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COVID-19 and the Future of 
Food Security  
Methodological Note – Updates to the Initial Analysis 

Overview 
This document describes the methodological approach for updating our initial analysis of the long-term 
effects of COVID-19 on the future of food security. We describe the design of the analysis, the 
scenarios and implementation of the analysis in the International Futures (IFs) model, and the sources of 
data employed. In addition, we compare the outcomes presented in the first analysis titled The Future of 
Food Security in the Wake of the COVID-19 Pandemic (Verhagen et al. 2021), with the most recent 
analysis (Pirzadeh and Verhagen, 2022), using updated data on economic growth, inequality, education, 
and government debt. This document also outlines the differences in the results between the initial and 
the updated analyses. A complete description of the underlying methodology for the full analysis can be 
found in the first report referenced above. 

The International Futures Model 
We use the International Futures model (IFs) to develop the scenarios and to quantify the effects of 
COVID-19 on food security. IFs is a modeling platform designed for projecting 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 (Figure 1). It provides projections across all these domains, in integration, for 186 

countries, through the year 2100. IFs has been widely used in the policy-science interface to inform 
strategic thinking across a host of development topics, with a recent focus on questions about COVID-
19 and human development (Hughes et al. 2021; Moyer et al. 2022; Moyer and Hedden 2020; Verhagen 
et al. 2021). The model is open-source and documentation can be found online. For food security 
analysis, the interactions between the demographic, economic, and agriculture sub-module are most 
important. 

 

https://pdf.usaid.gov/pdf_docs/PA00XXGK.pdf
https://pdf.usaid.gov/pdf_docs/PA00XXGK.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZN1F.pdf
https://pdf.usaid.gov/pdf_docs/PA00ZN1F.pdf
https://www.ifs.du.edu/ifs/frm_MainMenu.aspx
https://pardeewiki.du.edu/index.php?title=International_Futures_(IFs)
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The IFs demographic model projects 
demographic changes over time, in terms of total 
population, age-distribution and sex-distribution. 
The IFs model represents the population as an 
age-sex cohort component structure (Hughes et 
al. 2015). Demographic changes are determined 
by trends in fertility, mortality, and migration. 
The IFs mortality model follows the structure of 
the World Health Organization Global Burden 
of Disease project (Murray et al. 2020), including 
a representation of mortality and morbidity 
across 15 categories that can be further 
subdivided into non-communicable diseases, 
communicable diseases, and injuries and 
accidents. Mortality forecasts are a function of a 
set of longer-term distal drivers of GDP per 
capita, education, and technological advance, and 
a set of proximate risk factors including obesity, 
smoking, indoor air pollution, access to safe 
water, and child stunting (Hughes et al. 2011, 2015). The fertility model projects age-specific fertility 
rates of females across countries over time. IFs uses a formulation of fertility driven by average income, 
income distribution, education level, infant mortality, and contraception use (Hughes et al. 2011, 2015). 
Migration rates are exogenously prescribed to the IFs model based on exogenous forecasts from the 
International Institute for Applied Systems Analysis IIASA (KC and Lutz 2017).  

The IFs economic model is a general equilibrium model, with dynamic-recursive feedbacks for long-term 
analysis. The IFs economic model represents six sectors, agriculture, energy, materials, manufacturing, 
services, and information and communications technology (ICT). A Cobb-Douglas production function 
with Solow residual calculates economic growth based on changes in labor, capital, and productivity for 
each sector. Labor is a function of growth in the working age population, mostly informed by the 
demographic model. Capital is a standard motion-function determined by last year’s capital stocks, yearly 
investments, and the depreciation rate of capital. The productivity term in IFs is driven by progress in 
human capital (education and health), physical capital (infrastructure), social capital and governance, and 
knowledge capital and diffusion (based on research and development and economic trade integration) 
(Hughes and Narayan 2021). The macro-economic model is coupled with a social accounting matrix that 
represents flows between different agents such as households, governments, and firms (Moyer et al. 
2022).  

The full six sector economic model is coupled with a partial equilibrium agricultural model that 
describes the agricultural economy in both value and biophysical terms. The agricultural model 
represents three commodity groups: crops, meat, and fish. Crop production is a function of changes in 
land under cultivation and productivity of that land. Productivity uses a Cobb-Douglas production 
function with Solow residual (Solow 1956) of investments in capital, agricultural labor force, and growth 
in agricultural technology, all from the economic model. An economic formulation of productivity does 
not account for biophysical constraints on increasing crop productivity over time. To constrain 
productivity growth within biophysical yield intensity limits, we add a saturation function in which 
growth in yield saturates the closer the current yield is to biophysical maximum (Mueller et al. 2012; van 
Zeist et al. 2020). Land under cultivation is a function of investment in the agricultural sector and land 

Figure 1. Overview of the International Futures 
Model.  Schematic overview of the main 
components of the IFs model across the human 
development system (dark blue), governance and 
socio-economic system (light blue), and biophysical 
system (grey). The overview does not specify 
interactions between all the sub-modules. 
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prices. Investments in agriculture are allocated to yield and land using a country-specific investment 
divider. This division changes over time based on the return on investment. Trade further changes food 
availability at the national level, using a global pooled trade model with push-pull dynamics based on 
historic patterns of agricultural trade. The combination of trade, agricultural productivity and land under 
cultivation determine the overall available food supply. 

Food security is a function of changes in food supply, food access and food utilization. Long-term trends 
are determined by changes in demography, economy and the agricultural system. Specific food security 
indicators can also be adjusted on the shorter term by price shocks, and changes to income and food 
distribution. For this analysis we focus on three core indicators of food security, namely extreme 
poverty, undernourishment and child stunting. The quantification of these indicators is explained in 
following sections. 

Developing Scenarios to Represent the 
COVID-19 Pandemic 
We developed three scenarios to quantify the impact of COVID-19 on long term food security. The 
scenarios projected the impacts of COVID-19 between 2020 and 2040 on economic growth, income 
inequality, inequality in caloric consumption, education loss related to school closures by level and 
gender, and changes in government debt. The scenario interventions and data sources used to inform 
the scenario assumptions are the result of a literature review and participatory scenario sessions with 
researchers from the World Bank, the International Monetary Fund (IMF), the United States Agency for 
International Development, the International Food Policy Research Institute, the University of Ontario, 
and the Center for Global Development. The three scenarios are: 

1. A baseline COVID-19 Current Path scenario, which uses existing data and trends to project the 
effects of COVID-19 on economic growth, inequality, education loss, and rises in government debt. 

2. A more pessimistic COVID-19 Unequal Paths scenario, which describes a world in which the 
effects of the COVID-19 pandemic worsen, and inequalities between countries rise, with additional 
negative effects primarily falling to low- and middle-income countries. 

3. A counterfactual No-COVID scenario, which projects long-term development trends in the world 
had the COVID-19 pandemic not occurred. 

Data Sources and Updates  

The first main update to the initial analysis was a revision of historical data on food security. We 
collected data on the prevalence of undernourishment (PoU) from the Food and Agriculture 
Organization (FAO). The FAO releases updates to PoU on an annual basis in conjunction with the State 
of Food Security and Nutrition World Report. In 2020, the FAO released the PoU series with major 
historical revisions to data (FAO et al. 2020). The bulk of these revisions were largely attributed to 
updates to household survey data in China from 2011 to 2017. These updates reflect the progress 
mainland China has made in increasing food consumption for the poorest strata of the population via 
socio-economic gains (Cafiero, Feng, and Ishaq 2020). The revised PoU series brings China down from 
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an undernourished population of 9.6% (129 million people) in 2011 to less than 2.5% (33.6 million 
people). In addition, there were historical revisions for several other countries resulting in a total drop 
of 127.6 million people undernourished in 2017. Subsequent revisions from FAO lowered the 2017 
estimates even further, with the number of undernourished in 2017 currently at 594.6 million compared 
to 840 million, as included in our initial analysis. 

The second main update was on COVID-19 effects reflecting the latest insights from international 
organizations on the effects of COVID-19 on GDP growth, inequality, education, government debt in 
2020 and beyond. Regarding the impact of the pandemic on growth rates, we updated our analyses from 
the previous report in two ways. The initial report used GDP growth rates released by the IMF in April 
2021 (IMF 2021b). In the updated analysis, for 2020, we have used economic growth rates calculated by 
the World Bank. For the 2021-2023 period, we used growth rates from the January 2022 IMF World 
Economic Outlook release (IMF 2022). We decided against incorporating the April 2022 IMF growth 
rates as these were affected by the converging crises of the pandemic and the Ukraine war, making them 
unreliable as future projections. In the No-COVID scenario we used pre-pandemic growth rates released 
by the IMF in 2019 (IMF 2019), thus excluding any effects of COVID-19. The post-2023 economic 
growth forecasts are based on endogenous forecasts produced by IFs. For income and caloric 
distribution inequality, we start with an acknowledgement that there is great uncertainty on how 
COVID-19 affects such inequality within countries (Lakner et al. 2022; Lustig et al. 2021; Narayan et al. 
2022). Therefore, we rely largely on assumptions related to the effect of COVID-19 on inequality. 
Assumptions on inequality remained the same in both versions of the report, with a one percent 
increase in income inequality and coefficient of variation in the Current Path scenario, and up to two 
percent in the Unequal Paths scenario. Emerging evidence from individual countries suggests an average 
rise in income inequality from COVID-19 of 0.93 percent. Previous model-based analyses also found 
similar rises in income inequality of between one and two percent (Lakner et al. 2022; Narayan et al. 
2022). In the No-COVID scenario both the Gini coefficient and the coefficient of variation remain stable 
from 2019 onwards. For education, we relied on studies showing that school closures associated with 
the pandemic have resulted in immediate learning losses, with risks for long-term losses in education as 
well as an increase in the number of students dropping out of school (Kaffenberger 2021). Studies of the 
profile of students most at risk of dropping out due to the pandemic are contained in a 2020 report 
published by the World Bank (Azevedo et al.), disaggregated by country-income group, gender, and 
school level. The World Bank measures the number of students at risk of dropping out of school 
because of COVID-19, and for the analysis presented we assumed that all students at risk actually drop 
out of school. COVID-19 also affected the quality of education offered, particularly in countries where 
options for remote learning activities are limited. Education quality in the Current Path scenario was 
reduced following the World Bank baseline scenario for 2020 and 2021 (Azevedo et al. 2020). In the 
Unequal Paths scenario, we lowered education quality based on the effects projected in the World Bank 
high impact scenario. School dropout rates in 2020 and 2021 were multiplied based on the extent of 
school closures in 2020 and 2021 (UNESCO 2021), with longer school closures resulting in higher 
dropout rates. Lastly, regarding government debt, we found COVID-19 has resulted in increasing 
government debt in many countries. Increases in government debt for 2020 and 2021 came from the 
IMF Fiscal Monitor (IMF 2021a) and were used for the Current Path scenario. Additional reductions in 
government spending were assigned in the Unequal Paths scenarios to countries with low levels of debt 
sustainability (IMF and World Bank, 2021). The approach to build the scenarios remained the same 
between the updated report and the previous analysis. The main differences are in updated data on 
prevalence of undernourishment, economic growth, school closures and government debt. In addition, 
more detailed data series means many effects assigned at the world region level for the previous report 
are now implemented at the individual country level.
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Quantifying Extreme Poverty, Undernourishment, and Child Stunting 

The full report documenting the initial analysis contains a technical appendix on the formulation of 
extreme poverty, undernourishment, and child stunting in the IFs model. To summarize, extreme 
poverty is measured as the percentage of the population consuming less than 1.90 USD per day. The 
poverty module (Hughes et al. 2009; Moyer et al. 2022) uses inputs from the economic growth and 
inequality modules to calculate poverty under 1.90 USD per day. Within-country income distribution is 
measured using the Gini coefficient. Average consumption is a function of GDP per capita from the 
economic model. IFs forecasts poverty by first taking disposable income, from the economic model, and 
allocating it to either consumption or savings. This allocation is driven by three factors. First, the model 
adjusts the consumption/savings ratio based on long-term changing patterns of country development. As 
GDP per capita rises, countries increase their share of savings relative to consumption. Next, the model 
adjusts consumption and savings shares in response to changing demographic age structure. Finally, the 
model adjusts patterns of consumption/savings based on signals sent from sectoral prices and interest 
rates. Both signals are driven by equilibrating mechanisms connected to underlying inventory stocks. We 
use a log-normal distribution to describe the pattern of consumption across the entire population of a 
country. The log-normal distribution can be parameterized using the average consumption (mean) and 
the Gini coefficient (standard deviation) to arrive at a share of population below a certain income 
threshold (USD 1.90). Gini coefficients are kept flat throughout the scenarios with an exogenous 
imposed change due to COVID-19. As such, the long-term trends in poverty are determined by 
population dynamics and average consumption dynamics. 

The prevalence of undernourishment follows a similar calculation, following the approach first 
introduced by the FAO (2021). We use a log-normal distribution function to describe caloric 
consumption within populations. The function is informed by the average calories per capita per day 
(mean), the coefficient of variation (standard deviation) and the minimum dietary energy requirement 
(threshold). Projections on the calories per capita per day consumed are a function of GDP per capita. 
The caloric consumption is further adjusted over time by dietary changes, with a higher share of animal 
protein associated with rising levels of GDP per capita, and food price elasticities informed by balancing 
mechanisms from food inventory stocks. The coefficient of variation remains unchanged in the forecasts, 
except for exogenous imposed changes in the COVID-19 period. The minimum dietary energy 
requirement is country-specific and determined by population structure. Projections are based on 
changes in the median age of the population, with younger populations consuming fewer calories than 
aging populations (Verhagen et al. 2021). Over time, forecasts in undernourishment are determined by 
changes in average caloric consumption, price dynamics partly by agricultural production, dietary shifts, 
and demographic changes. 

Very few long-term projections of child stunting exist. We developed a novel approach to projecting 
child stunting by combining a statistical approach and integrating the resulting model into the IFs model 
(Verhagen et al. 2021). Child stunting in IFs is a function of food access through average caloric 
consumption, with socio-economic changes in maternal education levels and access to water and 
sanitation infrastructure. The latter two are listed as important drivers for child-related 
undernourishment, including child stunting, as women tend to be the primary caretakers of children and 
access to water and sanitation is strongly associated with diarrheal disease (Jeuland et al. 2013). Since 
the beginning of the COVID-19 pandemic, child stunting is affected by changes in economic growth 
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affecting caloric consumption, by COVID-19 induced education losses, and by changes in government 
debt limiting investments in water and sanitation and education in the long-run. 

Comparing the Updated Analysis to the 
Initial Results 
The analysis and scenarios remained largely the same between the updated and the initial analyses. In 
addition, the long-term effects of COVID-19 and the differences between scenarios has also largely 
remained the same between the reports. However, there are significant differences in the absolute 
numbers in the forecast, especially for undernourishment. There are three main changes between the 
current analysis and the previous analysis that are relevant for a comparison. First, FAO provided a 
revised update of historical data series on undernourishment. This revision brings down the global 
number of undernourished people by 127.6 million in 2017, largely because of changes to the coefficient 
of variation and a strong downward revision in China (FAO et al., 2021). As such the historical starting 
point of the analysis has quite dramatically changed between the old analysis and the new report. A 
second change is related to the new data on COVID-19 impacts. The main change here is the new IMF 
COVID-19 GDP growth rates, with some smaller revisions to government debt and education data. 
Third, the IFs model is continuously under development. For the report documenting the initial analyses 
we used version 7.67, whereas for this report we use IFs version 7.85. An updated version means 
updates to both incoming data and to forecasts. The main change to data is the use of the updated 
undernourishment series. The FAO estimates PoU, with a minimum value of 2.5% assigned to all 
countries, including high income countries. In the new version, we calculated the PoU based on caloric 
consumption data from FAO, allowing for countries with less than 2.5% PoU. This improvement 
resulted in a further downward revision of incoming undernourishment data for 2017, with a reduction 
in undernourishment in high-income countries. This change is treated as part of the “FAO data 
revision”. The only change in structural model behavior for the projections in the agriculture and food 
security model is a small update to the treatment of household consumption in the years directly 
following the COVID-19 shock. 

Table 1. Comparison between the outcomes for extreme poverty, undernourishment, and child stunting in 
the Current Path scenario between the previous report and the updated report. The comparison is in 
millions of people at the global level in 2040. 

 Current Path 2040 global 

Outcome Previous analysis Updated analysis Change 

Extreme poverty 666.3 million 599.5 million -66.8 million 

Number of Undernourishment 795 million 492.8 million -302.2 million 

Child stunting 105.3 million 107.3 million +2 million 
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Table 1 provides an overview of the difference in the 2040 projections of the Current Path for extreme 
poverty, undernourishment, and child stunting at the global level between this analysis and the last 
report. Changes in extreme poverty (Previous: 666.3 million vs Updated: 599.5 million) and child 
stunting (Previous: 105.3 million vs. Updated: 107.3 million) are relatively minor. However, the change in 
undernourishment is significant with more than 300 million fewer people projected to be 
undernourished between the previous report (795 million) and the updated analysis (492.8 million). 

These differences in undernourishment can be attributed to changes in historical data series from FAO, 
updated COVID-19 scenarios, and an updated version of the IFs model. Figure 2 provides a breakdown 
of the changes in undernourishment across these three components. Clearly, the change in projections 
can be almost entirely attributed to data changes (-308 million), with small changes related to the 
updated COVID-19 scenarios and the new IFs model version. As such, the reason that the absolute 
values for undernourishment are different between the updated and the last report is overwhelmingly 
due to data revisions by FAO. 

Figure 2. Breakdown of the difference in undernourishment between the previous report and the updated 
analysis, due to the FAO data revision, the updated COVID-19 scenarios, and the new version of the 
International Futures model (IFs).  
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