). Additionally, the destruction of public health systems as well as unhygienic conditions in emergency camps can worsen food utilization, perpetuating a cy
	Malnutrition and stress in emergency camps compromise the immune systems of people living in them. At the same time, epidemic diseases are more likely to spread as a result of “crowding, bad water, and poor sanitation in camps” (Ghobarah, Huth, and Russett 2003, 192). Epidemiological research in conflict regions shows higher mortality rates from disease than combat (Degomme and Guha-Sapir 2010; Gates et al. 2012a). Yip and Sharp (1993) found that 12 percent of Kurdish refugee infants died during the first t
	Nutritional deprivation and disease from conflict has long-lasting consequences on health outcomes. In a study of the effects of the Nigerian Civil War of 1967 to 1970, Akresh et al. (2012) found that exposure to conflict during early childhood and adolescence had an impact on adult stature four decades after the conflict came to an end. The effects were most pronounced for women exposed to conflict during adolescence (13–16 years old). On average, this group is 4.54 cm shorter in stature than non-exposed w
	Other long-term effects of conflict on food utilization can materialize through reduced education and access to WATSAN. Conflict can result in physical damage to infrastructure, including roads, bridges, schools, and water and sanitation infrastructure, leading to reduced access to education and WATSAN during and after a conflict. Education losses tend to be persistent over time. Conflict and reduced economic growth tend to affect government finances, resulting in both an overall reduction and a reallocatio
	6.3 The conflict-climate-food security nexus 
	Food security, conflict, and climate change interact in dynamic ways, and separating individual effects without acknowledging the feedback loops between these systems provides only a partial perspective. In recent years, researchers have begun to study the nexus of climate, conflict, and food security, with increasing focus on climate change and climate-induced food insecurity as a potential driver of conflict. Results of these studies vary considerably, and it is difficult to draw firm conclusions of a cau
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	Food security, conflict, and climate change interact in dynamic ways, and separating individual effects without acknowledging the feedback loops between these systems only provides a partial perspective. There is a general consensus, however, that climate change will amplify conflict risk in regions, with some existing risk factors including high agricultural dependency, low levels of economic development, and evidence of political marginalization. 
	Food security, conflict, and climate change interact in dynamic ways, and separating individual effects without acknowledging the feedback loops between these systems only provides a partial perspective. There is a general consensus, however, that climate change will amplify conflict risk in regions, with some existing risk factors including high agricultural dependency, low levels of economic development, and evidence of political marginalization. 
	Food security, conflict, and climate change interact in dynamic ways, and separating individual effects without acknowledging the feedback loops between these systems only provides a partial perspective. There is a general consensus, however, that climate change will amplify conflict risk in regions, with some existing risk factors including high agricultural dependency, low levels of economic development, and evidence of political marginalization. 




	There is a general consensus, however, that climate change will amplify conflict risk in regions, with some existing risk factors including high agricultural dependency, low levels of economic development, and evidence of political marginalization (Koubi 2019; Raleigh 2010; Buhaug, Gleditsch, and Magnus 2008; Bernauer, Böhmelt, and Koubi 2012). Several large-scale empirical studies have attempted to capture the effects of long-term climate change by analyzing the impact of mean temperature changes on confli
	However, the literature generally warns against overstating the impact and causality on conflict of climate change and the environment. While climate change may exacerbate human conflict risks, relative to a world without climate change, this does not occur in isolation (Bernauer, Böhmelt, and Koubi 2012; 2012; Buhaug, Gleditsch, and Magnus 2008; M. B. Burke et al. 2009; Raleigh 2010; Raleigh and Urdal 2007; Salehyan 2008). Raleigh (2010) and Ide et al. (2014) examined conflict incidence in Africa and deter
	6.4 Projecting the future of climate change and conflict. 
	To this point, this report has assessed the impact of various disruptive trends on food security. A direct comparison across these alternative risk factors remains difficult to summarize. To contextualize the impact of these drivers on food security it is necessary to review our understanding of how we expect these factors to unfold over time. Here we provide an overview of estimates from literature, specifically focusing on studies that provide long-term projections. 
	We begin by outlining how different studies have presented the future of climate change and conflict, highlighting the significant bounds of uncertainty and drivers relevant for each. We use the three outcome indicators studied previously to compare the different pathways whereby conflict, climate change, and COVID-19 affect development, undernourishment, child stunting, and extreme poverty. 
	6.4.1 The future of climate change 
	A standardized approach to forecasting climate change uses RCP, a greenhouse gas concentration trajectory adopted by the Intergovernmental Panel on Climate Change (van Vuuren et al. 2011). These alternative scenarios describe climate change futures with radiative forcing varying from 2.6 to 8.5 W/m2 through the year 2100. These radiative forcing levels stem from alternative emission futures from industry and land use, with RCP 2.6 accounting for extensive mitigation measures. These RCP scenarios represent a
	These climate change pathways are exogenously prescribed to crop growth and integrated assessment models with varying assumptions across these models on the impact of climate change on yields, land, and consequently, food security. As such these climate change projections primarily focus on the biophysical, food availability aspects of climate change to food security, although in recent years more attention has been given to the forward effects on food prices and dimensions of food access. A crucial assumpt
	Figure 26: Change in global average surface temperature across different RCP scenarios, according to the IPCC 2015 assessment report (AR5). 
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	Figure
	Source: Intergovernmental Panel on Climate Change (2015). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. 
	Additional uncertainty is associated with the extent of climate change. The future impact of RCP on temperature change is broad, with RCP 8.5 leading to an average change of 4 degrees centigrade by 2100 (
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	). RCP 2.6, on the other hand, retains average surface temperatures at their same level. The future impact of climate change, while an ongoing and real phenomenon, is characterized by deep uncertainty. 

	6.4.2 The future of conflict 
	A few key themes emerge when evaluating literature on future conflict. Historical conflict incidence and projected socioeconomic development trends are significant determinants of future conflict risk. Long-term conflict forecasts are characterized by uncertainty, making projecting conflict difficult. 
	Country-level history with conflict is one of the greatest drivers of future conflict. Hughes, Joshi, Moyer, Sisk, and Solórzano (2014) note a 60 percent carryover of past conflict levels to current ones, concluding that “conflict tends to beget conflict.” Development trends are another frequently cited factor in conflict risk. Hegre et al. (2016) conclude that socioeconomic futures with high investment in poverty alleviation and human capital lead to greater stability, particularly in developing countries.
	Figure 27: Projected share of countries with conflict to the year 2100 for the world and world regions according to Hegre et al (2016).  
	 
	Figure
	Note: Individual lines depict scenarios, and shaded areas represent uncertainty intervals.  
	Source: (Hegre et al. 2016). 
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	Very few studies exist that project conflict into the future, let alone the effects thereof on extreme poverty, undernourishment and child stunting. Historical conflict incidence and projected socioeconomic development trends are significant determinants of future conflict risk. 
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	Structural pressures, including regime type and horizontal inequalities (ethnic, religious, or racial group inequality), explain why some countries may experience political instability. A significant body of literature cites horizontal inequalities and group-level discrimination as drivers of instability (Cederman, Weidmann, and Gleditsch 2011; Østby et al. 2011; F. Stewart 2005). Additionally, regime types may influence regional conflict risk. Regimes combining autocratic and democratic features and democra
	It is important to note that structural pressures are not inherent drivers or predictors of political instability. Regions that appear to have similar risk factors on the surface may diverge and experience vastly different futures. Development, inequality, and governance dimensions interact in complex ways and vary considerably across regions, making it difficult to determine a unified set of indicators (Bello-Schünemann and Moyer 2018). Thus it is difficult to predict conflict, and current forecasts are ch
	The future distribution of internal conflict shows significant uncertainty with much regional differentiation. Hegre et al. (2016) project that regions such as East Africa, West Africa, Middle East and North Africa, and Central/South Asia are likely to experience the widest range of uncertainty through the end of the century, with some scenarios driving up conflict considerably and other scenarios reducing the likelihood of conflict (Figure 27). Other regions show persistently greater low levels of conflict
	6.5 Linking climate change and conflict to outcome indicators 
	Throughout this report we have used three outcome indicators to better understand the effect of COVID-19 on food security: levels of undernutrition, stunting, and poverty. This reflects an understanding of food security that cuts across different dimensions of development and focuses primarily on the impact on the most vulnerable populations. In this section, we explore how climate change and conflict are likely to impact these areas as well. While a direct comparison of each risk factor’s contribution to v
	6.5.1 Climate change to poverty 
	There is a consensus that climate change directly and indirectly changes levels of poverty, though there are no comprehensive studies that quantify the effects. Natural disasters, agricultural disturbances, and health-related shocks—all expected to increase with climate change—increase poverty rates (Hallegatte et al. 2014; 2016; Hallegatte, Fay, and Barbier 2018; Skoufias, Rabassa, and Olivieri 2011). Hurricanes, floods, and droughts destroy assets and livelihoods, mainly those of the poor who are more vul
	Examples from various case studies demonstrate how climate has already impacted poverty, especially in impoverished communities. One study looking at the effect of natural disasters in Central and South America found that floods and droughts had increased poverty by up to 3.7 percent in Mexico, by up to 23 percent in Peru, and by 12 percent in Bolivia (Rodriguez-Oreggia et al. 2013). In Ethiopia, a devastating drought in 1984 reduced agricultural production, causing a large-scale famine. Asset-poor househol
	6.5.2 Climate change to undernourishment 
	There have been several global long-term forecasting studies that project the effect of climate change on undernourishment out to 2050. These studies generally use consistent approaches, with the use of RCP against a no-climate change scenario. This allows for direct quantification of climate change on 
	undernourishment, as the percentage increase in the number of people in undernourishment relative to a no-climate change future. 
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	The effect of COVID-19 is projected to vary between an 6.2% to 12.0% increase in undernourishment by 2040, very much within the range of uncertainty of climate change estimates. However, an important distinction there is that climate change effects tend to worsen further out into the century, whereas effects of COVID-19 are likely to lessen over time. 
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	The magnitude of this effect varies among studies, from -2.29 percent to 34.56 percent change in the population suffering from undernourishment relative to a no-climate change baseline scenario (
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	). Improvements in undernourishment because of climate change generally incorporate a CO2-fertilization effect, whereas all studies that do not account for CO2 fertilization project an increase in undernourishment from climate change. Within a single study, more climate change results in an increase in undernourishment, with projections from Janssens et al. (2020) varying between a -0.6 percent decrease in undernourishment with strong mitigation efforts and limited climate change (RCP 2.6) and a 24.4 percen

	P
	Figure 28: The relative effect of climate change on undernourishment at the global level by 2050, according to literature consulted. 
	P
	Figure
	Note: The percent decrease or increase is relative to a no-climate change baseline scenario. The stars depict mean effects for studies that have multiple data points. The individual data points represent estimates using different climate or crop growth models and whether the climate to food security accounts for CO2-fertilization (dark versus light blue). To isolate the climate effect, we break up measures in studies according to SSP and RCP. Rosenzweig and Parry (1994) use an endogenous socioeconomic scena
	Source: Authors’ elaboration based on the cited literature. 
	Figure 29: The relative effect of climate change on undernourishment for different world regions by 2050, according to literature consulted. 
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	Note: The percent decrease or increase is relative to a no-climate change baseline scenario. The stars depict mean effects for studies that have multiple data points. The individual data points represent estimates using different climate or crop growth models, and whether the climate to food security accounts for CO2-fertilization (dark versus light blue). To isolate the climate effect, we break up measures in studies according to SSP and RCP. Rosenzweig and Parry (1994) use an endogenous socioeconomic scen
	Source: Authors’ elaboration based on the cited literature.
	The effect of climate change on undernourishment is most pronounced in sub-Saharan Africa and Southern Asia (
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	). As with COVID-19, climate change is projected to have the largest negative effect on undernourishment in the most food insecure regions of the world. In Southern Asia, effects vary between -2.6 percent to +40 percent, with an extreme outlier of +141 percent under severe climate change (RCP 8.5). The effect of COVID-19 in Southern Asia varies between a +7.3 percent to +13.7 percent increase in undernourishment, at the lower end of most estimates. For sub-Saharan Africa, the effect of climate change on und

	6.5.3 Climate change to child stunting 
	We could find just one study projecting the effects of climate change on child stunting and highlighting the need to further integrate child stunting and aspects of food utilization into long-term projections of climate and food security. The study by Lloyd et al. (2018) projects child stunting to 2050 using the GLOBIOM model, with varying assumptions on climate change (RCP 2.6 and RCP 8.5) and socioeconomic projections (SSP4 and SSP5). However, the effect of climate change on child stunting in this study i
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	Projections of the effects of climate change on child stunting and extreme poverty are largely absent, making a quantitative comparison between effects of climate change and COVID-19 difficult for these indicators. 
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	One important omission is that climate change studies generally focus on mean reductions in crop production and less on volatility in production. Wasting in children tends to be much more responsive to immediate reductions in food, from extreme weather events or conflict (Moyer et al. 2020). However, wasting and stunting generally share the same drivers, and early childhood wasting tends to make children more susceptible to stunting in the following months to year (Li et al. 2020; Briend, Khara, and Dolan 2
	6.5.4 Conflict to poverty 
	Conflict has a significant and negative impact on poverty incidence, both during and after conflict. Conflict increases levels of poverty by destroying assets and diverting public funds from social programs (Bircan, Bruck, and Vothknecht 2010; Justino 2012; Marks 2016; Rohwerder 2014). The destruction of assets during periods of conflict inhibits people’s participation in the market, which reduces overall economic productivity (Justino 2012). As a result, conflict correlates with reductions in GDP per capit
	The study of historical conflict supports this.  During the Rwandan genocide in 1994 people’s assets were destroyed or stolen, leaving them with no livelihoods or access to the market. If the conflict had not taken place, Rwandan GDP per capita would be as much as 30 percent higher, which could have reduced poverty up to 15 percent (World Bank 2004). The civil war taking place in Yemen has destroyed infrastructure, capital, and personal assets (including land and livestock) while displacing millions (Moyer,
	While short-term effects of conflict on poverty are understood to be severe, longer-term effects appear to be more muted. At the macro-level, post-conflict states may recover lost assets or damaged capital (Justino 2012). However, long-term effects may be more prevalent at the individual level due to the loss of education and, in turn, economic mobility and general livelihoods (Justino 2012). Women and children also constitute the majority of refugees displaced by conflict situations. Among displaced popula
	6.5.5 Conflict to undernourishment 
	The literature on conflict as a driver of undernourishment is generally historically focused and uses a wide range of methodologies, indicators to assess the effect, and spatial and temporal scales. That makes a one-to-one comparison nearly impossible. Therefore, we present a descriptive overview of quantitative effects (
	The literature on conflict as a driver of undernourishment is generally historically focused and uses a wide range of methodologies, indicators to assess the effect, and spatial and temporal scales. That makes a one-to-one comparison nearly impossible. Therefore, we present a descriptive overview of quantitative effects (
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	Several studies have examined the effect of conflict on food production. Messer et al. (1998) examined food production in the war-torn countries of sub-Saharan Africa from 1970 to 1994. The study found that food production per capita dropped by a mean of 12.3 percent in war years compared to peace times. Similarly, in an analysis of 38 countries, Teodosijevic (2003) found that agricultural production dropped by about 1.5 percent per year during times of conflict, and mean caloric intake dropped by seven per
	Only a single study looked at the effect of conflict on the number of people in undernourishment. A cross-national assessment by Gates et al. (2012) found that medium-sized conflict resulting in approximately 2,500 battle deaths led to a 3.3 percent increase in the number of undernourished. 
	There have been very few studies of the effects of continued conflict over a prolonged period. In one, a study on the duration of conflict in Yemen on human development using the IFs model suggests that a prolonged conflict out to 2030 could result in 95.5 percent of the population in Yemen suffering from undernourishment in 2030, relative to 27.3 percent in 2030 if the conflict were to end by 2022 (Moyer, Hanna, et al. 2019). This range of conflict effects on undernourishment highlights potential severe pr
	What we can say is that without changes in policies, the effect of COVID-19 on undernourishment, directly and out to 2040, is significant, even when compared to direct impacts of conflict. However, explorative assessments of multi-year conflict suggest a much higher long-term impact of conflict on undernourishment. Much more work is required to model the occurrence and severity of conflict out to the future to better understand the potential range of impacts across countries and world regions. 
	Table 7: Overview of literature estimating an effect of conflict on indicators of undernourishment and poverty. 
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	Timeframe 
	Timeframe 

	Indicator 
	Indicator 

	Where 
	Where 

	Finding 
	Finding 



	Teodosijevic (2003) 
	Teodosijevic (2003) 
	Teodosijevic (2003) 
	Teodosijevic (2003) 

	During conflict 
	During conflict 

	Supply—Agricultural Production 
	Supply—Agricultural Production 

	Cross-national 
	Cross-national 

	On average, agricultural production drops by about 1.5 percent per year during conflict 
	On average, agricultural production drops by about 1.5 percent per year during conflict 


	Messer et al. (2012) 
	Messer et al. (2012) 
	Messer et al. (2012) 

	During conflict 
	During conflict 

	Supply—Food production per capita 
	Supply—Food production per capita 

	Sub-Saharan Africa 
	Sub-Saharan Africa 

	Mean 12.3 percent drop in food production per capita in war years compared to peace times, for war-torn countries in sub-Saharan Africa between 1970–1974 
	Mean 12.3 percent drop in food production per capita in war years compared to peace times, for war-torn countries in sub-Saharan Africa between 1970–1974 


	Gates et al. (2012) 
	Gates et al. (2012) 
	Gates et al. (2012) 

	During conflict 
	During conflict 

	Generic—Mean dietary energy requirement 
	Generic—Mean dietary energy requirement 

	Cross-national 
	Cross-national 

	Medium conflict (2,500 battle deaths) leads to a 3.3 percent increase in the population living on less than the mean dietary energy requirement  
	Medium conflict (2,500 battle deaths) leads to a 3.3 percent increase in the population living on less than the mean dietary energy requirement  


	Verwimp and Mora (2013) 
	Verwimp and Mora (2013) 
	Verwimp and Mora (2013) 
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	Post-conflict 
	Post-conflict 

	Generic—Lower caloric intake 
	Generic—Lower caloric intake 

	Burundi 
	Burundi 

	The Burundian population forced to flee violence experienced 6 percent lower caloric intake than the non-displaced population after the conflict 
	The Burundian population forced to flee violence experienced 6 percent lower caloric intake than the non-displaced population after the conflict 
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	Post-conflict 
	Post-conflict 

	Access—Welfare and economic levels  
	Access—Welfare and economic levels  

	Burundi 
	Burundi 

	It takes 8 to10 years for welfare and economic levels of displaced persons to reach the level of non-displaced community 
	It takes 8 to10 years for welfare and economic levels of displaced persons to reach the level of non-displaced community 


	World Bank (2004) 
	World Bank (2004) 
	World Bank (2004) 

	Post-conflict 
	Post-conflict 

	Per capita GDP 
	Per capita GDP 

	Rwanda 
	Rwanda 

	Had the Rwandan Genocide not occurred, GDP per capita could be up to 30 percent higher today 
	Had the Rwandan Genocide not occurred, GDP per capita could be up to 30 percent higher today 


	Moyer et al. (2019) 
	Moyer et al. (2019) 
	Moyer et al. (2019) 

	During conflict 
	During conflict 

	Population (percent) living below the national poverty line 
	Population (percent) living below the national poverty line 

	Yemen 
	Yemen 

	The population in Yemen living below the national poverty line increased from 35 percent in 2005 to 54 percent in 2011 because of the ongoing conflict 
	The population in Yemen living below the national poverty line increased from 35 percent in 2005 to 54 percent in 2011 because of the ongoing conflict 




	 
	6.5.6 Conflict to child stunting 
	A direct comparison of the impact of conflict on child stunting, and more generally child undernourishment, is not possible given differences between studies and the still relatively limited evidence base. However, there have been studies quantifying effects of conflict on child stunting—and child undernourishment more generally. 
	Conflict has a negative effect on child stunting, and other indicators of child malnutrition, with many effects manifesting during but also after conflict (
	Conflict has a negative effect on child stunting, and other indicators of child malnutrition, with many effects manifesting during but also after conflict (
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	). A study of child stunting in Burundi found that children exposed to war have on average 0.515 standard deviations lower height-for-age z-scores than non-exposed children (Bundervoet, Verwimp, and Akresh 2009). The effects of conflict on height aren’t necessarily constrained to young children. A study in Nigeria found that girls zero to three years old exposed to war were on average 0.75 cm shorter in stature in adulthood compared to women not exposed to war, whereas women 13 to16 years old exposed to war

	Very few studies have attempted to forecast child malnourishment in the future, let alone quantify the effect of conflict thereon. Much of the work that has been done uses the IFs model. A cross-country study quantifies the impact of changing conflict by 0.5 standard deviations on severe wasting. It found that increasing conflict creates a range of 19.5–29.3 million severe wasting cases in 2030 (Moyer et al. 2020). Another report using the IFs model compares malnourished children in North-East Nigeria in 20
	Table 8: Overview of literature estimating an effect of conflict on child stunting and other indicators of child malnutrition. 
	Reference 
	Reference 
	Reference 
	Reference 
	Reference 

	Timing 
	Timing 

	Indicator 
	Indicator 

	Country 
	Country 

	Findings 
	Findings 



	Bundervoet et al. (2009) 
	Bundervoet et al. (2009) 
	Bundervoet et al. (2009) 
	Bundervoet et al. (2009) 

	Post-conflict 
	Post-conflict 

	Access—Malnutrition (HAZ) 
	Access—Malnutrition (HAZ) 

	Burundi 
	Burundi 

	Children exposed to war have on average 0.515 standards deviations lower height-for-age Z-score than non-exposed children. 
	Children exposed to war have on average 0.515 standards deviations lower height-for-age Z-score than non-exposed children. 


	Yip and Sharp (1993) 
	Yip and Sharp (1993) 
	Yip and Sharp (1993) 

	During and Post- conflict 
	During and Post- conflict 

	Access and utilization—Malnutrition 
	Access and utilization—Malnutrition 

	Syria 
	Syria 
	P

	Refugee children 12–24 months old experienced significant weight loss, and acute malnutrition was 3x higher than the normal range. 
	Refugee children 12–24 months old experienced significant weight loss, and acute malnutrition was 3x higher than the normal range. 


	Akresh et al. (2012) 
	Akresh et al. (2012) 
	Akresh et al. (2012) 

	Post-conflict 
	Post-conflict 

	Utilization—height 
	Utilization—height 

	Nigeria (Biafra) 
	Nigeria (Biafra) 

	Women exposed to the Nigerian Civil War between 0 and 3 years old are 0.75 cm shorter than non-exposed women of the same age. 
	Women exposed to the Nigerian Civil War between 0 and 3 years old are 0.75 cm shorter than non-exposed women of the same age. 
	Women exposed during adolescence (13 to 16 years old) are 4.5 cm shorter than non-exposed women of the same age.  
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	6.6 Summary of findings on conflict, climate, and COVID-19 
	Climate change and conflict are expected to impact the supply, access, and utilization dimensions of food security, particularly among the worlds’ most vulnerable populations. Agriculture-dependent communities will likely face the brunt of climate-induced food availability and access constraints. An increase in food- and water-borne disease under climate change reduces a populations’ ability to safely use their food, contributing to a vicious cycle of disease and reduced nutritional uptake. 
	   Analytical insight 
	   Analytical insight 
	   Analytical insight 
	   Analytical insight 
	   Analytical insight 
	Figure


	Climate change, conflict and COVID-19 affect food security indicators through unique pathways. For example, climate change projections primarily focus on agricultural supply effects, and to a lesser extent on food access and utilization. COVID-19 effects primarily manifest through demand-side effects on food access. 
	Climate change, conflict and COVID-19 affect food security indicators through unique pathways. For example, climate change projections primarily focus on agricultural supply effects, and to a lesser extent on food access and utilization. COVID-19 effects primarily manifest through demand-side effects on food access. 
	Climate change, conflict and COVID-19 affect food security indicators through unique pathways. For example, climate change projections primarily focus on agricultural supply effects, and to a lesser extent on food access and utilization. COVID-19 effects primarily manifest through demand-side effects on food access. 




	The conflict-food security nexus follows a similar pattern. Conflict destroys production and distribution infrastructure, devastates economies and incomes, and limits access to clean water and sanitation.  These negative impacts are concentrated among the most vulnerable populations. In the case of conflict, women and children tend to be more vulnerable than men to poverty, undernutrition, and food insecurity in general. 
	Both climate change and conflict projections are marked by significant uncertainty. The CO2-fertilization effect yields substantial ranges in the extent and direction of the impact of climate change. The future of conflict is also highly uncertain, with some projections suggesting conflict could increase, while others anticipate the continuation of post-Cold War trends toward greater peace and stability. Though patterns can be difficult to anticipate, the future of climate change and conflict remain signifi
	In comparing the effect of these three risk factors, we note significant differences in: a) the pathways through which each risk factor impacts food security; b) our understanding of the risk factor and its effects; and c) the geographic distribution of the drivers. 
	While climate change and conflict impact food security through all three dimensions of food security, the primary pathway from COVID-19 to food insecurity is reduced income and food demand. COVID-19 has little to no effect on food availability and its impacts on utilization occur only over time. Like COVID-19, conflict and climate are expected to reduce food demands through income reductions. In the case of conflict, supply and utilization are also frequently affected. And in terms of climate change, food d
	Another key distinction is the degree to which we understand climate change, conflict, and COVID-19. The full effects of climate change are primarily a future challenge, although these effects are increasingly apparent. Uncertainties associated with the CO2-fertilization effect and greenhouse gas emissions limit our ability to understand climate changes’ potential impact. COVID-19 and conflict are also highly uncertain disruptions. The effects of COVID-19 and conflict shift development in unique ways depend
	The final point of distinction is the geographic distribution of the three negative trends. COVID-19 is global in scope, though it will impact regions differently. Comparably, climate change is a global phenomenon with localized discrepancies. Conflict, in contrast, tends to be localized, driven largely by the character of conflict and local structure of development. 
	Lastly, it is important to note the main point of continuity for all three disruptions; Climate change, conflict, and COVID-19 disproportionately impact the poorest and most vulnerable populations. For this reason, socioeconomic development is critical to mitigating the negative impacts of climate change, conflict, and COVID-19 on food insecurity. To situate conflict, COVID-19, and climate change more broadly as risk factors driving future patterns of global food security, it is crucial to recognize that th
	  
	7.Appendices
	Appendix A - List of Participants at Expert Meetings 
	The following people participated in the expert meetings on scenario design for the COVID-19 scenarios about economic growth, inequality, government debt, and education: 
	•Samantha Alvis, United States Agency for International Development
	•Samantha Alvis, United States Agency for International Development
	•Samantha Alvis, United States Agency for International Development

	•Daniel Gerszon Mahler, World Bank
	•Daniel Gerszon Mahler, World Bank

	•Susannah Hares, Center for Global Development
	•Susannah Hares, Center for Global Development

	•Barry Hughes, Pardee Center for International Futures
	•Barry Hughes, Pardee Center for International Futures

	•Mohammad Irfan, Pardee Center for International Futures
	•Mohammad Irfan, Pardee Center for International Futures

	•Christoph Lakner, World Bank
	•Christoph Lakner, World Bank

	•Cedric Okou, World Bank
	•Cedric Okou, World Bank

	•Sherman Robinson, International Food Policy Research Institute
	•Sherman Robinson, International Food Policy Research Institute

	•Prachi Srivastava, University of Western Ontario
	•Prachi Srivastava, University of Western Ontario

	•James Thurlow, International Food Policy Research Institute
	•James Thurlow, International Food Policy Research Institute

	•Vasilis Tsiropoulos, World Bank
	•Vasilis Tsiropoulos, World Bank

	•Nina Weisenhorn, United States Agency for International Development
	•Nina Weisenhorn, United States Agency for International Development
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	The first meeting introduced the project and the structure of the IFs model. Meetings 2 to 5 were expert elicitations focused on COVID-19 and economic recovery, COVID-19 and inequality, COVID-19 and education, and COVID-19 and government debt. We used the meetings to inform the general scenario framework and the specific scenario assumptions and to discuss the main drivers and uncertainties associated with COVID-19 and individual systems. A sixth meeting was organized to present the result scenarios and dis
	P
	P
	Appendix B - World Regions 
	Figure 30
	Figure 30
	Figure 30

	 depicts the world regions used in the analysis. We use the same groupings as Janssens et al. (2020) to allow for easier comparison between our COVID-19 results and climate change studies (see Section 6). We distinguish a total of 10 world regions: Canada and the U.S., Latin America and the Caribbean, Europe, Commonwealth of Independent States, Middle East and North Africa, sub-Saharan Africa, Southern Asia (India+), Eastern Asia (China+), Southeast Asia, and Oceania. 

	Figure 30: World regions used in the analysis. These regions are Canada and the U.S., Latin America and the Caribbean, sub-Saharan Africa, Europe, Commonwealth of Independent States, Middle East and North Africa, Southern Asia (India+), Eastern Asia (China+) Southeast Asia, and Oceania. 
	 
	Figure
	Source: Authors’ elaboration. 
	  
	Appendix C - The International Futures Model 
	IFs is a tool for thinking about long-term, country-specific, regional, national, and global futures. IFs integrates forecasts for different sub-models, including population, economy, agriculture, education, energy, sociopolitical, international political, environment, technology, infrastructure, and health (
	IFs is a tool for thinking about long-term, country-specific, regional, national, and global futures. IFs integrates forecasts for different sub-models, including population, economy, agriculture, education, energy, sociopolitical, international political, environment, technology, infrastructure, and health (
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	). These sub-models are dynamically connected, so IFs simulates how changes in one system lead to changes against all other systems. As a result, IFs endogenizes more relationships from a wider range of key global systems than any other model in the world.22 

	22 IFs is free to download or use online from: 
	22 IFs is free to download or use online from: 
	22 IFs is free to download or use online from: 
	http://pardee.du.edu
	http://pardee.du.edu

	 


	Figure 31: Stylistic representation of the sub-models of the International Futures model and the interactions between them. 
	P
	Figure
	Note: This representation does not depict all the interactions between the submodules. Dark blue refers to the human development system, light blue refers to the governance and socioeconomic system, and grey refers to the components of the (bio)physical system represented in the IFs model. 
	Source: Authors’ elaboration. 
	IFs leverages historical data (over 4,500 historical series), identifies and measures trends, and models dynamic relationships to forecast hundreds of variables for 186 countries for every year from 2017 to 2100. IFs is used to help understand dynamics within and among global systems, thereby allowing users to think systematically about potential futures as well as development goals and targets. There are three main avenues for analysis in IFs: historical data analysis (cross-sectional and longitudinal); Cu
	Broadly speaking, the IFs model fits into the history of system dynamics and integrated assessment models. System dynamic models aim to represent the world as an interconnected system, in which positive and negative feedback loops between system components jointly drive development in economic, environment and human systems. Many of the concepts of system dynamics modeling have later been adopted by the integrated assessment modeling community, which primarily focuses on studying the interactions between th
	(Nordhaus 2018). These integrated assessment models are primarily used to study the interactions between socioeconomic and climate change and the effects of mitigation and adaptation policies (van Vuuren et al. 2011; O’Neill et al. 2014). The IFs model has characteristics of both modeling philosophies by connecting a climate and economic model, as well as more broadly assessing development across a wider set of integrated connected systems. 
	The Economic Model 
	A core component of the IFs model is the economic model with connections with all other sub-models in IFs. For studies on food security, the economic model forecasts economic growth and, consequently, changes in average household income central to understanding extreme poverty, undernourishment, and child stunting. The model also captures changes in agricultural economy, agricultural trade, and production. The IFs economic model is documented in academic literature and policy reports (Hughes and Narayan 202
	23 For the full documentation of the IFs economic model the interested reader is referred to our open-source wiki page: 
	23 For the full documentation of the IFs economic model the interested reader is referred to our open-source wiki page: 
	23 For the full documentation of the IFs economic model the interested reader is referred to our open-source wiki page: 
	https://pardee.du.edu/wiki/Economics
	https://pardee.du.edu/wiki/Economics

	  


	The treatment of economics in IFs draws on both the classical tradition’s focus on economic growth (with great attention in IFs to the newer work on endogenous growth theory) and the neoclassical perspective's general equilibrium approach. 
	The economic module is a core component of the IFs system for multiple reasons: in particular for its close interactions with all other modules. On the input side, variables from almost all other modules affect production levels. On the output side, the magnitude of GDP and the level of GDP per capita are critical for essentially all other modules. Most closely linked to the economic module are the energy and agriculture modules, both of which use a partial equilibrium structure that echoes the one in the e
	Basic economic variables include GDP at market exchange rates, GDP at purchasing power parity, GDP per capita at market exchange rates, and GDP per capita at purchasing power parity. The model represents all of these in constant 2011 dollars and includes a representation of the portion of the economy that is informal. 
	The supply side of the economic module is based on the Cobb-Douglas production function: 
	𝑉𝐴𝐷𝐷𝑟,𝑠=𝑀𝐹𝑃𝑟,𝑠∗ 𝐶𝐴𝑃𝑈𝑇𝑟,𝑠∗ 𝐾𝑆𝑟,𝑠𝛼∗ 𝐿𝐴𝐵𝑆𝑟,𝑠(1−𝛼), 
	The function uses labor, capital, and multifactor productivity (MFP) as the primary drivers of economic growth. In the above equation, capital stock (KS) is a function of investment and depreciation rates, labor supply (LABS) is determined from population and endogenously derived labor force participation rates, and there’s an exogenous capacity utilization (CAPUT). Value add and each factor of production are specific to the country (r) and sector(s). In the COVID scenarios, the economic shock is distribute
	While the treatment of capital and labor in the IFs system will be familiar to users with an understanding of neoclassical economics, the treatment of productivity within IFs deserves greater explanation. Unlike most neoclassical models, which primarily focus on technology as the determining factor of productivity in their equations, the IFs system uses MFP, which is a broader definition of productivity. The MFP term in IFs has four basic components: human (MFPHC), social (MFPSC), physical (MFPPC), and know
	While the treatment of capital and labor in the IFs system will be familiar to users with an understanding of neoclassical economics, the treatment of productivity within IFs deserves greater explanation. Unlike most neoclassical models, which primarily focus on technology as the determining factor of productivity in their equations, the IFs system uses MFP, which is a broader definition of productivity. The MFP term in IFs has four basic components: human (MFPHC), social (MFPSC), physical (MFPPC), and know
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	). Each of these components can take on a positive or negative value, depending on whether the calculated value of the component is providing a positive or negative impact to economic growth rates relative to what would be expected based on the country’s level of development. 

	Figure 32: A stylistic representation of the IFs economic growth model. 
	P
	Figure
	Note: Economic growth (far right) is driven by labor supply, production capital, and MFP. MFP is driven by the four components of human capital, social capital, physical capital, and knowledge base, which themselves are linked to other sub-models in IFs about education, health, governance, and infrastructure. 
	Source: International Futures (IFs) model. Frederick S. Pardee Center for International Futures, Josef Korbel School of International Studies, University of Denver, Denver, CO. 
	Drivers of MFP vary by component. MFPHC is driven by years of education, education expenditures, life expectancy, and health expenditures. MFPSC is driven by Freedom House’s measure of political freedom (a variable describing democracy), governance effectiveness, corruption perceptions, and economic freedom. MFPPC is driven by two separate indices of infrastructure: traditional (roads, electricity, and water and sanitation) and information and communication technology. Finally, MFPKN is driven by 
	research and development expenditures and economic integration. This final component of MFP represents a measure of connectedness to the global economy. Thus, changes in other sub-models of IFs will result in changes to the relevant component of multifactor productivity and therefore to economic growth.24 
	24 For more information on the use and specification of multifactor productivity in IFs, see Hughes and Narayan (2021).  
	24 For more information on the use and specification of multifactor productivity in IFs, see Hughes and Narayan (2021).  

	Figure 33: Example of a condensed Social Accounting Matrix (SAM) for IFs in India in 2017 with a differentiation the flow of goods and services across sectors and actors. 
	 
	Figure
	Source: International Futures (IFs) modeling system, Version 7.68. Frederick S. Pardee Center for International Futures, Josef Korbel School of International Studies, University of Denver, Denver, CO. 
	The production function is embedded in a six-sector model of the economy featuring agriculture, raw materials, energy, manufactures, services, and information and communication technology that balances domestic demand and trade in a general equilibrium-seeking structure. Production and consumption of goods and services are in turn incorporated into a larger SAM, which represents the behavior and financial interaction of households, firms, and government (
	The production function is embedded in a six-sector model of the economy featuring agriculture, raw materials, energy, manufactures, services, and information and communication technology that balances domestic demand and trade in a general equilibrium-seeking structure. Production and consumption of goods and services are in turn incorporated into a larger SAM, which represents the behavior and financial interaction of households, firms, and government (
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	). A SAM traditionally represents flows among different economic sectors and agent categories (e.g., households, firms, and government). For instance, it represents private consumption and net national savings, as well as household income and savings; firm income, investment by sector, and savings; government revenues, total expenditures with transfers, transfers to households, directed consumption in total, and by sector, and balance. IFs builds a full and balanced SAM of these and many other inter-agent f

	among countries over time, maintaining consistency with the liability-asset approach used in standard accounting systems. 
	The behavior of agents within this system is not fixed, as in many computable general equilibrium models (which use SAMs commonly). Instead, agent behavior is partially endogenized using algorithms that allow the behavior of agents to shift depending on the levels of stocks of relevant variables within the SAM. So, for example, different levels of government debt trigger different patterns of government expenditures and revenues in IFs, with forward effects on spending on education and water and sanitation 
	Multifactor productivity and the SAM are two areas in the model deeply imbedded within many different systems in IFs. They both directly drive and are driven by changes in human, social, and physical variables and, as such, are key to evaluating trade-offs and synergies across and between alternative interventions. 
	The Agricultural Model 
	The IFs agricultural model is a partial equilibrium model that connects the agricultural economy and the agricultural production system to forecast long-term trends in agricultural demand, agricultural production, land under cultivation, production intensity, and international food trade. The IFs agricultural model forecasts production in crops, meat, and fish and distinguishes five land use categories (cropland, grazing land, forests, urban, and other land). The model focuses on forecasting foodstuffs, but
	The IFs agricultural model is a partial equilibrium model that connects the agricultural economy and the agricultural production system to forecast long-term trends in agricultural demand, agricultural production, land under cultivation, production intensity, and international food trade. The IFs agricultural model forecasts production in crops, meat, and fish and distinguishes five land use categories (cropland, grazing land, forests, urban, and other land). The model focuses on forecasting foodstuffs, but
	Agriculture - Wiki (du.edu)
	Agriculture - Wiki (du.edu)

	. Here we describe the key features of the IFs agricultural model and the updates undertaken for this project, with a focus on the agricultural crop system, given its disproportionate share in caloric consumption and thus food security. 

	Agricultural demand, expressed as total per capita caloric demand, is a function of changes in household income, consumption patterns, and changes in overall population. Thus, agricultural demand is strongly linked to the population and economic models of IFs. Long-term forecasts of total per capita calorie demand are driven by changes in GDP per capita (a proxy for income). GDP per capita alters the total calorie demand per capita. Moreover, changes in GDP per capita also result in a dietary shift with mor
	To meet rising agricultural demands over time, countries either produce more food or change agricultural trade patterns. In its most simple form, agricultural production is a function of land under cultivation (in ha) and yield in million metric tons per ha such that: 𝐴𝐺 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑝𝑟𝑒 𝐿𝑜𝑠𝑠𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟= 𝐶𝑟𝑜𝑝𝑙𝑎𝑛𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟∗ 𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟 
	The IFs agricultural model uses a yield saturating forecast with diminishing returns to investment and a Cobb-Douglas production function. This mimics the previous formulation of value add in the economic model. The core inputs are labor supply (LABS), capital stock in agriculture (KAG), a technological growth function (AgTec), a saturation value (SATK), and a scalar (cD) such that: 𝐵𝑎𝑠𝑒𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟=(1+𝐴𝐺𝑇𝐸𝐶𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟)∗𝑐𝐷𝑐𝑜𝑢𝑛𝑡𝑟𝑦∗𝐾𝐴𝐺𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎
	The growth in technology, labor, and capital all are informed by the economic module. The alpha is the Cobb-Douglas coefficient reflecting the relative elasticities of increasing an input of capital or labor to yield and is calculated on a yearly basis using information from the Global Trade Analysis Project database (Global Trade Analysis Project 2018), in combination with changes in GDP per capita. 
	Yields cannot increase indefinitely but are bounded by biophysical constraints and management techniques to optimize the use of nutrients and water. Both differ between countries. For this project, we updated the saturation of yields, using data on yield gaps (Mueller et al. 2012; van Ittersum et al. 2016; van Zeist et al. 2020). Yield gaps describe the difference between the actual yield and the maximum attainable yield with optimal techniques, within a biophysical climate-unit. We used data on cereal yiel
	The saturation coefficient is then a function of the difference between the actual yield each year and the maximum yield for that country: 𝑆𝐴𝑇𝐾𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟 =1−𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟𝑀𝑎𝑥𝑖𝑚𝑢𝑚𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦 
	The growth in yield from year-to-year is then constrained by the saturation coefficient, such that the closer a country is to its maximum yield, the more difficult it becomes to increase yields further: 
	 𝐵𝑎𝑠𝑒𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟= 𝑌𝑖𝑒𝑙𝑑2017𝑐𝑜𝑢𝑛𝑡𝑟𝑦+((𝐵𝑎𝑠𝑒𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟− 𝑌𝑖𝑒𝑙𝑑2017𝑐𝑜𝑢𝑛𝑡𝑟𝑦)∗ 𝑆𝐴𝑇𝐾𝑐𝑜𝑢𝑛𝑡𝑟𝑦,𝑦𝑒𝑎𝑟 ) 
	Following other global cropland models (Neumann et al. 2010; Van Asselen and Verburg 2013), we assume that the cereal yield gap is a good indicator of yield gaps among all crops. Cereals are the most important crops around the world and occupy the largest share of production. As such the production intensity of cereal crops is likely to be a good approximation of the production intensity of other crops. 
	Yield gaps are especially high in sub-Saharan Africa, and more generally in low-income countries. Incorporating yields gaps into the biophysical constraints allows for relatively more potential growth in countries with high agricultural potentials, and limits yield increases to country-specific biophysical 
	constraints. It also allows for future analysis on the potential of the agricultural sector, i.e. what would overcoming yield gaps in sub-Saharan Africa mean for food security and more generally human development (see for an example van Ittersum et al. 2016). 
	The other component of production relates to land under cultivation. The IFs agricultural model has a non-spatial land use routine distinguishing five land use types at the country level. Expansion and contraction of cropland are governed by changes in agricultural investment. Investments in agriculture are an output from the economic module and must be allocated across investments in yield and investments in land. The share of investment going to land is based on an initial share of investment going to lan
	As there are biophysical maximums to yield increases so, too, are there biophysical and economic maximums to cropland expansion. Global estimates for potential arable land vary widely between different approaches and depend on biophysical constraints but also on more definitional issues of what potential is. For example, maximum cropland expansion can be based solely on land suitability from soil and climatic conditions, or it can further lower available land for expansion by taking into consideration the p
	The IFs model has a simplified climate change routine with endogenous feedbacks between economic growth and emissions and forward effects from global climate change to agricultural yields. There are two general approaches for linking economic growth and climate change into integrated modeling exercises. One option is to separate the two by exogenous prescriptions of emission pathways, Representative Concentrations Pathways (van Vuuren et al. 2011), with exogenous scenario prescriptions on socioeconomic deve
	Climate change has a dual effect on crop production. Following the ISIMIP protocol, we account for CO2-fertilization, which positively affects yield with higher CO2-concentration. At the same time, 
	changes in global mean temperature and precipitation patterns negatively affect plant growth for most regions, due to drier and warmer climatic conditions. This results in negative feedback to plant growth, especially in world regions in temperate and tropical latitudes. Overall, by 2050 the climate-induced change in crop production for different world regions varies, with a slight positive to no net effect in northern latitudes and reductions in yield varying between -4.0 percent in Southeast Asia to -5.8 
	Many countries are not able to meet agricultural demand based purely on domestic production, and for the next decades growth in agricultural demand in sub-Saharan Africa is projected to outpace growth in production. Agricultural trade can be used to supplement insufficient domestic production and make food availability meet demand, albeit with increasing levels of food import dependence. The future challenge will be to continue to meet agricultural demand at the national level, with socioeconomic trends res
	Forecasting Poverty in IFs 
	The IFs model forecasts extreme poverty for 186 countries based on dynamically connected representations of economic growth, income distribution, and demographic change. Poverty projections in IFs and the underlying methodological description have been published in academic and non-academic literature; here we provide a more concise overview (Milante, Hughes, and Burt 2016; Hughes 2019; Moyer and Bohl 2018; Moyer and Hedden 2020). 
	Economic growth drives changes in household income. The forecasts of economic growth have been described in the previous section, on the economic model in IFs. The other component relates to the need to understand and forecast the distribution of income among households in society. The IFs approach uses a log-normal distribution of household income among all countries. The log-normal distribution is the most widely used distribution of household income, offers important advantages for long-term forecasts an
	Economic growth drives changes in household income. The forecasts of economic growth have been described in the previous section, on the economic model in IFs. The other component relates to the need to understand and forecast the distribution of income among households in society. The IFs approach uses a log-normal distribution of household income among all countries. The log-normal distribution is the most widely used distribution of household income, offers important advantages for long-term forecasts an
	Figure 34
	Figure 34

	 provides an example of a log-normal distribution, or bell-curve, for income used in the IFs model. 

	One advantage of using a log-normal density to capture the distribution of income in a society is that it can be fully specified with only two parameters: average income and the standard deviation of it. Mean household consumption, logged, is used as the distribution variable and the Gini-coefficient of income inequality for the standard deviation of the logged distribution variable. Forecasts are initialized using data from PovCalNet for different poverty thresholds (World Bank 2021d). Using the log-normal
	international thresholds at $1.90 per day, $3.20 per day and $5.50 per day. In this report, we use the $1.90 per day threshold to assess the percentage of the population living in extreme poverty. 
	Figure 34
	Figure 34
	Figure 34

	 provides an example of how changes in per capita income and changes in the Gini-coefficient drive our forecasts of extreme poverty. The changes in per capita income are a consequence of changes in economic growth and population dynamics from the IFs population model. Changes in Gini-coefficient can either be endogenous forecasted or can be exogenous prescribed. Given the uncertainties into how COVID-19 is affecting the Gini-coefficient, we opted for exogenous forecasts in this report. We keep the Gini-coef

	Figure 34: Example of a log-normal distribution of income and how changes in per capita income, the distribution of income, and the poverty line threshold alter the calculation and forecasts of the percentage of population living in extreme poverty. 
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	Figure
	Source: Authors’ elaboration. 
	Forecasting Undernourishment in IFs 
	IFs projections of the PoU follows methods used by FAO and USDA (FAO et al. 2020; Baquedano et al. 2020; Hasegawa et al. 2018), which assume a log-normal distribution of calories described by mean caloric intake (CLPC) and the coefficient of variation (CV) to determine the proportion of a population living under the minimum dietary energy requirement threshold (MDER). It very much resembles the approach used to forecast poverty, with a mean level of calories per capita, a parameter describing the distributi
	While the FAO and USDA both follow a similar approach, they differ in their implementation in three ways. First, FAO establishes a country-specific MDER, whereas USDA uses an average energy 
	requirement set at a calorie target of 2,100 calories per capita per day (Baquedano et al. 2020, pp. 55-56). Second, USDA holds the CV constant throughout the projection period, whereas FAO uses linear interpolation and extrapolation (Baquedano et al. 2020; FAO et al. 2020). Finally, while USDA uses income level as a proxy for minimum food consumption, FAO uses actual per capita dietary energy supply from the food balance sheet. 
	In IFs, the PoU is initialized by data gathered from the World Bank’s World Development Indicators, which actually get their data from FAO (FAO et al. 2020). The data covers 170 countries over 27 years. Data for countries not covered in this series is supplemented with data from the United Nations Statistics Division. For countries not covered in either dataset, IFs estimates initial values using a statistical relationship with calories per capita. 
	Since the forecast logic of MALNPOP is analogous to the one used in the estimation and forecast of poverty in IFs (see above for more information), the following sections will detail the data, initializations, and projections of its driving variables. 
	Minimum Dietary Energy Requirement  
	The MDER for any given country is the cutoff point that FAO uses to determine undernourishment. It is reported in kilocalories/day and is based on the weighted average of minimum energy requirements of different age and sex groups. MDER data for the project came from the FAO’s Food Security Indicators and covers 184 countries over 20 years. As Eritrea and Kosovo are not represented in this dataset, we initialize them with data from Ethiopia and Serbia, respectively. 
	We forecast MDER with a 2nd degree polynomial function, using the median age of the population as the sole independent variable.25 Differences between data and statistical estimates are preserved through use of a multiplicative shift factor. 
	25 For information regarding the initialization and forecast of the median age of population, see https://pardee.du.edu/wiki/Population. 
	25 For information regarding the initialization and forecast of the median age of population, see https://pardee.du.edu/wiki/Population. 

	  
	Figure 35: Relationship between the median age of a population and MDER in 2017. The points represent individual countries. 
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	Source: Authors’ calculations. 
	P
	Coefficient of Variation 
	The CV is a measure of the dispersion of the distribution of the caloric intake within the general population. Higher CV values represent larger dispersion, or higher inequality in caloric intake. Thus, the CV is like the Gini index of income inequality. 
	Original data for the project was derived from the FAO’s Food Security Indicators covering 186 countries over 20 years. Where available, FAO calculates CV using national household survey data. It relies on three approaches, depending on how accessible and reliable country-level survey data is. First, FAO attempts to group average food expenditure by income class. Second, if expenditure data is not available, FAO then turns to survey data distributed by household income, as measured by the Gini-coefficient. 
	FAO suggests significant uncertainty in the estimation of the PoU’s model parameters (including CV), resulting in low precision in its estimates of PoU (FAO et al. 2020). These observations also became clear and posed a significant challenge in the estimation and projections of undernourishment in IFs. In addition, during the construction of the model and writing of this report, FAO ceased to publicly host the dataset. For these reasons, we have decided to initialize the CV with an inferred value-based on d
	The IFs model allows for an endogenous forecast of the coefficient of variation as well as an exogenous forecast. The endogenous forecast is based on literature linking the coefficient of variation to differences in economic development and accessibility, physical accessibility, and social equality (Iram and Butt 2004; Headey and Alderman 2019; Hasegawa, Fujimori, Takahashi, et al. 2015). However, here we use the same approach as with the Gini-coefficient and exogenous imposed CV values, depending on the sc
	Forecasting Child Stunting in IFs 
	Child stunting refers to children from zero to 59 months of age with a height-for-age ratio greater than two standard deviations (<-2 SD) below the WHO Child Growth Standards median (FAO et al. 2020). In IFs, child stunting is initialized using data from the World Development Indicators compiled by the World Bank from officially recognized sources covering 147 countries over 36 years. For countries without data, child stunting is initialized using initial year values of malnourished children. 
	A survey of the literature suggested that drivers of child stunting are associated with factors contributing to undernourishment in children, such as disease spread, access to WATSAN, and caloric availability, as well as with the position of mothers in the household, their education levels, access to health and general use of vaccinations, and breastfeeding (Figure 36). Following the review, we undertook a statistical exercise to determine an approximate model. The final model comprised two variables: 1) th
	Forecasts of child undernutrition and child stunting are, unlike PoU, largely a result of the underutilization of calories, often from diarrheal disease caused by poor sanitation and contaminated water. In IFs, child undernutrition is forecast as a function of calories per capita (CLPC) and access to safe water (WATSAFE), and improved sanitation (SANITATION) in the governance and infrastructure models. Female secondary completion rate is estimated using the IFs education model and is the result of a system 
	26 For more information on the IFs education model, see https://pardee.du.edu/wiki/Education. 
	26 For more information on the IFs education model, see https://pardee.du.edu/wiki/Education. 

	Figure 36: Example of conceptual framework from that links childhood stunting to its associated immediate, underlying, and basic drivers. 
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	Figure
	Source: (Akseer, Vaivada, et al. 2020). 
	P
	Appendix D - Sensitivity analysis on GDP growth rates and distributional effects 
	Figure 37
	Figure 37
	Figure 37

	 depicts the difference in the rise in extreme poverty, undernourishment, and child stunting relative to a No-COVID scenario for GDP growth rates from IMF and World Bank. The results are depicted for the Current Path scenario. Overall, the differences between the scenario forecasts in 2020 and 2040 are considerably smaller than the difference between the Current Path scenario and Unequal Paths scenario. In 2020, World Bank GDP growth projections are slightly more optimistic than IMF, resulting in a rise in 

	While the World Bank projects a smaller drop in average global GDP, it also projects a less pronounced recovery in 2021 and 2022. A major difference is the projected recovery in India in 2021, dropping from a projected 12.6 percent by IMF to 8.3 percent by World Bank because of the more recent outbreak of COVID-19 in India and Southern Asia. Consequently, by 2040, projections on poverty, undernourishment, and child stunting result in a higher rise with World Bank GDP growth numbers compared to IMF GDP growt
	Figure 37: Comparison between a scenario run with IMF GDP growth rates and World Bank GDP growth rates for the effect of COVID-19 on extreme poverty, undernourishment, and child stunting in 2020 and 2040. 
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	Source: Authors’ calculations. 
	To further assess the importance of GDP growth rate assumptions and distributional effects, we ran a set of additional scenarios with varying assumptions on GDP growth, Gini, and the coefficient of variation (Figure 38). We use the Current Path scenario as the starting point, reducing GDP growth rates by -0.5 percent, -1.0 percent, -1.5 percent, and -2.0 percent for all countries from 2020 to 2022. Note that the -1.5 percent change is equivalent to that of the Unequal Paths scenario but excludes changes to 
	Figure 38: Uncertainty analysis on GDP growth rates (left panel) and changes in Gini and coefficient of variation (right panel) relative to the Current Path scenario. Results are depicted for the global outcomes of extreme poverty, undernourishment, and child stunting from 2017 to 2040. 
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