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Global Food Demand Projections 

A Review 

MICHIEL VAN DIJK, YASHAR SAGHAI, MARIE LUISE RAU, AND TOM MORLEY 

SINCE THE 1960s, the world population has increased from about 

three billion to more than seven billion people. 1 At the same time, 

although inequality remains large, global average gross domestic prod

uct (GDP) per capita worldwide has increased almost threefold from 

around US$3,700 per capita to more than US$10,ooo per capita mea

sured in constant 2010 dollars. 2 Most of the growth can be attributed to 

the emerging economies such as China and India, but notable progress 

has also occurred in African countries. Population and income growth 

have led to an increasing demand for food. At least until the end of the 

past century, modernization of farming systems, technological change, 

and increase in trade ensured that food supply kept pace with the in

creasing demand for food, illustrated by the trend in decreasing food 

prices.3 Nonetheless, the food price spikes in 2007-8 indicated that the 

balance between food demand and food supply is becoming fragile. 

The latest population projections show that the world popul3:tion 

will reach 9. 8 billion in 20 5 o and I 1. 2 billion in 2 I oo, resulting in an 

increase in the demand for food. At the same time, climate change is 

expected to have negative effects on agricultural yields, and crops such 

as maize and sugar are increasingly used for the production of biofuels, 
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putting additional pressure on the food demand-and-supply equation. 

An important question that arises is what this all means for future food 

demand. Will food consumption continue to grow in the future? And 

by how much would the production of food need to increase in order 

to satisfy food demand? 

The aim of our study is to review and compare existing scenarios of 

world food demand up to 2050. These explorative scenarios present 

trends on contrasting but plausible developments of food demand in the 

future and, hence, provide information on the required increase in the 

food production that is necessary to feed the world population by 2050. 

This latter issue is a key question for policy makers and scientists. In 

general, it requires an assessment of the earth's capacity to produce suf

ficient food and/or an analysis of population dynamics and diets. Note 

that our analysis does not cover the question, By how much should food 

demand and production change in the future to feed the world popula

tion? This normative question requires different types of scenario stud

ies that we do not cover in our review. 

Drivers of {Future) Food Demand 

The global demand for food, now and in the future, is strongly influ

enced by several key driving forces. The most obvious factor is popula

tion growth. A second important determinant of global food consump

tion constitutes the changes in dietary patterns. In particular, lower- and 

middle-income countries are experiencing a rapid "nutrition transi

tion "4,5,6 from a traditional diet of grains rich in fiber toward a "West

ern diet" that is high in saturated fats (especially from animal products), 

sugar, and processed foods. 7,8,9 The most important drivers of the nu

trient transition are economic growth, urbanization, technical change, 

and culture. 10 In this section, we first discuss the three main drivers of 

global food demand and reflect on how their development may affect 

the change in food demand in the future. Factors like culture, beliefs 

and religion also play a very important role in determining diet. These 

are, however, very idiosyncratic factors that often differ from country 
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to country and are therefore very difficult to incorporate into global 

food demand projections. For this reason, we do not discuss them here. 

Population Growth 

According to the medium variant in the United Nations World Popula

tion Projections (figure 9.1), the global population will increase from 

7.4 billion in 2015 to 9.8 billion in 2050. If we assume that average 

global food consumption remains constant at 2,897 kcal/cap/day, 11 a 

simple back-of-the-envelope calculation reveals that total food demand 

(measured as food availability) will increase by 32 %. If we also consider 

the low and high variants of the population projections, the demand 

for food will increase by between 19% and 47% over the coming four 

decades. 
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Figure 9.I. UN Population Projections. (A) High, medium, and low world 
population projections; (B) Medium world population projections by region. 

Source: Data from "2017 Revision of World Population Prospects," United Nations 
Department of Economic and Social Affairs, 2018, https://population.un.org/wpp/. 

100 FOOD SYSTEMS IN CONTEXT 

Oceania 



.-
050 

ia 

FOOD AVAILABILITY AS PROXY FOR FOOD DEMAND 

There are several sources of information that can be used to make 
international compari'sons of the demand for food. Probably the most 
accurate sources are household budget surveys and individual dietary 
surveys, which provide detailed information o~ the consumption 
pattern at the individual and household level. Unfortunately, this 
type of information is difficult to compare across countries due to 
differences in methodology, definitions, and country coverage. For this 
reason, all global analyses of (future) food demand, including those in 
this chapter, use food availability from the FAOSTAT Food and 
Balance Sheets as an indicator of food consumption. 

See John Kearney, "Food Consumption Trends and Drivers," Philosophical 
Transactions of the Royal Society of London. Series B, Biological Sciences 3 6 5, 
no. r554 (September 2oro): 2793-2807, and Sophie Hawkesworth et al., "Feeding 
the World Healthily: The Challenge of Measuring the Effects of Agriculture on 
Health," Philosophical Transactions of the Royal Society of London. Series B, 
Biological Sciences 365, no. r554 (September 2oro}: 3083-97. 

Most of the population growth will occur in Africa, where the total 

population is expected to more than double from 1.2 to 2.5 billion over 

the period 2015-50. At the same time, with 2,597 kcal/cap/day, Africa 

is also the region with the lowest average food consumption. Hence, 

the combination of rapid population growth and the expected nutrient 

transition toward diets that are higher in energy content will have a dis

proportional effect on total global food demand. The impact on other 

regions will be much smaller because of lower projected population 

growth and higher average food consumption levels. 

The FAOSTAT Food and Balance Sheets (FBS) provide country-level 

annual breakdowns of the food that is available for human consump

tion. Food availability is calculated as total food produced in and im-

. ported into the country, minus exports of food, minus food used for 

other purposes (e.g., livestock feed, seed use, and losses along the sup

ply chain), divided by population size. All food items are expressed in 

"primary commodity equivalent" (the amount of primary commodity 

input that would be required to produce a given amount of derived 

product output). This means that, for example, quantities of bread are 
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expressed as wheat equivalents, using a product-specific technical coef

ficient, and th_en added to other wheat (equivalent) availability measures. 

Food availability is expressed in terms of both quantity and raw energy 

equivalent (kcal/cap/day), which can easily be aggregated and compared 

across countries. 

The FBS Food availability indicator has to be regarded as a proxy 

for the actual food that is consumed. Comparison with household bud

get surveys has shown that it tends to overestimate actual food con

sumption. The main reason for this is that the availability indicator 

does not account for food waste and food fed to animals at the household 

and retail levels.12,13 

Economic Development and Income Change 

Income change is one of the main drivers of food demand and diet shifts. 

Two well-known empirical relationships describe distinct aspects of the 

connection between income and food demand. The first is Engel's law, 

named after the German statistician Ernst Engel (1821-96), which states 

that the proportion of food expenditure to total expenditure declines 

as income increases. 14 The second law is Bennett's law, named after 

M. K. Bennett, 15 who presented a pioneering study in which the diet 

composition of 40 countries is related to per capita income for the pe

riod 1934-39. Bennett's law shows that as people become wealthier, the 

share of starchy staples (e.g., cereals, potatoes, and plantain) in the diet 

will decrease, while the share of animal-related products, sugars, fruits, 

and vegetables will increase. The main explanation for this observation 

is that consumers tend to improve the variety of their diet as soon as 

they can afford it. As we discuss later, the empirical relationships de

scribed by Engels's and Bennett's laws are a key for the modeling of 

future food demand. 

Bennett's law is illustrated by plotting the share of meat consump

tion in the diet against economic development at the country level 

(figure 9.2). The figure clearly shows a positive relationship between meat 

consumption and income per capita. In most developing countries, in 

particular those located in Africa and Asia, the share of meat consump-
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Figure 9.2. Meat Consumption and GDP per Capita, 2010-2015. Meat consumption includes bovine, mutton on goat, pig, poultry, 
and other meat groups. 

Notes: Values are averages for the period 2010-15. The dashed lines indicate global averages, and the size of the circles measure population size. 
PPP= purchasing power parity. Source: Data on meat consumption: "FAOSTAT," Food and Agriculture Organization, http://www.fao.org/faostat/en/. 
Data on GDP per capita and population data: "World Development Indicators," World Bank, 2018, https://datacatalog.worldbank.org/dataset/world 
-development-indicators. 



tion in the total diet is below the world average of 8%, while countries 

with a high income per capita exhibit a meat consumption of up to 23 %. 

Bennett's law has important implications for the projection of future 

food demand. The OECD long-term global growth prospects expect 

that GDP per capita in the poorest economies will more than quadru

ple in the period from 2011 to 2060. 16 Combining these projections im

plies a dramatic increase in meat consumption for many African and 

Asian countries. 

Urbanization 

Apart from changes in income and population growth, urbanization, 

defined as the proportion of the urban residents in the total population, 

is considered a key driver of future food demand. Although urbaniza

tion is strongly linked to and interacts with economic development, it 

also has an independent effect on the pattern and structure of diets. 17 

Several studies show a clear difference in food consumption patterns 

between urban and rural populations. 18 Overall, the diet of urban resi

dents is characterized by consumption of superior grains ( e.g., rice and 

wheat instead of corn and millet), foods higher in fat, more animal prod

ucts, more sugar, and more processed food that is often prepared out

side the home. This is illustrated by comparing the diets of households 

in urban and rural areas in Vietnam (figure 9.3). 

There are various causes that explain this finding. 19 First, work done 

by urban residents is mainly sedentary and therefore requires less calorie

rich food than more physical demanding activities, which are often re

lated to agriculture in rural areas. Second, food availability and income 

differ between urban and rural areas. In rural areas, most consumers 

are farm households that produce most of their own food, which means 

that the diet is often restricted to a relatively small number of crops that 

are regionally produced (e.g., starchy roots and tubers). This pattern 

contrasts with urban areas, where households generally do not grow 

their own food and have access to a broader selection of food prod

ucts. The rapid increase in the number of supermarkets in African, Latin 

American, and Asian cities,2° as well as the spread of "fast-food" res-
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Figure 9.3. Comparison in Diets between Urban and Rural Areas in Vietnam. 
Source: Data from Thomas Reardon, David Tschirley, Michael Dolislager, Jason 

Snyder, Chaoran Hu, and Stephanie White, "Urbanization, Diet Change, and 
Transformation of Food Supply Chains in Asia," Michigan State University, May 2014. 

taurants, has made it easier for urban residents to purchase preprocessed 

products and "Western-style" food. Finally, urbanization is associated 

with greater participation of women in the workforce. The increased 

opportunity costs of time for women in combination with higher wages 

has shifted demand toward more processed foods with shorter prepa

ration times and away from traditional food products. 21 

By far most of future population growth depicted in figure 9.1 will 

take place in urban areas. The urban population of the world has grown 

rapidly from 7 5 1 million in 19 5 o to 4 billion in 201 5. According to the 

2018 Revision of World Urbanization Prospects of the United Nations, 

the overall growth of the world population would add more than 2. 5 

billion people to urban areas by 2050. 22 A large part of this growth will 

take place in populous developing countries, such as China, India, and 

Nigeria and will therefore have a dramatic impact on the growth in 

global food demand. 
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The Prevailing View: Food Demand Will Increase by 70% 
(or 60%) in 2050 

If one searched the Internet for an answer to the question, By how much 

will global food demand increase by 20 50?, there is a large chance one 

would find 70 % . This figure, which was downscaled to 60 % in a revi

sion, 23 has been (and still is) frequently cited in the media. It is evident 

that this figure (hereafter referred to as the 70% figure) has had consid

erable impact on the political, public, and scientific debate about global 

hunger, food price trends, and the capacity of the planet to feed the 

global population. In this section, we briefly describe its origins, sum

marize the methodology that was used to derive the figure, and outline 

several reasons why the 70 % figure should be interpreted with care. 

Its Origins: The Food and Agriculture Organization 

"World Agriculture: Towards" Studies 

The 70% figure was first reported in a Food and Agriculture Organ

ization (FAO) briefing paper that was released on 23 September 2009, 

as part of the High-Level Expert Forum on "How to Feed the World in 

2050." The paper stated that, "in order to feed this larger, more urban 

and richer population, food production (net of food used for biofuels) 

must increase by 70 percent." 24 It is part of a series of FAO reports that 

assesses future world agriculture and food, the "World Agriculture: 

Towards ... " (or FAO WAT) studies (figure 9.4). 25 

The basis of the 70% figure is the fourth report in the series, titled 

"World agriculture: Towards 2030/2050 Interim Report." Using UN 

global projections for population growth and FAO historical statistics 

on global diet change, agricultural production, and crop and livestock 

yield, the report presents a baseline scenario on future development of 

agricultural production and world food demand and supply until 2050. 

One of the main findings is that global agricultural production will need 

to increase by 87% between the base year 1999/2001 and 2050. 26•27•28 

The 70 % figure is essentially based on the analysis presented in the 2006 

report with a minor update in terms of data and, most importantly, a 
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Notes: The figure does not depict the World Agriculture: Toward 2000 study, 
published in 1988. Source: Adapted from Harald Grethe, Assa Dembele, and Nuray 
Duman. How to Feed the World's Growing Billions: Understanding PAO World Food 
Projections and Their Implications (Berlin: Heinrich-Boll-Stiftung, 2011). 

more recent base year of 200 5/7. The shorter projection period (44 years 

versus 50 years) is the main reason for the lower estimate of the required 

increase in world agricultural production. 

Methodology 

The 70% figure (and subsequent 60% revision) reflects an increase in 

value terms using constant 1989/91 international dollar prices: "The fig

ures we use refer to the aggregate volume of demand and production 

of the crop and livestock sectors. They are obtained by multiplying phys

ical quantities of demand or production times price for each commod

ity and summing up over all commodities (each commodity is valued 

at the same average international price in all countries in all years)." 29 

It is based on a single baseline scenario that describes trends in agri

cultural production and food demand and supply for a range of com

modities and major regions. The scenario represents the "most likely" 
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future change in world agriculture and food, 30 and does not explicitly 

refer to what is "required to feed the projected world population or to 

meet some other normative target." 31 For this reason, hunger is not com

pletely eliminated in the FAO projections, and 4 % of the developing 

countries' populations is still undernourished in 20 50. The basis of the 

projections is the FAQ Supply-Utilization Accounts (SUAs), which are 

part of an accounting framework that annually harmonizes the sources 

and uses of agricultural commodities. The first step is the preparation 

of food demand projections by commodity and country using Engel de

mand functions and exogenous assumptions on population and GDP 

per capita growth. The results are then "inspected by the commodity 

and nutrition specialists and adjusted taking into account any relevant 

knowledge and information, in particular the historical evolution of per 

caput demand and the nutritional patterns in the country examined." 32 

In subsequent steps, food supply is projected and demand and supply · 

are reconciled, which involves "several rounds of iterations and adjust

ments in consultation with specialists." 33 

The projections for future food demand rely on the 2002 UN me

dium population projections and (extrapolated) World Bank GDP 

growth projections as key inputs. World population is assumed to in

crease by around 40% between 2005/7 and 2050, reaching 8.8 billion 

in 2050. GDP per capita is assumed to increase by 2.1% in 2030 and 

by 2.7% in 2050. Although GDP per capita and population growth are 

the main drivers of the 70% projection, the FAO WAT methodology 

also incorporates other drivers of the demand for food and other agri

cultural products, including changes in income distribution (through 

the GDP projections), sociocultural factors (by means of country spe

cific adjustments), food loss and waste, and the demand for biofuels. 

However, the reports present only very limited and often not specific 

information on how these factors have affected the food demand 

projections. 34 

The revised 60% figure is presented by Alexandratos and Bruinsma, 35 

who apply the same basic methodology and reference year (2005/7) but 

use updated information on agricultural statistics and projections for 
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population and GDP per capita growth. The main reason for the lower 

estimate is not a change in the food demand projections for 20 50 but 

higher values for 200 5/7 world production in comparison to the pro

visional figures that were used in the 2009 FAO briefing paper. They 

also indicate that the baseline scenario should be regarded as a "limited 

biofuels" scenario, as projections for biofuel demand apply only to the 

medium term. 

Why the FAO WAT Results Must Be Interpreted with Care 

For a number of reasons, the 70% (and 60%) increase in food demand 

should be interpreted with care. 36 First, the reference year that is used 

to calculate the 70% figure (2005/7) is more than 10 years old. As total 

agricultural production has increased since 200 5/7, the actual increase 

estimated when using the present as the base year for the projection will 

be surely lower. Second, FAQ uses a price-weighted index to measure 

aggregate food demand and production. A price-based index will grow 

faster than an index that uses calorie content as weights when there is 

a shift in the diet from low-priced staples toward higher-value products 

(e.g., processed foods and animal products). 37 Interestingly, the FAO 

WAT reports also present projections for the global change in kcal/cap/ 

day, which makes fr possible to calculate a calorie-based index of food 

demand that can be compared to other projections (see the next sec

tion). Third, the FAO WAT studies are largely based on expert knowl

edge (with limited documentation), which makes it very difficult to 

validate the assumptions and methodology. 38 Fourth, the FAO WAT 

projections do not take into account climate change, which is not real

istic in view of the current evidence on the (mostly) negative impact of 

climate change on agricultural production. 39 Finally, and most impor

tantly, the FAO WAT studies present only one baseline scenario. While 

the studies claim to represent the "most likely" future, there are, in fact, 

many other plausible futures and hence projections of food demand. Al

ternative projections of future population growth and income change 

will result in different food demand trajectories. It can hence be argued 
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that assessing only one scenario is potentially misleading as it suggests 

only a limited degree of uncertainty. 

Review of Recent Scenario-Based Food Demand Projections 

As described earlier, global food demand depends on the complex inter

action of several drivers whose future trajectory is far from clear. This 

means that future food demand is subject to a high level of uncertainty 

and might consequently diverge from the historical trend. A common 

approach to deal with high levels of complexity and uncertainty is the 

use of scenario analysis, which envisages several contrasting futures. A 

scenario is defined as a "plausible and often simplified description of 

how the future may develop, based on a coherent and internally consis

tent set of assumptions about key driving forces (e.g., rate of technology 

change, prices) and relationships." 40 To ensure consistency, scenario 

analysis often combines the development of storylines, which present the 

key features of potential future worlds (e.g., rate of technical change, 

population growth, and economic development), with quantitative mod

eling in order to assess the structural relationship between drivers and 

scenario outputs (e.g., agricultural production, food demand and supply, 

and number of people at risk of hunger). 41 Scenario analyses have been 

frequently used to asses major global issues, such as climate change, 42 

ecosystem change, 43 and environmental and sustainability challenges. 44 

They emerged only recently as a tool to assess global food security. 45 

In this section, we summarize the results of a systematic literature 

review to evaluate all major and recent global food demand scenario 

exercises. 46 Among the 6r that are included in the review, 23 use the 

"Shared Socio-economic Pathways (SSPs)" to quantify global food 

demand and supply. 47 In this section, we start by providing background 

information on the SSPs, followed by a brief description on the quanti

tative modeling approaches that have been used to quantify global food 

demand in a scenario setting. In the next two parts, we show the band

width of total food and commodity demand projections under different 

SSPs and provide an illustration of regional level results. 
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Shared Socioeconomic Pathways 

The Shared Socio-economic Pathways (SSPs) are a recently developed 

scenario framework, prepared by the climate change research commu

nity in order to assess the impact of climate change. 48•49 They consist of 

two elements: narratives that describe five alternative but potential 

future socioeconomic developments 50 and a database with projections 

for key driving forces, in particular population and GDP growth. 51,52 

The SSPs can be combined with assumptions on climate outcomes, the 

so-called representative concentration pathways (RCPs), to derive a ma

trix that reflects an elaborate scenario framework to assess the impact 

of climate change and its mitigation under a variety of socioeconomic 

conditions, such as the degree of inequality within and between socie

ties, types of technology development, economic development, consump

tion patterns, and international integration or fragmentation between 

nations and regions. 53 

The five SSPs represent a variety of often contrasting worlds that are 

intended to span a wide range of plausible futures (table 9.1). They in

clude a world with sustainable growth and equality (SSPr); a "middle

of-the-road" world in which future trends are comparable to historical 

patterns (SSP2); a fragmented world, characterized by nationalism and 

regional conflict (SSP3 ); a world with persistent and growing global in

equality (SSP4); and a world dominated by rapid fossil-fueled economic 

growth (SSP5). 

Methodologies to Assess Future Food Demand 

As described earlier, the FAO WAT studies heavily rely on expert opin

ion to prepare the food demand projections. This approach is not very 

transparent and therefore difficult to validate and replicate. The system

atic literature review by Van Dijk et al. shows that most recent studies 

use quantitative modeling approaches to assess future food demand. In 

these approaches, the structural relationship between drivers and the 

demand for food (following Engel's and Bennett's laws) is made explicit 

and analyzed in a consistent framework. Most of the studies that were 
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Table 9.1. Summary of SSP Narratives 

SSPl Sustainability 
The world shifts gradually, but pervasively, toward a more sustainable path, emphasizing 
more inclusive development that respects perceived environmental boundaries. Manage
ment of the global commons slowly improves, educational and health investments accelerate 
the demographic transition, and the emphasis on economic growth shifts toward a broader 
emphasis on human well-being. Driven by an increasing commitment to achieving develop
ment goals, inequality is reduced both across and within countries. Consumption is oriented 
toward low material growth and lower resource and energy intensity. 

SSP2 Middle of the Road 
The world follows a path in which social, economic, and technological trends do not shift 
markedly from historical patterns. Development and income growth proceeds unevenly, 
with some countries making relatively good progress while others fall short of expecta
tions. Global and national institutions work toward but make slow progress in achieving 
sustainable development goals. Environmental systems experience degradation, although 
there are some improvements and overall the intensity of resource and energy use 
declines. Global population growth is moderate and levels off in the second half of the 
century. Income inequality persists or improves only slowly and challenges to reducing 
vulnerability to societal and environmental changes remain 

SSP3 Regional Rivalry 
A resurgent nationalism, concerns about competitiveness and security, and regional 
conflicts push countries to increasingly focus on domestic or, at most, regional issues. 
Policies shift over time to become increasingly oriented toward national and regional 
security issues. Countries focus on achieving energy and food security goals within their 
own regions at the expense of broader-based development. Investments in education and 
technological development decline. Economic development is slow, consumption is 
material-intensive, and inequalities persist or worsen over time. Population growth is low 
in industrialized and high in developing countries. A low international priority for address
ing environmental concerns leads to strong environmental degradation in some regions 

SSP4 Inequality 
Highly unequal investments in human capital, combined with increasing disparities in 
economic opportunity and political power, lead to increasing inequalities and stratification 
both across and within countries. Over time, a gap widens between an internationally
connected society that contributes to knowledge- and capital-intensive sectors of the 
global economy, and a fragmented collection of lower-income, poorly educated societies 
that work in a labor intensive, low-tech economy. Social cohesion degrades and conflict 
and unrest become increasingly common. Technology development is high in the high-tech 
economy and sectors. The globally connected energy sector diversifies, with investments 
in both carbon-intensive fuels like coal and unconventional oil, but also low-carbon energy 
sources. Environmental policies focus on local issues around middle and high income areas 

SSPS Fossil-fueled Development 
This world places increasing faith in competitive markets, innovation and participatory 
societies to produce rapid technological progress and development of human capital as the 
path to sustainable development. Global markets are increasingly integrated. There are also 
strong investments in health, education, and institutions to enhance human and social 
capital. At the same time, the push for economic and social development is coupled with the 
exploitation of abundant fossil fuel resources and the adoption of resource and energy 
intensive lifestyles around the world. All these factors lead to rapid growth of the global 
economy, while global population peaks and declines in the 21st century. Local environmen
tal problems like air pollution are successfully managed. There is faith in the ability to 
effectively manage social and ecological systems, including by geo-engineering if necessary. 

Source: Keywan Riahi, Detlef P. van Vuuren, Elmar Kriegler, Jae Edmonds, Brian C. O'Neill, Shinichiro 
Fujimori, Nico Bauer, et al. "The Shared Socioeconomic Pathways and Their Energy, Land Use, and Greenhouse 
Gas Emissions Implications: An Overview," Global Environmental Change: Human and Policy Dimensions 42 
(January 1, 2017): 153-68, doi://doi.org/10.1016/j.gloenvcha.2016.05.009. This table is reproduced here under 
the terms of the Creative Commons 4.0 license. 



published after 2013 combine modeling with the SSP scenario frame

work in order to account for the large uncertainty in socioeconomic 

drivers and climate change. 54 

Taking a step back from the SSP scenarios, studies on future food 

demand can be divided into three broad approaches (figure 9.5). 55 The 

most popular is the use of global simulation models. Out of the 5 8 stud

ies that assessed future food demand, 49 used a global simulation 

model. Two types of models have mostly been used for the modeling of 

the food system: partial equilibrium (PE) models and computable gen

eral equilibrium (CGE) models. 56 Both PE and CGE models are eco

nomic simulation models in which trade, price development, and the 

clearing of markets are key in determining global food demand and sup

ply. The main difference is that PE models cover only the agriculture 

and food sector, whereas CGE models represent the total economy, in

cluding agriculture, energy, and manufacturing, but with less detail. 

A second approach, which was used by eight studies included in the 

systematic literature review, comprises statistical extrapolation in order 

to project food demand. 57 In this approach, calorie consumption per 

capita per day (total or per major food group) is regressed on explanatory 
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Figure 9.5. Frequency of Approaches Used to Assess Future Food Demand. 
Notes: The figure shows the results of 58 studies published between 2004 and 201.8. 

Source: Data from Michie! van Dijk et al., "Systematic Review of Global Food Security 
Projections," Presentation, 3rd International Conference on Global Food Security, 
December 2017. 
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factors, in most cases GDP per capita. The estimated relationship is 

subsequently combined with income per capita and population sce

narios to extrapolate total food demand into the future. Godfray and 

Robinson compare the strengths and weaknesses of simulation models 

and statistical extrapolation. The advantage of simulation models is that 

they explicitly capture the underlying dynamics that determine food de

mand, including the impact of food supply and prices. The statistical 

approaches do not capture this effect and therefore might generate bi

ased results-for example, if prices change dramatically in the future. 

A drawback of the simulation models is that they require a large amount 

of information, which is often not easily available. This may affect their 

performance when used in scenario analysis to project future trends. 58 

The final category is made up by the PAO WAT study, which mainly 

relies on expert opinion to generate food demand projections. 

SSP-Based Global Food Demand Projections 

In this section, we use the global food demand projections from the stud

ies identified by the systematic literature review to calculate by how 

much global food production needs to be increased to fulfill demand in 

2050 under different but plausible futures as described by the five SSPs. 

As such, they provide an alternative for the 60/70% figure presented in 

the PAO WAT and take into account the high level of uncertainty in 

socioeconomic drivers that is expected to affect the change in the future 

food demand. 

For 5 out of the aforementioned 5 8 studies, we are able to extract 

comparable information on food demand projections. To calculate the 

increase in food demand, we start by extracting information on global 

food demand projections expressed in kcal/cap/day-the preferred mea

sure of aggregate food demand as opposed to the price-weighted figure 

presented in the PAO WAT-for each of the five SSPs. Next, we multi

ply these values with the population growth projections, which differ 

between SSPs, to obtain the total global food demand in kcal. Finally, 

the increase in food demand in 2050 is calculated relative to 2010, the 

base year for most of the model studies. 
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There are three steps for the SSPs as well as the FAO WAT projec

tion (figure 9.6}. If we use the information on kcal/cap/day development 

up to 2050 in Alexandratos and Bruinsma's article and use 2010 (in

stead of 2005/7) as a base year, food demand is projected to increase 

by 44 % if one assumes no climate change. This figure is similar to that 

of Hunter et al.,59 who also present an update of Alexandratos and Bru

insma's article but limit their analysis to total cereal consumption and 

a base year of 2014. If we assume no climate change, food demand in 

SSP3, the scenario with the highest population growth but the lowest 

kcal/cap/day consumption, increases with on average 51% in 2050. In 

contrast, under SSP1, which describes a sustainable future with relative 

low population growth and medium calorie consumption per capita, 

and again with no climate change, food demand expands on average 

37%. Food demand projections for SSP2, SSP4, and SSP5 are in between 

those of SSP1 and SSP3, which represent the most extreme scenarios. 

Apart from the average SSP projections (in bold), figure 9.6b-c also 

depicts all individual scenario projections, which show much larger 

bandwidth, in particular for the kcal/cap/day projections. The wide 

range in results is caused by a combination of factors. Several studies 

assess future food demand under a range of climate change scenarios 

(i.e., RCPs combined with SSPs}, which (often negatively) affect food 

consumption. 60 Other factors that contribute to the variety in scenario 

results include differences in model design and reporting. 61 

Global Demand Projections at the Food Group Level 

The previous section reviewed global projections on total demand of 

food, adding together a broad range of food items that among others 

include animal-based products, fruits and vegetables, and cereals. Due 

to the high level of aggregation, such projections do not provide insights 

into the different patterns of dietary change, which, in addition to pop

ulation growth, are one of the main reasons why total food demand 

projections differ between the SSPs. 

The future dietary pattern will have a large influence on global health. 

At present, unhealthy diets, characterized by high consumption of red 
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and processed meat and low consumption of fruits and vegetables, are 

already responsible for the greatest health burden worldwide. 62 The sit

uation is expected to get worse in the future if the observed nutrient 

transition toward Western diets continues, resulting in an increase in 

nutrient-related noncommunicable diseases (NR-NCDs) that are asso

ciated with overweight and obesity. 63 The change in diets will also have 

a large influence on climate change. A growing demand for meat can 

be expected to push the expansion of the livestock sector, which makes 

up for the largest share of agricultural greenhouse gas emissions. 64 A 

recent study assessed the health and climate impact of a shift toward 

"sustainable" diets and found that the transition toward more plant

based diets could reduce global mortality by 6-10% and food-related 

greenhouse gas emissions by 29-70% in 2050. 65 

Reviewing the projections for future demand for meat and other food 

groups would have been interesting. Unfortunately, only a few of the 

studies, for which results are presented in figure 9. 5, present detailed 

information on the shifts in diet. In most cases, the results are not com

parable due to differences in the composition of food groups and cover 

only a subset of the SSPs. One recent study presents changes in the com

position of the diet for the world and China for three SSPs between 

2010 and 2050 (figure 9.7). 

Differences in diet trends between the three scenarios are clearly re

vealed in figure 9.7. In SSP1, as a consequence of a move toward a more 

sustainable lifestyle and a shift toward lower meat consumption, the 

share of meat in the diet decreases by around 19%. At the same time, 

the consumption of fruits and vegetables increases by more than 100%. 

SSP 5, which is characterized by high growth and resource-intensive life

styles, shows the opposite trend. Meat consumption increases by 69-

74 %, while fruit and vegetable consumption decreases by 5%. The SSP2 

scenario shows a pattern that lies between the change in diets projected 

by SSP1 and SSP2 (32-37% increase in meat and 19% increase in fruits 

and vegetables consumption). The pattern for China is similar, but the 

increase in meat consumption is much larger in SSP5 as a consequence 

of a change in diets induced by income growth, which illustrates impor

tant differences across regions. 
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Discussion and Conclusion 

The most cited figure on future global food demand originates from an 

FAQ study that projects that food production needs to be increased by 

70% (later downscaled to 60%) to fulfill demand in 2050. However, 

we have shown that this figure is not a satisfactory indicator of future 

global food demand. Unlike the FAO 70% figure, which presents only 

a single baseline projection of the "most likely" future, recent studies 

explore multiple plausible futures using a combination of scenario nar

ratives and model simulations. Many studies use the Shared Socio

economic Pathways (SSPs), which are the main scenarios used in climate 

change research, to capture the high level of uncertainty in socioeco

nomic factors (e.g., technical change, income development, and popula

tion growth) that drive future trends in global food demand. Com

paring a large number of food demand projections from a systematic 

literature review in Van Dijk et al., we find an average increase in future 

food demand between 37% and 51%, under the assumption of no cli

mate change, which is much lower than the 60-70% suggested by the 

FAO study. The main reasons for the difference are ( 1) the use of simu

lation models that account for feedback effects to project future food 

demand (as opposed to expert opinion), (2) the adoption of a more re

cent base year as reference (2010 instead of 2005/7), and (3) the use of 

a raw energy equivalent measure (i.e., kcal/cap/day instead of a price

weighted index) to measure food demand. 

Despite the improvements in methodology, the 3 7-5 1 % range still 

needs to be interpreted with care as it represents the range only in aver

age SSP projections. The real uncertainty in food demand projections is 

expected to be much larger as the individual scenario projections show 

a much wider bandwidth. The large spread can be attributed to a com

bination of factors, including the impact of climate change and other 

policy assumptions, differences in model design, and differences in the 

reporting of results. A meta-analysis that statistically compares the re

sults of all scenarios is required to determine the confidence interval of 

global food demand projections. 
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Naturally, the latest SSP-based studies also have their limitations. 66 

Many studies model a limited number of socioeconomic drivers and fo

cus predominantly on future projections of food availability, which is 

only one of the three dimensions of food security. 67 Designing more 

complex global food futures studies requires the creation of new indi

cators and the reliable collection and analysis of accurate data. For ex

ample, future studies need to better account for the impact of food loss 

and waste (see chapter 12 for more on this topic). Already there is con

siderable effort to create global databases for food and nutrient con

sumption, 68,69 which are used by the latest studies to quantify the 

impact of healthy and sustainable diets on climate change and the 

environment. 70 
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