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C4.1	Introduction

The future of the food system is uncertain, especially considering a long-term horizon out to 2050. 
In spite of the uncertainty, policy formulation that has long-term implications is required now – waiting 
for the uncertainties to be resolved before acting is to invite high risks of failure. To support the 
development of strategies, therefore, it is necessary to explore possible futures. One approach is to 
develop quantitative scenarios, using empirical models that are internally consistent and incorporate 
what is known of future trends and drivers. Scenario analysis was pioneered by Shell in the early 1970s 
to prepare strategies that were robust to the uncertainties surrounding the energy system1. A useful 
definition of a scenario is ‘a description of potential future conditions, developed to inform decision-
making under uncertainty’2. Scenario analysis does not aim to predict the future. Instead it presents a 
range of plausible futures, often without placing a judgement on the relative likelihood of their outcomes.

This Project report explores a number of scenarios and simulations using empirical models that 
incorporate a number of the important yet uncertain drivers of change that will influence developments 
in the future. Scenario analysis is necessarily limited in scope, including only aspects of drivers for which 
there are adequate data and models that incorporate them. Uncertainty about the future means that it is 
not possible to credibly assign probabilities to the absolute results of the scenarios, but the analysis does 
allow exploration of a range of plausible futures while acknowledging the inherent uncertainties of the 
approach. The drivers and the models that were used are described below.

C4.2	Drivers included in this analysis

We consider a number of major drivers suggested in the driver reviews that are amenable to scenario 
analysis with empirical models and that have an impact on food demand, production and governance. 
They are:

●● population growth: high, medium and low growth (demand)

●● income growth: high, medium and low growth (demand)

●● governance: agricultural support and trade policies, including changes in subsidies and protectionism 
versus open trade strategies (governance)

●● growth in crop yield: various assumptions (production)

●● water: competition for water and irrigation efficiency (production)

●● climate change: various climate change scenarios from global circulation models (production)

●● particular climate shocks (droughts) simultaneously affecting production in a few countries, with 
different trade policy responses (production and governance)

●● a significant increase in energy prices (production)

●● a major overall increase in protectionism (governance)

●● increase in the demand for meat: focus on demand shifts in India and China (demand).

1	 Wack (1985)
2	 Parson et al. (2007)

C4. Scenarios and modelling
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C4.3	Scenarios and models of the food system

There have been at least 30 different major long-term model-based simulations of global food supply 
and demand over the second half of the 20th century3. More recent studies have used scenarios and 
models to expand the range of plausible futures for decision-makers to explore. A review commissioned 
by the project found a diversity of scenario types and modelling frameworks4. Outcomes for food 
security are often conceptualised by their effects on food availability, accessibility and utilisation5. The 
actual outcomes described in these various scenarios are simplified somewhat by the models used to 
frame their narratives. Nevertheless, international trade appears to be a crucial determinant of outcomes 
for the food system. In particular, while climate change is likely to widen the difference in cereal yields 
between high- and low-income countries, international trade may prevent particularly negative 
outcomes6.

Two types of models for the global food system predominate: computable general equilibrium (CGE) 
models and partial equilibrium (PE) models. Computable general equilibrium models take a whole-
economy approach to simulate supply, demand and trade of a range of commodities in various sectors, 
including agriculture, across the global economy. Partial equilibrium models focus specifically on 
agriculture in order to produce a more detailed analysis for agricultural commodities7. Each approach has 
a limited domain of applicability for decision-making (see Box 4.1)8. More complicated modelling 
frameworks for integrated assessments ‘soft link’9 a range of models across scientific disciplines and 
biophysical scales, but this process can be time consuming and the soft-linking process is imprecise10.

After three international workshops on food system modelling and consultation with experts in this field, 
the project decided to commission scenarios using two global models: (1) the IMPACT partial-
equilibrium model and (2) the GLOBE CGE model. These models are described in summary in Box 4.1, 
and complete technical descriptions are referenced there. The IMPACT model is dynamic and is used to 
explore scenarios concerning the evolution of the global food system to 2050. The GLOBE model is 
static and is used to explore the impact on the global economy, focusing on the food system, of the 
various ‘shocks’ arising from the various drivers. In the IMPACT model, the various scenarios are 
compared with a dynamic baseline run to 2050, which provides a reasonable comparator that reflects a 
plausible path given existing trends and responses to the drivers. In the GLOBE model, the scenarios 
provide a ‘before and after’ picture of the global economy given changes in a driver or exogenous shock, 
without specifying the time horizon of the adjustment process. Both models are used to explore the 
sensitivity of the results to changes in assumptions and drivers, and to evaluate the robustness of the 
results in terms of lessons for policy formulation.

The Project used these two global models to create three main scenarios that represented plausible 
futures of population and income growth, and to develop several further simulations that test the 
sensitivity of food security outcomes to possible shocks or perturbations highlighted in the project 
driver reviews. 

3	 McCalla and Revordo (2001)
4	 DR10A (Annex E refers)
5	 Ericksen (2008)
6	 Parry et al. (2004)
7	 DR10A (Annex E refers)
8	 Devarajan and Robinson (2002)
9	 In ‘soft-linked’ modelling frameworks, output variables from one model are used to select the values for the input variables or 

parameters of another model but the different models are not formally merged; see DR10A (Annex E refers).
10	Ewert et al. (2009)
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Box C4.1: The IMPACT and GLOBE global models

The IMPACT model was developed at the International Food Policy Research Institute (IFPRI) and is 
an advanced version of a family of agriculture-focused, multi-market partial equilibrium models. 
It represents the agricultural sector in great detail at the cost of more simplified modelling of its 
relationship with other parts of the economy11. The model simulates growth in crop production, 
determined by crop and input prices, externally determined rates of productivity growth and area 
expansion, investment in irrigation, and water availability. Demand is a function of prices, income and 
population growth and contains four categories of commodity demand – food, feed, biofuels and 
other uses. The 2009 version of the model includes a hydrology model and links to the Decision 
Support System for Agrotechnology Transfer (DSSAT) crop simulation software, with yield effects of 
climate change at 0.5°C intervals aggregated up to the food production unit level12. Economy-wide 
competition for factors of production such as land, labour or capital is not simulated. The model solves 
simultaneously for all prices that clear the balance of supply and demand in all markets for agricultural 
commodities.

The GLOBE model is in the tradition of multi-country, trade-focused CGE models developed to 
analyse the impact of global trade negotiations and regional trade agreements13. This version of 
GLOBE is based at the Institute of Development Studies (IDS) at the University of Sussex. The model 
consists of a set of individual country or region models that provide complete coverage of the global 
economy and are linked through international trade in a multi-region model system. It solves the 
within-country models and between-country trade relationships simultaneously. The country models 
simulate the operation of factor and commodity markets, solving for wages, land rent, profits and 
commodity prices that achieve supply–demand balance in all markets. Each country engages in 
international trade, supplying exports and demanding imports. The model determines world prices 
that achieve supply–demand balance in all global commodity markets, simulating the operation of 
world markets.

The domain of applicability of partial equilibrium models like IMPACT is limited to analysis of the 
production, consumption and trade of agricultural commodities, subject to policies or scenarios that 
will have little feedback effects on the allocation of factors of production throughout the economy. 
Processed food products represent an increasing share of world trade, but their production is based in 
the non-agricultural part of the economy and they are not considered in these models. However, the 
strength of the PE models is that they can provide a detailed simulation of supply, demand and trade in 
primary commodities.

Multi-country CGE models such as GLOBE represent the full economy, including the agricultural 
sector. Their strength is that they include the value chain from crops, through processing and 
distribution, and finally to demand for food by households. They also incorporate links between 
agricultural and non-agricultural sectors, and the links between production, factor payments and 
household income. Current CGE models, however, include little or no modelling of biophysical 
processes and a simplified representation of the complexities of the agricultural sector. Multi-country 
CGE models are well suited to analysis of policies or scenarios that will change the volume and 
structure of production, demand and international trade, and the allocation of factors of production 
throughout the economy.

Using a quantitative model to simulate a complex food system is hugely challenging, and this analysis is 
necessarily qualified by the underlying data and methods that have been used to produce the results14. 
The various uncertainties surrounding these results are discussed later in this report in section C4.6.

11	Rosegrant et al. (2008)
12	Nelson et al. (2010)
13	McDonald et al. (2007) 
14	Rotmans and van Asselt (2001)
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C4.4	Main scenarios

C4.4.1 Assumptions

For the IMPACT modelling framework, three main dynamic scenarios (optimistic, baseline and 
pessimistic) were developed as plausible futures of population and income growth. 

Scenario Population Income growth

Optimistic United Nations (UN) low variant, 
2008 revision

Highest of gross domestic product 
(GDP) growth rates from either the 
Millennium Ecosystem Assessment 
scenarios15 or the baseline assumption 

Baseline UN medium variant, 2008 revision Based on values from World Bank 
study16 updated for sub-Saharan Africa 
and South Asia 

Pessimistic UN high variant, 2008 revision Lowest of GDP growth rates from 
either the Millennium Ecosystem 
Assessment scenarios or the baseline 
assumption

Box C4.2: Simulating the impact of climate change on agriculture17

The simulated impact of climate change on agriculture depends on the climate model that is used18. 
Four different ways of simulating climate change were chosen here. Two climate models have been 
used: the Center for Climate System Research (University of Tokyo), National Institute for 
Environmental Studies, and Frontier Research Centre for Global Change, Japan, MIROC model; and 
the Commonwealth Scientific and Industrial Research Organization (CSIRO), Australia, CSIRO model. 
Both models are used to simulate future temperature and precipitation outcomes, based on the A1B 
and B1 emission scenarios of the Intergovernmental Panel on Climate Change (IPCC) Fourth 
Assessment Report19. All these scenarios have higher temperatures in 2050, resulting in higher 
evaporation and increased precipitation as this water vapour returns to earth in the form of rain. 
The CSIRO A1B and B1 scenarios represent a ‘drier’ future and the MIROC A1B and B1 scenarios 
represent a ‘wetter’ future. Global averages conceal substantial regional variability and potential 
changes in seasonal patterns.

Figure C4.1: Change in average annual precipitation, 2000–50, A1B (mm). Drier CSIRO 
results on left, wetter MIROC results on right

Source: Nelson et al. (2010).

15	Carpenter et al. (2006)
16	Margulis et al. (2010)
17	Nelson et al. (2010)
18	Parry et al. (2004); Fischer et al. (2005)
19	Nakicenovic et al. (2000) 
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C4.4.2	Main scenarios: results

The main scenario results use the daily amount of kilocalories available to the average person in each 
country or region as an indicator for food security outcomes. This indicator is calculated for different 
countries as a function of commodity prices, demand elasticities, per capita income and total population. 
The results also use as an indicator the number of malnourished children under the age of five. The 
analysis of food prices focuses on maize, rice and wheat because they are the most important crops for 
calorie consumption20.

Figure C4.2: Historical real prices for maize, wheat and rice, 1957–2009 (US$/metric tonne). 
Real prices refer to nominal prices adjusted for changes in the US Producer Price Index 
(2000 = 100). Prices are based on maize (US No. 2, yellow, US Gulf), rice (white rice, Thai 
100% B second grade, fob Bangkok) and wheat (US No.2, soft red winter wheat, US Gulf). 
Fob, free on board
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Real food prices increase in a major reversal of the trend of the later part of the 20th century (Figures 
C4.2 – C4.5)21. Nevertheless, economic development has a large positive impact on food security 
outcomes in developing countries (Figure C4.6)22. World food prices increase in the main scenarios 
driven, on the demand side, by growth from population growth, nutrition transition and urbanisation, and, 
on the supply side, from the assumptions made about crop yield growth and from the negative 
productivity effects of climate change. Although there is sufficient capacity in global supply to cater for 
increased demand, prices rise principally because there is an assumption that agricultural productivity 
does not grow quickly enough to keep real prices at current levels (see Boxes C4.3, C4.4 and C4.5 for a 
fuller discussion of food prices and agricultural productivity growth). Food price rises are lowest in the 
optimistic scenario because, even with higher per capita consumption based on increased incomes, 
population is lower and overall demand is less. Under a pessimistic scenario for development, with lower 
incomes and higher population growth, food security outcomes deteriorate and stall. In particular, the 
number of malnourished children in low-income developing countries actually increases by 18% from 
2010 to 2050 (Figure C4.7).

20	FAOSTAT (2010)
21	Hazell and Wood (2008)
22	Developing countries include low- and middle-income developing countries.
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Figure C4.3: Real prices for maize, 2010–50 (US$/metric tonne)
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Source: International Food Policy Research Institute.

Figure C4.4: Real prices for rice, 2010–50 (US$/metric tonne)
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Figure C4.5: Real prices for wheat, 2010–50 (US$/metric tonne)
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Figure C4.6: Average per capita daily kilocalorie availability in the main scenarios. For each 
group of countries the dashed line represents a future with no impact from climate change. 
The cluster of lines below the top line is the outcomes with four different climate scenario 
combinations. Results are provided for four climate scenarios (CSIRO A1B, CSIRO B1, MIROC 
A1B, MIROC B1) and assuming perfect mitigation (no climate change)
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Figure C4.7: Percent reductions in the number of malnourished children, 2010–50 (%)
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Climate change increases world food prices because overall it reduces crop yields23. Figure C4.8 
illustrates the effect of climate change on food prices from 2010 to 2050. In 2050 prices are 18–34% 
higher, depending on the scenario and crop. There is also a 9–10% increase in the number of 
malnourished children in developing countries in 2050 compared with the scenario where climate 
change is mitigated.

Figure C4.8: Real food price changes for the main scenarios, 2010–50 (%)
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Although the impact of climate change on world prices appears relatively modest, there are actually large 
regional differences in temperature and precipitation effects. International trade plays an important role 
in reducing the unequal distribution of these effects. In the results, regions of the world experiencing less 
deleterious effects supply to those experiencing more deleterious effects. The trade outcomes differ 
depending on the climate model used. For example, with the CSIRO climate model net cereal exports 
from developed countries decline, whereas with the MIROC climate model developed countries actually 
become net cereal importers, mostly as a consequence of the negative effects of climate change on US 
maize production (Figure C4.9). These results demonstrate both the uncertainty surrounding the impact 
of climate change on agriculture and the importance of trade24. Without the smooth well-functioning 
international markets assumed by the IMPACT modelling framework, food security outcomes would be 
considerably worse. The results quoted here focus on the horizon of 2050, but other research suggests 
that the major climate stressors for agricultural production occur from 2050 to 208025.

23	There is a cautious assumption about the positive effects of carbon fertilisation. Whereas the climate models assume the higher CO2 
concentrations of the A1B and B1 scenarios to simulate temperature and precipitation outcomes, the DSSAT crop model assumes 
a lower atmospheric concentration of 369 ppm. A lower concentration is used in DSSAT so that the uncertain biophysical effects of 
CO2 fertilisation in the field are not overestimated; see Long et al. (2006).

24	Parry et al. (2004, p. 66) used results from the IPCC Third Assessment and found that ‘production in the developed countries 
generally benefits from climate change, compensating for declines projected for developing nations’. The IMPACT modelling 
framework uses the IPCC Fourth Assessment.

25	DR2 (Annex E refers); Parry et al. (2004); Nelson et al. (2009); Nelson et al. (2010)
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Figure C4.9: Change in net cereal trade in developed countries under the main scenarios, 
2010–50 (million metric tonnes). Results are provided for four climate scenarios (CSIRO A1B, 
CSIRO B1, MIROC A1B, MIROC B1) and assuming perfect mitigation (no climate change)
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The overall change in crop harvested area in the scenarios is relatively small but, again, there are large 
regional differences. Developed countries experience a decline in harvested area of 9–13% whereas 
low-income developing countries have an increase of 18–25%. The area in China and India declines by 
around 10% and 9% respectively. Several developing countries experience area increases of more than 
one million hectares (Figure C4.10).

Figure C4.10: Countries with increases of crop harvested area of more than one million 
hectares (thousand hectares). Results are provided for four climate scenarios (CSIRO A1B, 
CSIRO B1, MIROC A1B, MIROC B1) and assuming perfect mitigation (no climate change)
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C4.5 Other simulations

C4.5.1	Assumptions

The project also developed a number of simulations to test the sensitivity of food security outcomes to 
possible shocks, or perturbations, highlighted in the project driver reviews. These scenarios vary the 
assumptions of the baseline scenario. The IMPACT modelling framework is used as before but some 
simulations from the multi-country CGE model GLOBE are also introduced (Box C4.1). The GLOBE 
simulations are particularly useful when the scenario has a significant impact on, and feedback from, the 
wider economy. The scenarios for the simulations are focused on production, demand and governance.

Table C4.1: Assumptions of other simulations

Scenario Difference from baseline scenario Model

Production

Improvements in irrigation 
efficiency

15% increase in irrigation efficiency in the developing world 
2010–50

IMPACT

Drought in South Asia between 
2030 and 2035*

Rainfed crop areas in Bangladesh, India and Pakistan are 
reduced by 2% per annum from 2030 to 2035 and return to 
baseline gradually over the next five years 

IMPACT

Improvements in overall 
productivity

Intrinsic productivity growth* rates in developing countries 
increased by 40% from 2015 to 2050

IMPACT

Improvements in commercial 
maize productivity

Intrinsic productivity growth* rates for maize increased to 2% 
per annum in USA, Mexico, China, Europe, France, Brazil, 
Argentina and South Africa from 2015 to 2050 (80% of 
current maize production)

IMPACT

Improvements in wheat 
productivity

Intrinsic productivity growth* rates for wheat increased to 2% 
per annum in India, Pakistan, Argentina, Iran, Ukraine, China 
and Kazakhstan from 2015 to 2050 (40% of production in 
2000)

IMPACT

Improvements in cassava 
productivity

Intrinsic productivity growth* rates for cassava increased to 
2% per annum (or existing rate if greater) in Brazil, 
Democratic Republic of Congo, Indonesia, Ghana, Nigeria and 
Thailand from 2015 to 2050 (around 63% of production in 
2000)

IMPACT

Significant increase in energy 
prices

Fossil fuels (and other mineral) resources are 20% lower than 
expected

GLOBE

Governance

Drought in the North 
American Free Trade 
Agreement area, China and 
India and a protectionist 
response

1) 20% yield drop in USA, Canada, Mexico, China and India, 
followed by

2) 25% export tax in exporting regions

GLOBE

Major increase in protectionism Import duties double from 2005 rates across all regions GLOBE

Demand

Additional increase in demand 
for meat in China and India

Share of consumer spending on livestock products increases 
by 10% and spending on services decreases by the same 
amount 

GLOBE

*Intrinsic productivity growth rate assumptions are subsequently adjusted for the effects of climate change and producer 
responses to changes in prices. Adjusted average yield growth rates for maize, rice and wheat in the main scenarios 
range from 0.2% to 1.9% per annum depending on economic development (developed, middle-income developing, 
low-income developing) and the production system used (rainfed, irrigated).
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C4.5.2	Production: simulation results

The results for the IMPACT-based production simulations listed in Table C4.1 are summarised using the 
same indicators for food security outcomes as the main scenarios. There are results for changes in real 
food prices (Figure C4.11), changes in daily kilocalorie availability (Figure C4.12), and reductions in the 
number of malnourished children (Figure. C4.13). These results are then compared with those of the 
baseline scenario in order to analyse the sensitivity of food security outcomes to the simulations.

Figure C4.11: Real food price changes for the production simulations, 2010–50 (%)
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Figure C4.12: Impact of production simulations on daily kilocalorie availability, 2010–50 (%)
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Figure C4.13: Reductions in the number of malnourished children for simulation scenarios, 
2010–50 (%)
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Drought in South Asia, 2030–35
Change in future precipitation over India is uncertain partly because of the balance between the 
expected weakening of the dynamical monsoon circulation (decreasing the Indian monsoon 
precipitation) and the increase in atmospheric water content associated with warming (increasing the 
Indian monsoon precipitation)26. An extended drought in South Asia (Bangladesh, India, Pakistan) was 
simulated using the IMPACT modelling framework beginning in 2030, continuing through 2035, and then 
with recovery to the previous path of the baseline scenario to 2050. It is assumed that only rainfed 
agriculture is affected and that sufficient water is available for irrigated agriculture.

The world prices of maize, rice and wheat all show a sharp increase during the drought (Figure C4.14) 
and, although they return to trend afterwards, these higher prices contribute to a 1% increase in the 
number of malnourished children in 2050 (Figure C4.13).

Figure C4.14: Price pathways for drought in South Asia, 2030–35 (2000 US$/metric tonne). 
Results are provided for four climate scenarios (CSIRO A1B, CSIRO B1, MIROC A1B, MIROC B1) 
and for the baseline scenario.
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Figure 4.29   Cassava price, South Asia drought  

Source:  Authors’ calculations.
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Figure 4.26   Maize price, South Asia drought

Source:  Authors’ calculations.
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Figure 4.27   Rice price, South Asia drought

Source:  Authors’ calculations.
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Figure 4.28  Wheat price, South Asia drought

Source:  Authors’ calculations.
Source: Nelson et al. (2010).

In the baseline scenario the rainfed area in South Asia declines as the irrigated area expands. With the 
simulated drought, however, producers respond to increasing prices by expanding the irrigated area 
more and more quickly, with irrigated rice showing the biggest increase. As the drought recedes, and 
prices fall, some of this additional area reverts to rainfed production but the irrigated area still remains 
higher than it would have been.

26	Meehl et al. (2007)
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Figure C4.15: Change in net cereals trade in South Asia under drought simulation, 2010–50 
(million metric tonnes)
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Source: Nelson et al (2010).

In this simulation, international trade plays an important role in lessening the drought-induced impact of 
the loss of rainfed production (Figure 4.15). Without the drought, South Asia is a growing rice exporter, 
and wheat and maize imports increase. During the drought, the region becomes a substantial rice 
importer and maize imports become much larger. Wheat imports reduce during the drought, most likely 
because of the larger increase in irrigated wheat area.

Improved irrigation efficiency
Increasing demands for water pose threats to food systems, and improving the irrigation efficiency of 
agriculture is considered to be a critical response27. Of the major food crops, irrigation is currently most 
important for rice and accounts for around one-third of production in developed countries and around a 
half in developing countries. In contrast, roughly 15% of maize production is on irrigated land; in 
developed countries wheat production is almost exclusively rainfed, but in developing countries about 
30% of production is from irrigated systems. The share of production from irrigated rice and maize 
already increases in the baseline scenario. For wheat, the irrigated share in developed countries is 
constant, but in developing countries the share increases.

Improvements in irrigation efficiency in the developing world are modelled by increasing basin efficiency, 
which is the ratio of beneficial irrigation water consumption to total irrigation water consumption, by 
15%28. The improvements focus on production areas where irrigated yields are considered low because 
of water shortages. These improvements have relatively little effect on food security outcomes because 
the benefits of the efficiency gains are almost entirely in India, Pakistan and China where the predominant 
use of irrigation is for rice production. Figures C4.16–4.20 highlight the areas that benefit from efficiency 
gains under each climate scenario. Rice prices do decline by about 5% from 2010 to 2050 compared 
with the baseline scenario, but maize and wheat prices are relatively unchanged (Figure 4.11). There is a 
small reduction in the number of malnourished children, mostly in middle-income developing countries 
(Figure 4.13). 

27	DR12 (Annex E refers); Postel (1998)
28	Haie and Keller (2008)
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Figure C4.16: Irrigation water use in 2050, CSIRO A1B (km3)
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Source: Authors’ calculations.Source: Nelson et al. (2010).

Figure C4.17: Increase in agricultural water 
use in 2050, improved irrigation efficiency 
simulation CSIRO B1 (km3)

Figure C4.18: Increase in agricultural water 
use in 2050, improved irrigation efficiency 
simulation MIROC B1 (km3)

0

0 - 5

5 -10

10 -15

15 - 2 5

CSIRO B1 Delta

Increase in agricultural water use in 2050, improved irrigation efficiency 
simulation CSIRO B1 (cubic km)

Figure 4.22
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Source: Nelson et al. (2010).
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Figure C4.19: Increase in agricultural water 
use in 2050, improved irrigation efficiency 
simulation CSIRO A1B (km3)

Figure C4.20: Increase in agricultural water 
use in 2050, improved irrigation efficiency 
simulation MIROC A1B (km3)
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Source:  Authors’ calculations. 

Source: Nelson et al. (2010).
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Overall improvements in crop productivity
From 1961 to 2008, yield growth rates for grains in developed countries were on average 1.5% per 
annum and 2.1% in developing countries29. Since 1985 there has been a reduction in these average 
growth rates. The IMPACT modelling framework assumes that growth rates increase slightly over the 
next 10–15 years and then decline gradually to 2050. Adjusted average productivity growth rates for 
maize, rice and wheat in the baseline scenario range from 0.2% to 1.9% per annum depending on 
economic development (developed, middle-income developing, low-income developing), crop and the 
production system used (rainfed, irrigated). In this simulation, intrinsic productivity growth rates in 
developing countries are increased by 40% from 2015 to 2050 compared with the baseline scenario30.

Of all the variations of the baseline scenario that have been developed to test the sensitivity of food 
security, this change produces the most clearly advantageous outcomes. World prices increases for maize, 
rice and wheat are reduced by 41%, 24% and 34% respectively compared with the baseline scenario 
(Figure 4.11). As a result, there is a massive increase in the daily amount of kilocalories that is available to 
the average person in each country or region (Figure 4.12). The number of malnourished children falls by 
an additional 12% from 2010 to 2050 (Figure 4.13). According to this analysis, the most powerful driver 
in the food system to improve food security outcomes is yield growth. 

29	DR8 (Annex E refers)
30	Intrinsic productivity growth rate assumptions are subsequently adjusted for the effects of climate change and producer responses to 

changes in prices.
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Box C4.3: What are the food security outcomes in other quantitative scenarios 
to 2050?

The project reviewed several quantitative scenarios of the food system to 205031. Some simulations 
that use modelling frameworks that differ from the IMPACT framework are highlighted here.

The impact of climate change on food security outcomes has been explored using emission scenarios 
(A1F1, A2, B1, B2) previously produced by the IPCC. An integrated assessment modelling framework, 
based on the International Institute for Applied Systems Analysis (IIASA) CGE basic linked system 
model, was created to estimate the response of cereal yields to simulated climate change, based on 
these scenarios, and then to quantify the implications for cereal production, prices and risk of hunger32. 
Climate scenarios were developed using the Hadley Centre HadCM3 model. Under a reference case 
with no climate change, world cereal prices rise by around 30–80% from 1990 to 2050. With climate 
change, results are reported with and without CO2 fertilisation effects on the basis that true effects 
will fall somewhere between. Assuming CO2 fertilisation effects, climate change increases prices 
roughly by 7–20% more than the reference case. Without these effects, climate change increases 
prices by around a further 50–100%. For the pessimistic A2 scenario with the highest population 
growth (11.3 million in 2050) and lowest GDP growth to 2050, price increases are highest. Although 
there is an increasing divergence in cereal yields between developed and developing countries in all 
the scenarios, the differences are greatest in this scenario. In particular, yields dramatically decrease in 
developing countries because of regional temperature increases and precipitation decreases. The 
impact on production up to 2050 in A2 is similar to other scenarios, but prices are higher and, with a 
larger and poorer population, the additional number of people at risk of hunger is much greater. 
Without CO2 fertilisation effects, there are around 200 million additional people at risk of hunger 
by 2050, and there are almost 600 million by 2080.

Another integrated assessment of the impact of climate change on agriculture used a similar modelling 
framework but estimated the response of cereal yields using a different crop model and with climate 
simulations from five different climate models33. The impact of climate change affects world cereal 
prices moderately: for HadCM3 the increase from 1990 to 2080 is 2–20%; for CSIRO the increase is 
4–10%; and for the other climate models the changes are less. Without the impact of climate change, 
hunger is reduced substantially in all but the pessimistic A2 scenario where the number of people at 
risk of hunger in 2050 remains high at over 721 million. With climate change and assumed CO2 
fertilisation, numbers are increased slightly. Without CO2 fertilisation effects, the numbers at risk are 
even higher.

Climate change is expected to increase prices, but population and economic growth are also likely to 
have a strong impact on food security34. Real prices vary depending on the crop model and climate 
model used but are projected to be higher than current levels. Real incomes are generally expected to 
increase more rapidly than real food prices in most scenarios, but higher prices may still result in 
negative food security outcomes in vulnerable regions, and prices are expected to rise more 
substantially after 205035. The effects of CO2 fertilisation are found to be significant yet uncertain.

31	DR10A (Annex E refers)
32	Parry et al. (2004)
33	Fischer et al. (2005)
34	Easterling et al. (2007)
35	Schmidhuber and Tubiello (2007)
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Simulations using the Global Trade Analysis Project (GTAP)36 CGE model suggest that higher 
agricultural productivity could offset rising prices37. Assuming a scenario in which total factor 
productivity38 in agricultural productivity is equal to that in the rest of the economy, real prices for 
maize, wheat and rice increase by 127%, 110% and 68% respectively to 2050. This assumption implies 
a substantial reduction in the growth rate of agricultural productivity. If, on the other hand, total factor 
productivity in agriculture is 1% per annum higher than the rest of the economy, real price increases 
for these commodities are minimal. Limiting increases to the developing world results in real price 
increases of 31%, 26% and 16% respectively.

World Bank quantitative scenarios, using their Environmental Impact and Sustainability Applied 
General Equilibrium (ENVISAGE) model to 2030, also suggest that prices are particularly sensitive to 
assumptions of agricultural productivity growth39. Global total factor productivity growth of 2.1% per 
annum results in a slight decrease in world agricultural prices in real terms. If productivity is halved, real 
prices rise by 35% in comparison. If only developing country agriculture is subjected to the lower 
productivity growth, the price increase is 16%. Scenario analysis using this model also finds that climate 
change could substantially reduce real incomes in South Asia and sub-Saharan Africa by 2030 despite 
economic growth.

Other medium-term projections suggest rises in real food prices. The most recent outlook for 
agriculture, published by the Organization for Economic Cooperation and Development (OECD), 
projects average wheat and coarse grain prices to be 15–40% higher in real terms in 2020 relative to 
the period from 1997 to 200640. Under ‘low-productivity’ and ‘high-productivity’ scenarios with the 
GTAP CGE model, world cereal prices rise on average by 32% and decline by 16% respectively from 
2000 to 203041. Prices for coarse grains under the ‘low-productivity’ scenario rise on average by as 
much as 63%. 

Selective improvements in crop productivity
The impact of improvements in the productivity of commercial maize, wheat and cassava in different 
areas of production were also simulated. In each instance the increase in the world price is tempered 
but there is little or no effect on the prices of the other main commodities (Figure C4.11), based on 
model assumptions of relatively low cross-price substitutability in demands. The world prices of maize 
and cassava are much reduced compared with the baseline scenario, but reductions are predicated on 
productivity improvements across larger areas of production than for wheat. Maize prices are 89% 
lower and wheat prices are 26% lower compared with the baseline scenario; cassava prices are actually 
reduced by 10% from 2010 to 2050 compared with a 25% increase in the baseline scenario (Figure 
C4.11; cassava prices are not illustrated). Food security outcomes improve modestly in developing 
countries and especially in the regions where consumption is important. For example, improving cassava 
productivity results in a greater decrease in the number of malnourished children in low-income 
developing countries compared with the baseline scenario (Figure C4.13).

Significant increase in energy prices
Modern agriculture is dependent on fossil fuel resources, although there are opportunities for innovation 
and renewable energies to reduce this reliance42. The impact of an unexpected scarcity of fossil fuel 
resources is simulated using the multi-country GLOBE CGE model. Global fossil fuel resources are 
reduced by 20%, and, as a result, global crude oil and refined fuel prices increase by around 60% 
compared with the baseline scenario. Countries that are net fuel importers lose out to net fuel 
exporters, which experience strong improvements in their terms of trade and real income (Figure C4.21 
highlights the change in real absorption or expenditure on real goods and services). Households in the 
former experience income reductions and need to spend a higher proportion of their disposable income 
on energy-intensive goods. As a result, their consumption of other goods including food decreases. 

36	Hertel (1997)
37	Hertel (1997); Ivanic and Martin (2010)
38	See Box 4.5
39	van der Mensbrugghe et al. (2010)
40	OECD/FAO (2010)
41	Hertel et al. (2010)
42	DR4 (Annex E refers)
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This is a reminder that the accessibility of food is a function of disposable incomes as well as of food 
prices. The significant increases in food consumption in fuel-exporting regions are based on the 
assumption that the windfall gains from the fuel price increase translate into income gains across all 
household groups in these regions.

From an economy-wide perspective, agriculture is not a relatively energy-intensive sector compared with 
non-agricultural sectors. Therefore, the simulated fuel price increase does not lead to an increase in 
global food crop prices relative to non-agricultural goods, and the effect on global crop prices is modest. 
However, a permanent fuel price increase of this magnitude may increase the profitability of biofuel 
production and provide an incentive to farmers to switch from food to biofuel crops. The model does 
not incorporate this effect.

Figure C4.21: Regional change in welfare under fossil fuel scarcity scenario (% change in real 
absorption). Real absorption is the total of expenditure on real goods and services. FSU, 
former Soviet Union; LA, Latin America; MENA, Middle East and North Africa; NAFTA, North 
American Free Trade Agreement; OPEC, Organization of Petroleum Exporting Countries; SA; 
South Africa; SSA, sub-Saharan Africa
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Box C4.4: What could be the impact of biofuel production on future food 
prices?

The demand for feedstocks used in biofuel production has increased markedly in the last decade and 
many scenarios of the future project an increase in the land used for biofuel production43. It is 
challenging to project future biofuel production because it will depend on uncertainties such as energy 
prices, policy choices and technological change.

Four quantitative scenarios of future biofuel production were created using a modelling framework 
based on the IIASA CGE World Food System model44. Energy demand for transport throughout is 
based on the International Energy Agency World Energy Outlook (WEO) 2008 reference scenario45. 
These results show that the development and deployment of second-generation conversion 
technologies has a significant impact on food prices. Further sensitivity analyses confirm that the 
aggregate share of first-generation biofuels mandated to contribute to consumption of transport fuel has 
a considerable impact on food prices. Real cereal prices increase by 10–27% owing to biofuel production, 
depending on the biofuel production scenario. The harvested area increases by 26–59 million hectares. 
The impact of biofuel production in the scenarios on land use is substantial, especially if biofuel targets 
are ambitious and development of second-generation conversion technologies is inhibited.

Scenarios exploring the impact of future biofuel production have also been created using the IFPRI 
partial equilibrium IMPACT model46. In order to offset the negative impacts on food security 
outcomes of the target set by the Energy Independence and Security Act of 15 billion gallons of 
first-generation biofuel by 2022, growth in cereal productivity based on yields would have to increase 
further from a baseline average annual rate of 1.3–1.8%. Enhanced agricultural knowledge, science and 
technology (AKST) can reduce competition for land by increasing the availability of land for non-
agricultural use. Under scenarios of enhanced AKST the impact of increased biofuel production on 
food prices is ameliorated but not eliminated.

Recent policy in the USA and EU on biofuel production has been partly driven by perceived 
opportunities to reduce CO2 emissions, although such benefits have been contested47. Further 
research from IFPRI uses a modified version of the global CGE model MIRAGE to explore the future 
impacts of mandatory provisions of ethanol to 202048. Real oil prices are kept stable at US$60 a 
barrel. Resulting ethanol production is increased by 48 million tonnes of oil equivalent (MTOE) in the 
USA and 16 MTOE in Europe. Increased demand for feedstocks leads to an increase in world prices. 
The price of maize increases by 11% and wheat by 3%. A further scenario with liberalisation of 
ethanol trading is found to encourage the production of feedstocks in more efficient regions such as 
Brazil. In this case the price increases are 9% and 1% for maize and wheat respectively. Brazil and 
food-exporting countries in Latin America emerge as beneficiaries under the trade liberalisation 
scenario, but food-importing Caribbean countries suffer. More generally, results suggest that ethanol 
mandates represent a welfare transfer from consumers to farmers. There is increased competition for 
land, and biofuel crops displace other crops and impinge on pastures and managed forests. Finally, the 
direct emissions savings from biofuels are outweighed by the indirect emissions from land use change. 
However, with a carbon budget in place, it is calculated that by around 2030, the indirect emissions 
from land use change would be ‘paid back’49. 

43	DR7B (Annex E refers); HMG (2009)
44	Fischer (2009)
45	IEA (2008) 
46	Msangi and Rosegrant (2009)
47	Searchinger et al. (2008)
48	Bouet et al. (2010)
49	This calculation does not consider the effect of fertiliser emissions from intensified production.
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C4.5.3	Governance: simulation results

Drought in the North American Free Trade Agreement (NAFTA) area, China and India and a 
protectionist response
The recent food price spike for rice and wheat in 2008 has been partly attributed to export 
restrictions50. To investigate further the potential impacts of drought, a reduction in crop yields in the 
USA, Canada, Mexico, China and India, followed by the imposition of a 25% export tax by all crop-
exporting regions, is simulated. This is an extreme simulation designed to illustrate the impact of a general 
protectionist response. There are high crop price rises in the domestic markets of the regions directly 
affected by the drought (Figure C4.22). Net importers in East Asia also face significant rises in crop prices 
because drought-affected regions export less to them and compete more for imports. Increased 
incentives to produce in regions not directly affected by the drought and international trade both limit 
the fall in global crop production to less than 2%. If food exporting regions impose a protectionist 
response, however, crop prices are significantly higher in all regions and trade is harshly impeded (Figures 
C4.22 and C4.23). Global crop production does not fall under this scenario, as high crop prices provide 
an incentive to produce more but often in areas with a comparative disadvantage. Restrictions on 
exports thus lead to inefficient, high-cost production.

Figure C4.22: Real domestic food price changes under a drought scenario with and without 
export restrictions (% change in crop prices relative to each region’s overall consumer price 
index). NAFTA, North American Free Trade Agreement; OPEC, Organization of Petroleum 
Exporting Countries

-10

0

10

20

30

40

50

Rest
 of E

ast
 an

d S
outh

 Ea
st A

siaInd
ia

Sin
gap

ore

Mala
ysi

a

Ind
one

sia

NAFTA
Tai

wan
KoreaJap

an
Chin

a

Ocea
nia

Cen
tra

l A
meri

ca

So
uth

 Afric
an 

Cust
oms U

nio
n

Eas
t a

nd
 W

est
 Afric

a

OPE
C Su

b-S
aha

ran
 Afric

a

Midd
le 

Eas
t a

nd
 N

orth
 Afric

a

Rest
 of fo

rm
er 

So
vie

t U
nio

n
Russ

ia
Tu

rke
y

Eu
rope

Rest
 of L

atin
 Ameri

ca

OPE
C La

tin
 Ameri

ca

Rest
 of M

erc
osul

Braz
il

� Drought     � Drought with protectionism

%
 C

ha
ng

e 
in

 c
ro

p 
pr

ic
es

Source: GLOBE results.

50	HM Government (2009)



Foresight Project on Global Food and Farming Futures

24

Figure C4.23: Change in net food crop trade (% change in export volume). NAFTA, North 
American Free Trade Agreement; OPEC, Organization of Petroleum Exporting Countries
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Major increase in protectionism
In this scenario, import duties are doubled from 2005 rates across all regions. Existing free trade areas 
such as NAFTA remain intact. This scenario does not imply that the World Trade Organization (WTO) 
effectively dissolves, but instead assumes that the current Doha Round of multilateral trade negotiations 
breaks down. Applied tariffs are often well below the maximum bound tariffs allowed under the current 
WTO regime, and increases of the order of magnitude considered here are mostly consistent with 
current WTO regulations51. Increased protectionism leads to notable increases in prices for processed 
foods and especially for net importers (Figure C4.24). International trade flows between regions halt.

51	Bouet and Laborde (2010); Willenbockel (2009)
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Figure C4.24: Real price changes in processed food under a major increase in protectionism 
(% change relative to each region’s overall consumer price index). NAFTA, North American 
Free Trade Agreement; OPEC, Organization of Petroleum Exporting Countries
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C4.5.4 Demand: simulation results

Additional increase in demand for meat in China and India
In recent years there has been a substantive shift in China to a diet with more livestock products and a 
lower consumption of traditional foods52. Although meat consumption is not expected to increase in 
India at the same rate as in China, a rise in consumption is plausible53. The impact of changes in the 
demand for meat in China and India is simulated using the GLOBE model. In this simulation, the share of 
total consumer spending on livestock products is increased by 10%, whereas the share spent on services 
decreases by the same amount54.

The impact on domestic prices in both countries of livestock and food crops is significant, which induces 
increased production within the countries and more imports. This in turn affects world markets and leads 
to increased world prices and significant growth in the global production of livestock, and increased trade 
(Figures C4.25 and C4.26). A rise in Chinese demand has a larger impact on world markets because 
China is more dependent on imports than India.

52	Du et al. (2004)
53	DR3
54	In high-income countries, much of the demand for meat is in the form of processed food and food purchased in restaurants – the 

latter shows up in the data as demand for services. The data for China and India reflect high levels of on-farm consumption of meat, 
so it is convenient to increase livestock demand directly in these scenarios.



Foresight Project on Global Food and Farming Futures

26

Figure C4.25: Real world food price changes under increased meat demand in China and India 
(% change in world prices)
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Figure C4.26: Change in global food production under increased meat demand in China and 
India (% change in global production)

%
 C

ha
ng

e 
in

 g
lo

ba
l p

ro
du

ct
io

n

0

2

4

6

8

10

12

14

16

18

20

Shift in China
and India

Shift in IndiaShift in China

�    Food Crops        �    Livestock

Source: GLOBE results.

If demand is increased in both countries, household consumption of livestock is roughly double, and 
household demand for food grains increases by about 20%. Domestic prices of both livestock and food 
grains go up dramatically in both countries (Figure C4.27), and both countries respond by increasing 
livestock production (Figure C4.28). Competition for land limits the ability of food crop production to 
increase. Imports of both livestock and food grains also go up (Figure C4.29), although from a much 
lower base in India than in China.
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Figure C4.27: Real domestic food prices under increased meat demand in both China and 
India (% change in domestic prices)
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Figure C4.28: Change in domestic food production under increased meat demand in both 
China and India (% change in domestic production)
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Figure C4.29: Change in domestic imports under increased meat demand in both China and 
India (% change in imports) 
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There is a strong indirect link to food grain prices and global imports from increased livestock demand. 
However, there is little indirect effect on global production of food grains, because there is competition 
for land from increased livestock production, which limits the ability of food crop production to increase. 
In the longer run, one might expect there to be a larger indirect effect on food grain production, if 
livestock production can move to less land-intensive methods.

Shifts in demand for livestock in large countries such as China and India do have global impacts in this 
analysis. The magnitudes indicate that world markets should be able to respond to such demand changes, 
but the impacts on markets within the two countries is much more dramatic. Over time, in response to 
the large price changes within China and India, further changes in technology and trade, especially in 
livestock products, would be expected, with further indirect impacts on other countries. However, as in 
the drought scenarios, if international markets are not able to respond, the impacts on China and India 
will be more severe. If countries respond to increased foreign demand by limiting trade, then there is a 
weaker supply response from outside of India and China, and much stronger effects on world prices. 
In fact, additional model runs with different assumptions on trade policy suggest that the impact is two to 
three times greater on livestock and grain prices within India and China and correspondingly on world 
markets.

C4.6 Uncertainties in the analysis

Using a quantitative model to simulate a complex food system is hugely challenging, and this analysis is 
necessarily qualified by the underlying data and methods that have been used to produce these results55.

Both partial equilibrium and multi-country CGE models have a limited domain of applicability (Box C4.1). 
More generally, the availability, coverage, quality and accessibility of spatially explicit data sets for global 
production and trade, land use and hydrology, which provide the basis for model calibration and 
validation, require improvement56. IMPACT uses the Food and Agriculture Organization (FAO) FAOSTAT 
data for 2000 as a base year to project from, but this data set is not complete and some data have to be 
manually constructed. Data are aggregated and disaggregated so that they can be used at spatial and 
temporal scales different from those at which they were collected; but the methods used to do this 

55	Rotmans and van Asselt (2001)
56	DR10A (Annex E refers)
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require improvement57. Input assumptions for crucial drivers such as population and income growth are 
exogenous to the models and are themselves subject to uncertainty. The assumptions made for future 
agricultural productivity and growth in crop area in the main scenarios are based partly on expert 
judgement (see Box C4.5). Recent analysis suggests that many models could be exaggerating food price 
rises by underestimating the responsiveness of the long-term supply of new land for food production as 
prices increase58. More work is also required in modelling the future impact on agriculture of demand for 
biofuels. 

Box C4.5: Is agricultural productivity growth improving or deteriorating?

From 1961 to 2008, growth rates of yields (output per hectare) for grains in developed countries 
were on average 1.5% per annum and 2.1% in developing countries. Since 1985, there has been a 
reduction in these average growth rates59. Projections of food prices are very sensitive to assumptions 
about growth in supply, and hence to changes in yields.

Growth in agricultural output can result from growth in either area planted or yields, or both. Yield 
growth can arise from intensification of inputs (more inputs used with the same amount of land) or 
from productivity growth (changes that yield more output for the same level of inputs). Total factor 
productivity (TFP) growth is a measure of increases in output per unit of all inputs, including land, and 
is used as a summary measure of increases in output that are not due to increases in inputs. While 
intensification (e.g. greater use of machinery, labour or chemicals with the same amount of land) is an 
important source of growth in agriculture in developing countries, productivity growth is generally 
more important. Identifying the nature and sources of productivity growth is crucial for policy: what 
mix of policies should be emphasised to develop better machinery, better seeds, better chemicals, 
better farm management practices and improvements in land and irrigation.

Research suggests that global TFP growth has improved in recent decades and accounts for an 
increasing share of the growth in agricultural output60. In fact, there has been a slowing down in the 
growth of inputs for production, with variation across different regions.

Growth in TFP is important to the concept of sustainable intensification61 because it will ease 
constraints on land, labour and other resources: 1% growth in TFP means 1% fewer resources are 
needed to produce the same amount of output. Research and development is key to increasing 
productivity, but there may be long lead times before benefits are fully realised. In summary, 
productivity growth has offset the deceleration of input growth to keep global agriculture growing at 
an average of 2% per annum since the 1960s62. There has, however, been a slowing down in recent 
years in public research and development expenditure on agriculture, particularly on productivity-
enhancing research63.

There are both optimistic and pessimistic views on the future of agricultural productivity64. In the base 
scenario, the IMPACT modelling framework assumes that growth rates of yields increase slightly over 
the next 10–15 years and then decline gradually to 2050. These assumed trends incorporate 
assumptions about intensification and productivity growth, assuming ‘business as usual’ levels of 
resources applied to research and development. 

Biophysical effects of CO2 fertilisation in the field are uncertain65. Four different plausible temperature 
and precipitation outcomes have been chosen because of the uncertainties surrounding climate 
modelling. The results assume that climate variables change linearly between their values in 2000 and 
2050. This assumption eliminates any random extreme events such as droughts and floods, which are 

57	Ewert et al. (2009)
58	Hertel (2010)
59	DR8 (Annex E refers)
60	Fuglie (2008); Fuglie (2010)
61	Sustainable intensification produces more food from the same amount of land in a renewable way; see The Royal Society of London 

(2009).
62	Fuglie (2010)
63	DR8 (Annex E refers)
64	DR8 (Annex E refers)
65	DR2 (Annex E refers)
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expected to increase in frequency66. The effect of this assumption is to underestimate negative effects 
from climate variability. Direct effects on livestock are not included.

To project food demand it is important that models possess Engel flexibility: that is, they accurately 
reflect the changes over time in the budgetary share for food and in the composition of the budget as 
income grows. In particular, marginal budget shares should vary non-linearly with income. The current 
generation of models do not have enough Engel flexibility to accurately capture decreasing marginal 
budget shares67.

There are drivers that are not explored in this scenario analysis. Many of these drivers are difficult either 
to quantify or to model, and in some instances knowledge about them is currently inadequate68. The 
evolution of pests, parasites, diseases and weeds, especially in a changing climate, may have an impact on 
crop production69. In addition, rising ozone concentrations are likely to have adverse impacts70. On the 
other hand, future food production may actually be underestimated by these results. While the loss of 
crop areas owing to climate change is simulated by the IMPACT modelling framework, gains from new 
areas where production is subsequently possible are not. Examination is required of a wider range of 
climate change adaptation strategies and costs71. For example, the possibility of varietal substitution is not 
included. The adoption of new emerging technologies from areas such as nanotechnology, biotechnology, 
robotics and information and communications technology (ICT) could plausibly induce substantial 
changes in agricultural productivity, but there is a lack of relevant historical precedents to help simulate 
their future impact. Human behaviour and values are subject to unpredictable change. High-impact, 
high-uncertainty ‘black swan’ events may all be unknowable (Table C4.2)72.

Table C4.2: Selected sources of uncertainties in this analysis

Type of uncertainty73 Source of uncertainty

Technical Data to calibrate and validate models

Exogenous assumptions for population and income growth

Partly exogenous assumptions for agricultural productivity and crop area growth

Elasticity of land supply with respect to price 

Methodological Upscaling and downscaling of data

Modelling demand for biofuels

Lack of Engel flexibility in demand systems

Modelling climate change

Modelling gains from new areas of production

Biophysical effects of CO
2 fertilisation in the field

Epistemological Climate variability

Impact of pests, parasites, diseases and weeds

Impact of rising ozone concentrations

TFP growth

Farmer adaptation to climate change

Human behaviour and values

Technological change

High-impact, high-uncertainty ‘black swan’ events

66	DR2 (Annex E refers)
67	DR11 (Annex E refers)
68	DR10A (Annex E refers)
69	DR5A (Annex E refers)
70	DR2 (Annex E refers)
71	Easterling et al. (2007)
72	Taleb (2007)
73	Uncertainty types are based on Funtowicz and Ravetz (1990); see DR10A (Annex E refers).
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Scenarios are a limited yet valuable tool to help decision-makers prepare strategies that are more robust 
to future uncertainty74. These uncertainties do mean that probabilities cannot be credibly assigned to the 
absolute results of the scenarios and simulations. Nevertheless, this analysis does allow exploration of a 
range of plausible futures.

C4.7	Key conclusions

●● According to the main scenarios, economic development has a large positive impact on food security 
outcomes for developing countries75. 

●● World food prices increase in the main scenarios in a reversal of the trend in the 20th century; they 
are driven on the demand side by drivers such as population and income growth and on the supply 
side by assumptions on yield growth and reduced productivity because of climate change.

●● An increase in productivity-enhancing research will be needed if the significant price rises reported 
here are to be prevented.

●● Growth in TFP is important to attaining sustainable intensification.

●● Other models have projected price rises in the future but prices appear particularly sensitive to 
assumptions about growth in agricultural productivity.

●● Climate change overall has a negative effect on crop productivity, but there are large regional 
differences in its impact: results differ depending on the climate model used and demonstrate the 
uncertainty surrounding the impact of climate change on agriculture.

●● Results from these models and others suggest that international trade is important in ameliorating the 
impact of both the unequal distribution of climate change effects and idiosyncratic supply-side shocks 
such as droughts.

●● Increases in protectionism amplify stresses on the food system by increasing prices and encouraging 
production in less suitable areas.

●● In other simulations it is changes in the growth in crop productivity that have the greatest effects on 
food prices and food security outcomes.

●● An increase in energy prices decreases food security outcomes indirectly by diverting household 
resources away from food consumption in countries that are dependent on fuel imports; this impact 
dominates any effects from higher input prices for agriculture.

●● The impact of future biofuel production will depend on uncertainties such as energy prices, energy 
policies and technological change; recent research has found that increased biofuel production results 
in food price rises but that this impact is reduced if second-generation technology is available or if 
international trade encourages production in more suitable regions.

●● More modelling research is needed so that decision-makers can better comprehend the complex 
interconnections between the energy system and the food system.

●● A rise in demand for livestock products in large countries such as China and India increases global 
demand for food and leads to increases in world food prices; global markets can lessen the impact if 
trade flows freely, otherwise the effects may be more severe.

●● Systematic comparison of the many food system models that produce long-term projections is 
needed so that decision-makers can understand better the various uncertainties that surround the 
future of the food system.

●● The data sets that provide the basis for model calibration and validation urgently require improvement 
to enhance the utility of scenarios and models to decision-makers.

74	Lempert et al. (2006)
75	Developing countries include low-income and middle-income developing countries.
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