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Abstract: This paper presents a scenario-based assessment of global future food security. To
do that, the socio-economic and climate change scenarios were defined for the future and
were linked to an integrated modeling framework. The crop vyields simulated by the
GIS-based Environmental Policy Integrated Climate (EPIC) model and crop areas simulated
by the crop choice decision model were combined to calculate the total food production and
per capita food availability, which was used to represent the status of food availability and
stability. The per capita Gross Domestic Product (GDP) simulated by IFPSIM model was used
to reflect the situation of food accessibility and affordability. Based on these two indicators,
the future food security status was assessed at a global scale over a period of approximately
20 years, starting from the year 2000. The results show that certain regions such as South
Asia and most African countries will likely remain hotspots of food insecurity in the future as
both the per capita food availability and the capacity of being able to import food will decrease
between 2000 and 2020. Low food production associated with poverty is the determining
factor to starvation in these regions, and more efforts are needed to combat hunger in terms
of future actions. Other regions such as China, most Eastern European countries and most
South American countries where there is an increase in per capita food availability or an in-
crease in the capacity to import food between 2000 and 2020 might be able to improve their
food security situation.
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1 Introduction

Although human has made a great success in continuously increasing food supply to meet
the demands of their populations over the past decades, there are still a number of people
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living in an insecure food situation. According to the Food and Agriculture Organization
(FAO) report, approximately 1.02 billion people are undernourished worldwide in 2009
(FAO, 2009). More and better-targeted investments, innovations, and policy actions are thus
required to focus on human resources, rural infrastructure, water resources, and farm- and
community-based agricultural and natural resources management to achieve the goal of food
security (Rosegrant and Cline, 2003). All these are necessarily based on a better under-
standing of the dynamics, risks and forces that shape the factors affecting food security. In
this regard, food security assessment will be high on the policy agenda for most countries
(Godfray et al., 2010).

Referring to literature overview, there has been considerable progress in assessing food
security at different space and time scales as a consequence of changes in population, world
trade, changing agricultural policies and production technology, and the diversification of
the regional economy (Ewert et al., 2005; Parry et al., 2005; Adejuwon, 2006; Deng et al.,
2006; Lobell et al., 2008; Battisti and Naylor R, 2009; Tao et al., 2009). All these previous
studies have provided important information about the condition of food security, and they
have been used to support policy enactment for fighting against the food crisis and eradicat-
ing poverty and hunger.

However, despite the importance of future food security for human-environment system,
our knowledge of them is usually precarious. How will future food security status evolve in
time and what are the major reasons of these changes? Indeed, we have little precious
knowledge of the future food security status at all. Improved foresight of food security can
help to better inform policy decisions. Because the future has not happened, it offers no facts,
presents or testimonies, and provides no means for immediate verification. Uncertainties in
social, political and economic development both globally and regionally make it not possible
to predict future food security. Instead, it is possible to explore what might happen given
certain assumptions about future societal developments and environmental changes through
the construction of scenarios. Scenario are usually used to explore alternative, plausible
outcomes if basic assumptions about the people, places and things that might constitute the
world of future, how these constituents might interact, and the impacts that might transpire,
are changed. Thus, scenario-based studies provide an appropriate tool to develop plausible
visions of future pathways of food security (Shearer, 2005). This study aims to make an as-
sessment of future food security at a global scale using an integrated modeling framework
under a given scenario condition.

2 Methods

2.1 General framework

Food security exists when all people, at all times, have physical, social, and economic access
to sufficient, safe, and nutritious food that meets their dietary needs and food preferences for
an active and healthy life (Schmidhuber and Tubiello, 2007). This definition comprises four
key dimensions of food security: availability, access, utilization and stability. Food avail-
ability relates to the availability of sufficient food, i.e., to the overall ability of the agricul-
tural system to meet food demand. Access to food refers to the ability of a unit of individuals
to obtain access to acquire appropriate foods for a nutritious diet. Food utilization refers to
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individual or household capacity to consume and benefit from food. More recently, as cli-
mate change issues have caught great attention from the world, food stability, which relates
to individuals who are at high risk of temporarily or permanently losing their access to the
resources needed to consume adequate food, is also considered one important component of
food security (Ericksen, 2008).

Figure 1 shows the general framework used for future food security assessment in this
study. Under this framework, the biophysical, social and economic factors were combined
together to assess the future food security. Food production as a biophysical factor can di-
rectly influence the local food supply. Future food supply will have to heavily rely on do-
mestic production when the purchasing power is not strong enough. Population as a social
factor can largely influence the total demand for food. A higher population growth generally
requires an increasing amount of food supply, and may impose threat to local food security.
Gross Domestic Product (GDP) as an economic factor can impact the purchasing power of
consumers. Although some countries can produce enough food to feed their entire popula-
tion, there are still a large number of hungry populations because many people are very poor
and cannot afford to purchase sufficient food on the market. Moreover, when local food
production cannot meet the growing demand for food, a high per capita GDP can allow their
people to purchase the needed food from the market, and thus remains food security.
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Figure 1 General framework for assessment of future food security

Based on these three factors, two indicators were used to cover the four dimensions of
food security. One indicator denotes the per capita food availability and was used to repre-
sent the status of food availability and stability. The other indicator describes the per capita
GDP and was used to reflect the situation of food accessibility and affordability. The per
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capita food availability was determined by total food production and population, while the
per capita GDP was determined by total GDP and population. These two indicators were
linked to an integrated modeling framework, which includes three models. The total food
production was defined by crop yields and crop areas. Of these, the crop yields were ana-
lyzed with the GIS-based Environmental Policy Integrated Climate (EPIC) model, while the
crop areas were estimated with the crop choice decision model. The per capita GDP was
analyzed with the International Food Policy and Agricultural Simulation (IFPSIM) model.
All of these three models were driven and limited by a list of given scenario conditions and
assumptions, which are archetypal descriptions of alternative images of the future.

2.2 Model constructions

2.2.1 GIS-based EPIC model

The EPIC model was initially developed by United States Department of Agriculture, Agri-
cultural Research Service in 1984 with the purpose of understanding the relationship be-
tween soil erosion and crop productivity. In EPIC, a general plant growth model with
crop-specific parameters is used to simulate the growth of rice, wheat, maize, sorghum and
soybean, among others. The EPIC was originally a site-specific model, and uses a daily time
increment to simulate weather, hydrology, soil erosion by wind and water, nutrient cycling,
tillage, crop management and growth, and field scale costs and returns. It is thus not possible
to use the original EPIC model directly for large-area applications. However, by integrating
EPIC with GIS, the GIS-based EPIC model gains the possibility of estimating crop yields
from field level to small country or sub-regional scale (Yang et al., 2007). It treats each grid
cell as a site and simulates the crop-related processes for each predefined grid cell with spa-
tially distributed inputs.

In this study, the GIS-based EPIC model (Version 8120) was adopted to estimate the po-
tential yields of different crop types under a given biophysical and agricultural management
environment (Wu et al., 2008). The EPIC calculates daily potential biomass as a function of
solar radiation, leaf area index (LAI), and a crop parameter for converting energy to biomass.
The potential plant growth is driven by photosythentically active radiation. The amount of
solar radiation captured by the crop is a function of LAI and the amount of solar radiation
converted into plant biomass is a function of the crop-specific radiation use efficiency. The
daily potential biomass is decreased by stresses caused by water shortage, temperature ex-
tremes, nutrient insufficiency and soil aeration inadequacy. The daily potential biomass is
decreased in proportion to the severity of the most severe stress of the day. Crop yield is
estimated by multiplying above-ground biomass at maturity by a water stress adjusted har-
vest index (Williams et al., 1990).

2.2.2  Crop choice decision model

This crop choice decision model developed by Wu et al. (2007a and 2007b) was used to
analyze the changes in crop areas by investigating changes in crop choice decisions among a
variety of available alternatives. The general hypothesis of this model is that the sown area
of particular crops is directly linked with human decisions on crop choice for farmland. Thus,
it is possible to track and estimate changes in the crop sown areas over time and space
through capturing the essential features of individual human decision processes on crop
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choice. To do that, the term “utility” was introduced to describe a mathematical function that
expresses the preferences of discrete crop choices of land users in a utility maximizing
framework. Using these relative crop utilities, farmers seek to maximize their income by
allocating their lands to those crop cultivation activities that they perceive will provide the
greatest return or that will carry the least risk. The allocation of land to specific crop types is
then translated into the conversion of an area from one crop coverage to another. The utility
(Uj;) of each possible crop is assumed to comprise two parts:

U=V, *g (D
where V; is the systematic and observed component of the latent utility for crop i, and &; is
the random or “unexplained” component.

Because of the random component, scientists can never expect to predict choices perfectly.
This leads to the expression for the probability of choice. Assuming that the random error
terms are distributed independently and identically and follow the Gumbel distribution, the
probability that a crop, i, is chosen for cultivation can be estimated using the Multinomial
Logit model (Seo and Mendelsohn, 2008; Wu et al., 2008):

/¥y
P=e" Ze’ 2)
i=1

where i denotes the crop types used for analysis (i =1, 2, ..., N), P; is the probability for
crop type i, and V; is the observed utility of crop type i, which can be stated as:

M
Vi=a;+ 2.b;x 3)
j=1

where q; is an alternative specific constant for crop type i, j is the number of explanatory
variables (j=1, 2, ..., M), x is the explanatory variable, and b; is the coefficient to be esti-
mated for the variable x;.

2.2.3 IFPSIM model

The IFPSIM model is a multi-commodity, multi-regional and multi-period world agricultural
trade and policy simulation model developed and designed on the Ohga Model Building
System (Ohga and Yanagishima, 1996). It is a partial equilibrium and interactive model, al-
lowing for the simultaneous determination of supply, demand, trade, stock levels and prices
for 14 commodities of the world. In this study, the IFPSIM was utilized to evaluate the price
of crops in the international market.

Food demand in each country or region is divided into three kinds: demand for food for
human consumption, for livestock and for the production of processed food, and it is de-
scribed by individual income, population and the consumer purchase price of the crop in
question. Food supply in the same country or region is comprised of the supply of crops and
the supply of livestock products. The supply of crops is described by crop yields, sown areas
and the producer price for each crop. The total food demand or supply in the world is deter-
mined from the summation of the demand or supply in each region. In the international
market, crop price is determined by the level at which world supply is equal to world de-
mand, where all variables are simultaneously determined, while world market clearing
prices are derived by equating the sum of gross imports and the sum of gross exports (Ohga
and Yanagishima, 1996).
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2.3 Scenario development and parameterization

In this study, a scenario describing the socio-economic development and climate change for
the future was constructed to drive the models so as to make an assessment of future food
security. The model application was designed to run over a period of approximately 20 years,
starting from the year 2000. The reason why the future period of 2000-2020 was selected is
mainly due to two reasons. First, this time period is most relevant to large agricultural in-
vestments, which typically take 15 to 30 years to realize full returns. Second, a shorter pe-
riod will lead to smaller changes in some factors, such as adaptation, diet patterns, etc (Lo-
bell et al., 2008). According to the FAO statistical database, the four crops of rice, maize,
wheat and soybean make up nearly 80% of the global cereal harvested area and 86% of
global cereal production. Only these four major crops were taken into account in this study.

2.3.1 Socio-economic scenarios

The socio-economic scenario describes the key elements, such as demography, economic
development, technology, and policy interventions, which together provide the description
of a possible future state of the world. The socio-economic scenario organizes the percep-
tions on the driving forces for crop price and crop yield model.

In this study, the global-scale scenario of socio-economic development was taken from
the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Sce-
narios (SRES) framework. The four SRES storylines (A1, A2, B1 and B2) represent differ-
ent world futures in two dimensions: a focus on economic or environmental concerns, and
global or regional development patterns (Arnell ef al., 2004). There is little difference be-
tween the different scenarios in terms of GDP and population development in the relatively
short time span between 2000 and 2020. Thus, this study mainly focused on the A1 scenario
because this scenario tends to highlight potential future problems the most at the global scale
(Westhoek et al., 2006). The recent downscaled population and GDP data for A1 scenario by
the International Institute for Applied Systems Analysis (IIASA) were used here for future
simulation. The IIASA datasets were produced with a 30 arc-minute resolution for the pe-
riod 2000-2100. The projections of future population and GDP follow the qualitative sce-
nario characteristics of the original SRES scenarios (Griibler et al., 2007).

As for the modern agricultural technology, Genetically Modified Organism (GMO) was
taken into consideration in estimation of future crop yields as it is one of the highest rates of
crop technology adoption in agriculture and reflects the growing acceptance of GM crops by
farmers in both industrial and developing countries (Brookes and Barfoot, 2006). To under-
stand the future scenarios of GM crop development and their yield effects in our analysis,
this study followed the historical trend of average annual growth rate and average yield ef-
fects of GM crops for major countries (such as USA, Argentina, Brazil, China, Canada and
India). The impacts of GMO were then embedded into the GIS-based EPIC model to simu-
late the crop yields under future scenario conditions. Furthermore, the future scenarios for
major agricultural policy intervention, such as the fixed Direct Payment program in USA
and the Common Agricultural Policy in European commission, were also included. However,
some other socio-economic variables, such as road accessibility and agricultural manage-
ment measures (irrigation, pesticides and fertilizers), were assumed to be the same as they
are currently in the future simulation since it is not possible to collect these data for the fu-
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ture.
2.3.2 Climate change scenarios

The climatic scenario defines the major features of future climate change, which may
strongly drive changes in crop yield in the future. In this study, for constructing the future
climate change scenario, both the historical and future monthly climate data on maximum
temperature, minimum temperature and precipitation between 2000 and 2020 were obtained
from the high resolution projections of MIROC (Model for Interdisciplinary Research on
Climate) 3.2 (K-1 model developers, 2004). This dataset consists of monthly time-series of
climate data for the period 1990-2100 covering the global land surface at a grid resolution
of 1.1° of latitude and longitude. In order to reduce the abnormal variations of climate
change, the 10-year average data was calculated for the year 2000 (1991-2000) and 2020
(2011-2020).

However, it should be noted that the coarse spatial resolution of MIROC and large uncer-
tainty in their output make it inappropriate to directly use the projection data for yield simu-
lation with the GIS-based EPIC model. It is thus necessary to calibrate the projected climate
data before using them. In this study, a statistical algorithm was used to calibrate the original
MIROC dataset by taking the historical observation climate data from the Climate Research
Unit (CRU) of the University of East Anglia as the reference data. To do that, a grid by grid
regression analysis was made first between the MIROC-simulated data for the historical pe-
riod of 1901-2000 and the CRU observed data for the same period of 1901-2000. And then
the regression function was applied to the MIROC projected future data for the period of
2000-2020 to calibrate the bias for each grid cell.

2.4 Steps for future food security assessment

Based on the crop yields and crop areas, the changes in total food production were firstly
assessed by comparing the food production in the year 2020 with those in the baseline year
2000. Change ratio of total food production (CR p) was computed using the following

Equation 4.
4
3 y2020 % 42020
T 4)
3 /2000 5 42000
i=1

CR p=

where CR_p is change ratio of total food production, Y is the crop yield for crop type i, 4 is
the crop areas for crop type 7, and # is the total number of crops.

A CR_p value higher than one in a grid cell means the total food production in that grid
cell will increase in the future, while a CR_p value lower than one means the total food pro-
duction will decrease. Yet, it should be noted that assessment of food security by thinking
only the total food production and disregarding the population status remains limited. Even
though the overall food production will not decrease for some regions, per capita food
availability may decrease when considering future population growth. To understand
whether the projected changes in total food production will influence the overall food avail-
ability, relative changes in per capita food availability (CR_a) for the same period were cal-
culated using the following Equation 5.
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CRa=% (5)
YZOOO * A;OOO / PO P2000

1

where CR_a is change ratio of per capita food availability, Y is the crop yield for crop type i,
A is the crop areas for crop type i, and POP is total population.

Secondly, a separate analysis for changes in per capita GDP was undertaken because it
can strongly impact the purchasing power and determine whether a country or region is able
to import more food from outside during the study period. The overall global increase in per
capita GDP between 2000 and 2020 was first computed as done in Liu et al. (2008). The
relative difference between the growth rate of per capita GDP in a grid cell with the global
average per capita growth rate was then calculated. In case that the growth rate of per capita
GDP in a grid cell is higher than the global average per capita growth rate during the period
of 2000-2020, it was assumed that people in this grid may have more purchasing power and
financial capacity to import food when the per capita food availability in this grid decreases
in the future. In case that the growth rate of per capita GDP is lower than the global average
growth rate, it was assumed that less food per capita will be purchased in that grid cell.

Finally, the changes in per capita food availability and the changes in per capita GDP
were combined to examine the hotspots of potential risks of food insecurity for the study
period through identifying the areas with both decreased per capita food availability, as well
as a slower growth rate of per capita GDP than the average growth rate.

3 Results and analysis
3.1 Changes in crop yields and crop areas

Figure 2 presents the change ratio of crop yields for four crops during the period of
2000-2020. The results show that except that crop yields of these four crops in many regions
remain unchanged in the next 20 years, there are considerable changes in crop yields. Ac-
cording to our results, rice in some regions in northern India, northern China and Japan may
benefit more from global climate change, while yields of rice crop in Southeast and South
Asia will decrease. Maize yields show an obvious decrease in some regions located in
southwestern and northern China, Western Europe, Northern Great Plains in USA and south-
ern Brazil. In other regions, maize gains the increase in yields. Similar to maize, the yields
of wheat will be dominantly reduced in 2020 compared to 2000, which is indicated by the
change ratio being generally lower than one in most regions. Soybean may benefit from cli-
mate change in Argentina and northern China, but it may decrease in Brazil, southern China
and Northern Great Plains in USA.

The global geospatial distribution of sown areas for four crops in 2000 and 2020 is shown
in Figure 3. For the globe as a whole, rice, maize and wheat crops generally showed a con-
stant growth in global total sown areas during the period of 2000-2020, while soybean crop
showed a slight decrease trend during the simulation period. The global totals of sown areas
were projected to increase from 151,160 and 207 million ha in 2000 to 204, 208 and 251
million ha in 2020 for rice, maize and wheat, respectively. By 2020, the total sown areas of
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Figure 2 Changes in crop yields during 2000-2020 for (a) rice; (b) maize; (c) wheat and (d) soybean (Note: the
legend less than one means that crop yields will decrease between 2000 and 2020, more than one means that crop
yields will increase between 2000 and 2020. For instance, the legend 0.5-0.75 means a reduction between
50%—25%)
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Figure 3 Global distribution of sown areas for major crops in (a) 2000 and (b) 2020

soybean were projected to be about 86 million ha, with a decrease of 2% with respect to
2000. Figure 4 illustrates the simulated sown areas and their predicted changes for four ma-
jor crops during the period 2000-2020 in six continental regions. Generally, changes in
sown areas of individual crops vary across regions of the world. The sown areas of rice,
maize and wheat were predicted to increase at different rates from 2000 to 2020 in each of
the continental areas. In particular, rice in Asia, maize in Africa and Latin America, and
wheat in Asia and Europe showed a significant increasing trend over time. In Oceania, only
wheat crop showed a substantial increase in sown areas while other three crops displayed
little or no changes. The changes in sown areas for soybean were uneven across the world.

Sown area (million ha)

Soybean
Soybean

Latin America

North America

Figure 4 Changes in sown areas of major crops in different regions during 2000-2020
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Sown areas of soybean in Africa, Asia and North America declined, while the other regions
showed a tendency to slightly increase the sown areas of soybean.

3.2 Changes in per capita food availability and per capita GDP

Figure 5 shows the change ratio of food production (CR_p) during the period of 2000-2020.
It can be seen that climate change will result in a reduction in total food production in sev-
eral regions such as southeastern China, South and Southeast Asia, Western and Eastern
Europe, Northern Great Plains in USA, Brazil and some African countries. In contrast, cli-
mate change will lead to an increase in total food production in some regions in northern
China, northern India, Northern Europe, Central USA, Argentina, Australia and some East
African countries such as Kenya and Zimbabwe. Considering the population growth, the
changes in per capita food availability between 2000 and 2020 may present different trends
(Figure 5). Figure 6 shows the changes in per capita food availability (CR_a) between 2000
and 2020. A substantial increase in per capita food availability can be found in some parts
located in northeastern and southwestern China, Eastern and Southern Europe, USA and
Brazil. Noticeable increase can be also found in some regions in Southeast Asia, Argentina,
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E }gt%%ﬁ 0 2000 4000 km
i 7

Figure 5 Changes in total food production during 2000-2020 (Note: the legend less than one means that total
food production will decrease between 2000 and 2020, more than one means that total food production will in-
crease between 2000 and 2020. For instance, the legend 0.5-0.75 means a reduction between 50%-25%)

> 0 20004000 km™
—_—

Figure 6 Changes in per capita food availability during 2000-2020 (Note: the legend less than one means that
per capita food availability will decrease between 2000 and 2020, more than one means that per capita food
availability will increase between 2000 and 2020. For instance, the legend 0.5-0.75 means a reduction between
50%—-25%)
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Southeast Africa and Australia. Grid cells with decreased per capita food availability during
20002020 are located in northern and southern China, most South and Southeast Asian
countries, Western Europe, USA, Brazil, Argentina, and most African countries.

The relative changes in per capita GDP with respect to global average were calculated and
shown in Figure 7. Not surprisingly, areas with the highest growth rate of GDP per capita
during 2000-2020 are located in developing countries such as China, Southeast Asian coun-
tries and Latin American countries. Some North African countries such as Botswana, Mo-
zambique, Morocco and Egypt also have a projected higher growth rate of GDP relative to
global average growth rate. These areas with a relative higher GDP growth are likely to have
the capacity of being able to import food in the future. The increasing purchasing power in
these areas may compensate the decrease in per capita food availability. The areas in par-
ticular located in South Asian countries and most African countries are likely to experience a
dramatic decrease in the capacity to import food on a per capita basis than currently as the
growth rates of GDP in these areas are 35%—50% lower than the world average growth rate
between 2000 and 2020. The food supply in these regions will strongly rely on the local food
production due to their low capability of purchasing food from outside. It can be also found
that most developed countries have the lower growth rate of GDP per capita relative to
global average. The lower growth rates of GDP per capita in these developed countries may
also have some impacts on their food supply.

3.3 Future food security status

Based on the changes in per capita food availability (shown in Figure 6) and the changes in
per capita GDP (shown in Figure 7), it is possible to identify the future hotspots of food in-
security by identifying those grid cells where the per capita food availability will decrease
and the growth rate of per capita GDP will be below the world average during the period of
2000-2020. These results can be categorized into three classes as shown in Figure 8. Both
the classes shown in green tones and blue tones might be able to improve their food security
situation due to either an increase in per capita food availability or an increase in the capac-
ity to import food between 2000 and 2020. According to our results, China, most Eastern
European countries and most South American countries are not likely to face severe food
insecurity in the next 20 years. However, the grid cells in red tones located South Asian and
most African countries will likely remain hotspots of food insecurity in the future. In these
regions, both the per capita food availability and the capacity of being able to import food
will decrease between 2000 and 2020. The local food production may not be able to meet
their food demands and their populations are also not able to purchase more foods from out-
side through trade, thus more efforts are needed to combat hunger in terms of future actions
(such as food aid and development programs). It should be noted that although some devel-
oped countries such as Western European countries, USA and Japan will also experience
both a decrease in per capita per capita food availability and a decrease in per capita GDP,
their populations will still be food-secure as their populations less relies on subsistence ag-
riculture and their high capabilities of importing food due to the strong purchasing power
and financial support, as well as the substantial adaptive capacity and proactive food man-
agement systems.
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Figure 7 Changes in per capita GDP during 2000-2020 (Note: the legend less than one means a lower growth
rate of GDP than the world average growth rate between 2000 and 2020, and more than one indicates a higher
growth rate of GDP than the world average growth rate between 2000 and 2020. For instance, the legend 1.25-1.5
means the growth rate of GDP is 25%—50% higher than the world average growth rate)

I increase in per capita food availability |7
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—— by
Figure 8 Future food security status at a global scale

4 Conclusions and discussion

This paper presents a scenario-based assessment of global future food security. The
socio-economic and climate change scenarios were defined for the future and were linked to
an integrated modeling framework. The crop yields simulated by the GIS-based EPIC model
and crop areas simulated by the crop choice decision model were combined to calculate the
changes in total food production and per capita food availability, which represent the status
of food availability and stability. The calculated changes in per capita GDP reflect the situa-
tion of food accessibility and affordability. Based on these two indicators, the food security
status was assessed at a global scale over a period of approximately 20 years, starting from
the year 2000.

The results show that multiple biophysical, social and economic factors can interactively
impact the food security status of a certain region, of which low food production associated
with poverty is the determining factors to starvation. Thus, those studies on food security
assessment by only considering food production or food supply remain rather limited, as
food security is concerned not only with food availability but also with access to and stabil-
ity and utilization of food. Although increases in the food production have resulted in suc-
cesses in reducing the prevalence of hunger and improving nutrition worldwide, these suc-
cesses are shadowed by serious concerns about other aspects of food systems that pose
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threats to social, economic and environmental goals and hence undermine food security. For
instance, a number of people went undernourished in African countries not because there is
not enough food, but because people are too poor to buy it. The crucial issue for their food
security is not whether food is “available”, but whether the monetary and non-monetary
resources at the disposal of the population are sufficient to allow them access to adequate
quantities of food. Thus, to achieve the goal of food security in the future, on the one hand,
cultivation intensification will be the dominant means for increasing production in the future
as there is little new suitable land that can be brought into cultivation for many regions of
the world. Increasing the number of crops sown on a particular area of land or by increasing
the yield per unit area of individual crops by continued technological developments, or both,
is expected to be the main way to increase food production to meet the demands of food se-
curity (Gregory et al., 2005; Wu et al., 2010). On the other hand, development of effective
adaptation to the changing environments is an increasingly urgent agenda for most countries.
In particular, adaptation and mitigation measures should be taken soon to combat the ad-
verse effect of climate change on crop production. These can involve management-level ad-
aptation options such as investing in agricultural inputs such as fertilizer rates, irrigation and
improved varieties/species, altering the timing of cropping activities, improving the effec-
tiveness of pest and weed control, and water and soil management practices. However, ad-
aptations at this level can be influenced strongly by government policy decisions to establish
or strengthen conditions favorable for effective adaptation activities through fostering free
trade and promoting investments in new technologies and infrastructure, building adaptation
capacity of user community and institutions, and in general modifying the decision-making
environment under which management-level adaptation activities typically occur (Howden
et al., 2007; Brown and Funk, 2008). All these can help to increase steady local and interna-
tional production, improve fast access to food supplies, and provide secure and stable food
supplies for the future.

This study also contains some uncertainties. First, the SRES socio-economic scenario and
the MIROC climate change scenario were used to drive the models. All the future scenario
interpretations, parameterization were based on judgments that may be subjective, and thus
have high uncertainties. When these future scenarios data were used as the input for model
simulation, it might contain some uncertainties. Second, the models on which future sce-
nario analysis on food security were made also contain certain uncertainties. Furthermore,
this study only considered the globally widespread four crops and ignored other re-
gion-specific crop types, and considered limited adaptive capacity such as the use of new
crop varieties and crop management options. This could underestimate the food production
for some regions. All these together could influence the assessment results of food security
to some extent. Thus, these results of future food security assessment do not constitute a
“prediction” of the future, but highlight the hotspot regions where there is a high potential
risk of food insecurity.
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