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a b s t r a c t
Rapidly expanding global trade in the past three decades has lifted millions out of people out of poverty.
Trade has also reduced manufacturing wages in high income countries and made entire industries
uncompetitive in some communities, giving rise to nationalist politics that seek to stop or reverse further
trade expansion in the United States and Europe. Given complex and uncertain political support for trade,
how might changes in trade policy affect the global food system’s ability to adapt to climate change? Here
we argue that we can best understand food security in a changing climate as a double exposure: the
exposure of people and processes to both economic and climate-related shocks and stressors. Trade
can help us adapt to climate change, or not. If trade restrictions proliferate, double exposure to both a
rapidly changing climate and volatile markets will likely jeopardize the food security of millions. A
changing climate will present both opportunities and challenges for the global food system, and adapting
to its many impacts will affect food availability, food access, food utilization and food security stability for
the poorest people across the world. Global trade can continue to play a central role in assuring that global food system adapts to a changing climate. This potential will only be realized, however, if trade is
managed in ways that maximize the benefits of broadened access to new markets while minimizing
the risks of increased exposure to international competition and market volatility. For regions like
Africa, for example, enhanced transportation networks combined with greater national reserves of cash
and enhanced social safety nets could reduce the impact of ‘double exposure’ on food security.
Ó 2017 Elsevier Ltd. All rights reserved.

1. Introduction
Global trade has grown at twice the rate of the global economy
since the 1990s, lifting hundreds of millions of people out of poverty, enhancing competitiveness, expanding economies and
improving living standards (WTO, 2016). These benefits have not
been felt by everyone. Trade has also reduced manufacturing
wages in high income countries and made entire industries
uncompetitive in some communities, giving rise to nationalist pol⇑ Corresponding author.
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itics that seek to stop or reverse further trade expansion
(Karabarbounis and Neiman, 2014; Timmer et al., 2014).
Increasingly anti-trade rhetoric and protectionist agendas heard
in Europe and the United States are emerging as low income countries seek better integration into the global economy (Henson and
Loader, 2001; Murina and Nicita, 2015). This demand for participation is particularly acute amongst those countries that suffer a lack
of access to sufficient food, since imports can help lower local commodity prices. Over the next decade the food security of hundreds
of millions of people will rely heavily on the evolution of global
trade.
In the contemporary trade context, a changing climate will present both opportunities and challenges for the global food system.
Climate change may affect people and processes in ways that
reduce food security by increasing vulnerable people’s ‘double
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exposure’. Double exposure results when both economic and
climate-related shocks and stressors act together to increase overall vulnerability (O’Brien and Leichenko, 2000). Our perspective is
that trade openness can reduce both individual and institutional
vulnerabilities by (i) enhancing future food security and (ii) reducing the cost of response to climate change-induced food availability shocks – if countries have the necessary physical and
institutional infrastructure in place (Brown et al., 2015).
2. Food security and global food systems
Food security is defined as a situation in which ‘‘all people at all
times have physical, social, and economic access to sufficient, safe,
and nutritious food to meet their dietary needs and food preferences for an active and healthy life” (FAO, 2012, 1996). Broadly
speaking, food security is comprised of three pillars: food availability, food access, food utilization, as well as the overall stability of
each pillar (Pinstrup-Andersen, 2009). Food availability is the existence of food in a particular place at a particular time. Availability
addresses the ‘‘supply side” of food security, which is determined
by food production, transportation, food stocks, storage, and trade
(Devereux, 1988).
Once food is present, then the question becomes whether or not
a person or group has access to it. Integral to this food security
component are issues ranging from the affordability of food to
the social roles and responsibilities that govern the allocation of
available food within a society (across a range of scales, including
intra-nation and intra-household) (Higgins et al., 2015; Ploeg et al.,
2012). Utilization, or the ability to use and obtain nourishment
from food, includes a food’s nutritional value and how the body
assimilates its nutrients, and touches on climate-sensitive variables such as food safety, sanitation and health (Crimmins et al.,
2016).
Finally, the stability of these pillars also shapes food security
outcomes. When stable, food availability, access, and utilization
do not fluctuate to the point of adversely affecting food security
status, either on a seasonal or annual basis or as a result of unpredictable events (FAO, 2012). For example, in 2012, almost the
entire United States experienced severe drought, yet food prices
exhibited very little fluctuation. Extreme weather, political unrest,
or a change in economic circumstances may affect food security by
introducing instabilities in one or more components (Sen, 1990).
Access, availability, utilization, and the stability of these three
pillars take shape in the context of a global food system
(Vermeulen et al., 2012). This system connects producers and consumers through markets that operate at different scales. On one
hand, these interconnections can facilitate increased production
by providing the income and capital needed to spur new investments in agricultural production or transportation infrastructure
that increase the movement of food from producers to consumers.
These investments can lower the cost of such production and
transportation, reducing the price of food and facilitating greater
access and choice to most people within this system (WTO,
2015). On the other hand, for some populations there are situations
in which the global food system can produce challenges. For example, the increased interconnectedness of food producers and consumers globally can result in the transmission of price shocks
produced by distant production crises to people who previously
were insulated from such events, such as seen in the food price
spikes of 2008 and 2011 (Anderson et al., 2014; Baltzer, 2013).
3. Climate and the food system
Climate change, identified by changes over an extended period
in the average and/or variability of properties such as temperature
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and precipitation, is already affecting major agricultural regions in
the world (Walthall et al., 2012). The Intergovernmental Panel on
Climate Change (IPCC) finds that human activities have resulted
in large changes in Earth’s climate over the last few centuries,
and much larger changes are projected in the coming decades
due to increases in greenhouse gas (GHG) emissions (Crimmins
et al., 2016; O’Neill et al., 2014; Rosenzweig et al., 2014; Teixeira
et al., 2013; Stocker et al., 2013).
These changes have multiple implications for the global food
system. The effect of global climate change on food production
(and therefore availability) is well-documented, but is also highly
specific to both place and the crop or animal commodity in question (Challinor et al., 2007; Rosenzweig et al., 2014; Sivakumar,
2006; Wang et al., 2009). The effects of changes in climate on crops
tend to be gradual until a threshold is reached (IPCC 2013). As the
planet warms, more regions may experience temperature-related
yield stagnation and even declines, affecting overall food production. Climate change risks can extend beyond agricultural production to other elements of food systems (Vermeulen et al., 2012).
Processing, packaging, and storage are very likely to be affected
by temperature increases that could increase costs and spoilage.
An example is the cooling of fruits and vegetables following harvest to extend shelf life (Kurlansky, 2013), which entails higher
energy costs (Moretti et al., 2010).
Packaging and logistics companies in some countries now collaborate with farmers and organizations that seek to reduce food
waste to develop packaging that provides ventilation and temperature control (Verghese et al., 2013). Climate change could also
make utilization more difficult by increasing food safety risks
throughout various stages of the food supply chain (Jacxsens
et al., 2010; Tirado et al., 2010). For example, increased temperatures are known to cause an increase in diarrheal diseases (which
can lead to malnutrition); bacterial foodborne diseases grow and
reproduce faster at elevated temperatures (Bandyopadhyay et al.,
2012; Tirado et al., 2010).
The impacts of climate change on access are less well understood. Much of the information we have on availability is tied to
prices. While the price of food is also an important factor in shaping food access, it is hardly the only factor, and in many cases, may
not be the most important factor. Instead, the roles and responsibilities that dictate who has access to food and why can produce
food insecurity in places where prices are low, or result in distributions of food that offset the worst food security outcomes in situations where food prices spike (Bellemare, 2015).
Further, even from a market-centric perspective, ports, riverine
barge systems, and roads in regions experiencing sea-level rise and
changing frequency of climate extremes such as heat waves and
drought due to climate change may impede the movement of food
from places with surpluses to places with deficits (Attavanich et al.,
2013). Such impacts can shape availability and utilization of food
in particular places, and also have an impact on access when this
infrastructure results in local shortages.

4. Coupled climate, crop, and economic models
Framed as a product of double exposure, it is critical to evaluate
food security outcomes as the product of linked economic and
environmental changes now and into the future if we are to build
relevant, productive policies that address future food security
(O’Brien and Leichenko, 2000). To this end, coupled climate, crop,
and economic models have been used in recent analyses that use
scenarios of both high and low GHG emissions to better understand the likely impact of economic and environmental changes
on food security (Antle and others, 2015).
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Although changes in climate due to anthropogenic factors have
been analyzed by models for several decades, when considering
food security as the outcome of double exposure, it is not enough
to focus only on climatic variables such as rainfall and temperature. Instead, we need scenarios that frame what society (and its
attendant economy) may look like by 2050 or 2100, for example,
and then use these to estimate the probable impacts of the future
climate on that future society. Some future societies and economies may be more vulnerable to climate change than others. In
the coming decades, some societal changes are likely to be more
important for food security outcomes than climate. Factors such
as population growth, changes in income, and the affordability of
food, will all strongly affect how much food each person can afford
to consume.
Technological change in agricultural production and in food
processing are particularly difficult to predict and can have a profound effect on food availability and access (Meléndez and Uribe,
2012). Linking models that project agriculturally relevant parameters from climate models to crop models and then to economic
models that can project the likely price of food in the future
(among other indicators) help us understand the relative importance of these changes to food security in coming decades (Antle
and others, 2015; Rosenzweig et al., 2014).
For example, climate models show that over a wide range of
scenarios, global temperatures are expected to increase throughout
this century. These are likely to be accompanied by longer, more
frequent, and more intense temperature extremes and heat waves
and increases in regional extreme precipitation events (Stocker
et al., 2013). Coupled climate, crop and economic models show that
these changes will have consequences for the average and variance
of global crop yields, crop production patterns, food prices and
effects on food processing, storage, transportation, and retailing
(Attavanich and McCarl, 2014; Attavanich et al., 2013; Teixeira
et al., 2013; Wiebe et al., 2015). Despite the significant challenges
posed by climate change, coupled climate, crop, and economic
models show that technological and socioeconomic changes could
compensate for changes in climate, resulting in food security outcomes similar to those we experience today (IAC, 2004).

would flow easily between countries and regions (Table 1). Under
these scenarios, markets are likely to be able to facilitate the movement of food from areas of surplus to areas of deficit. This is likely
to reduce food availability challenges created by changes in
climate.
On the other hand, SSPs 2, 3, and 4 all present different futures
under somewhat constrained market connectivity. Under SSP2,
stresses and shocks in availability are anticipated, and the semiopen globalized economy may not be open enough to facilitate
the robust trade links needed for markets to effectively respond
to these shocks. Under SSPs 3 and 4 this pattern is accentuated.
These SSPs present a world where the wealthy enjoy strong trade
connections through which they can access goods and resources,
but the global poor have few connections to markets and between
one another. As a result, markets would be unable to respond fully
to shocks and stresses on availability such that food can effectively
move into deficit areas to address shortages.
Under SSP3, poor market connectivity also exists among the
wealthy of the world, though effects on food availability would
almost certainly be less severe than among the poor because
greater incomes allow for greater food access. Under SSP4, high
within-country inequality could create market-based challenges
that diminish food availability for segments of the population
within a country. For example, the consumption of meat and other
resource-intensive foods under this scenario would divert food
away from poorer populations, and low-functioning markets
would inhibit trade to areas of deficit created by this pattern of
consumption.
Trade also improves household food access by moderating price
increases under climate change (Brown and Kshirsagar, 2015;
Wiebe et al., 2015; Lybbert and Sumner, 2012). For example,
extending earlier AgMIP research with five global economic models to observe the effects of alternative socioeconomic and climate
scenarios, Wiebe et al. (2015) found that relative to a world where
the climate remains fixed under current conditions, low-emis
sions/high-international-cooperation scenarios with moderate-tohigh levels of global trade exhibit smaller price increases compared
with high-emissions/low-international-cooperation scenarios with
restricted levels of global trade . Less trade generally means higher
prices, which lead to more food insecure people.

5. Advantages of trade for food security in a changing climate
Trade is a key way that sufficient calories and nutritious food
can be made more available and accessible to those experiencing
the greatest climate change impacts. Advances in technology and
management practices and the globalization of the food system,
including international trade and market connectivity, have
enabled widespread diffusion of new technologies and regional
agricultural specialization and intensification, resulting in the production of sufficient calories for everyone on the planet (Flynn
et al., 2009; Garnett et al., 2013; MacDonald et al., 2015). Today,
and probably in the foreseeable future, the problem of food security is principally one of distribution of food among nations,
regions and households (Fig. 1) rather than insufficient overall
production.
Moving food to where it is needed involves the means to physically transport foodstuffs, the absence of trade barriers, and the
financial wherewithal to purchase adequate nutrition. Trade, as a
major driver of economic growth, employment and poverty reduction, often enhances food availability and its stability with differing
effects under differing socioeconomic trajectories, such as those
described by the shared socioeconomic pathways (SSPs) produced
by climate impacts and vulnerability researchers, which describe
alternative ways in which global socioeconomic conditions could
change over the next century (O’Neill et al., 2014). Under SSP1
and SSP5, world markets would be highly connected and trade

6. Disadvantages of trade for food security in a changing climate
There are also a number of disadvantages of international trade
for poor and remote households that are felt today, and a few
which may become more important as the climate continues to
change. These include vulnerability to international price shocks
that affect local food affordability, and lack of competitiveness in
the global marketplace that leads to the inability of local governments to import sufficient food from the international market,
and isolation due to poor infrastructure.
Most arguments suggesting that access to international markets
has been beneficial to low income countries and agricultural
exporters are based on data aggregated at the national or regional
level. When we shift analysis to lower levels of spatial scale, we can
see that while access to markets provides opportunities, it also
introduces new sources of volatility into places that would not
otherwise feel the effects of a distant market or climate stress.
For example, when global food prices were high in 2008, food costs
in Burkina Faso increased sharply, despite above-average domestic
agricultural production that year (FAO, 2016). How donors and
states address this downside of trade is critical to the long-term
viability of the national and global food system.
International trade helps countries attain access to food in an
aggregate sense, though it will not by itself increase the within-
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Fig. 1. Global, country and household climate impacts.

Table 1
Shared socioeconomic pathways, trade, market and food security.
Shared socioeconomic
pathways

Assumptionsa

Global
population by
2100b

Trade and market connectivityc

Food security outcomesd

SSP1

Low challenges to both
mitigation and adaptation
Medium challenges to both
mitigation and adaptation
High challenges to both
mitigation and adaptation
Adaptation challenges
dominate mitigation
challenges
Mitigation challenges
dominate adaptation
challenges

6.9 billion

Moderate international trade with
connected markets
Moderate international trade with semiopen globalized economy
Strongly constrained international trade
with de-globalizing, regional security
Moderate international trade with
globally connected elites

Relatively food secure, stresses and shocks in
availability are compensated with trade
Relatively food secure, stresses and shocks in
availability are anticipated
Low food security for all, the poor worse off, better food
security for those with higher incomes
Low food security, portions of the population worse off
due to within- and between-country inequality

High international trade and strong
globalization with connected market

Relatively food secure, increasing number of shocks,
problems with availability are compensated with trade

SSP2
SSP3
SSP4

SSP5

a
b
c
d

9.0 billion
12.6 billion
9.3 billion

7.4 billion

O’Neill et al. (2014).
Samir and Lutz (2014).
O’Neill et al. (2015).
Brown et al. (2015).

country availability for isolated people, ensure food access for the
poor and socially marginalized, or deal with the health impacts of
poor food utilization (Handa and Mlay, 2006). Lack of infrastructure in many food insecure nations in Africa means that there is
virtually no formal trade between land-locked countries in northcentral Africa and those in more-developed eastern and southern
Africa. High transport costs sustains elevated local producer prices
by restricting imports and reducing competition from less expensive alternatives, but this also reduces access to food for the poorest households (Lee et al., 2012).
Increased internal trade within the African continent would
promote broader economic and political integration, resulting in
lower food costs and higher producer prices through the reduction
in necessary transportation and storage costs (Buys et al., 2006).
Since many parts of eastern and southern Africa experience inverse
relationships to El Niños and La Niñas, increased trade would help
mitigate increases in climate variability (Ubilava, 2016). Although
poor roads may cause the isolation of rural communities, poor
infrastructure may also be due to the lack of goods to trade. Poor
institutions and limited endowments of productive assets, resulting in little agricultural surplus and few raw materials, result in

few transportation links. Built infrastructure has long been recognized as an important element to development and strengthening
of local markets to provide affordable food as well as income
(Briceño-Garmendia et al., 2004).
International trade helps improve the aggregate welfare of society at the global scale by connecting areas of resource surplus and
deficit and lowers demand for land resources on a global level by
maximizing production in regions most suited to a crop (Fader
et al., 2013). But local and regional markets cannot always ensure
food availability within a nation or access to food when incomes
are low.
Although there may be enough food for everyone worldwide in
an aggregate sense, a particular country may not have sufficient
foreign exchange reserves to afford food imports (FAO, 2003). If a
region is unable to compete and fails to invest in local infrastructure, a drought or other extreme event that affects local production
may result in severe food deficits in a country, as was seen in Zimbabwe in 2008 (Funk and Budde, 2009).
Food affordability depends on the amount of disposable income
an individual or family has relative to food prices. For many of the
rural poor in developing countries, income depends at least in part
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on agriculture, which is itself vulnerable to climate variability and
change. Low-income households, whose food budgets represent a
large portion of their incomes, are more vulnerable to rapid
changes in prices than middle- and high-income households
because they do not have the economic reserves to increase their
food budget (Grosh et al., 2008). Therefore, while smoothing out
local production deficits with trade is an important tool to safeguard consumption by the poor, governments and development
organizations must also prepare to respond to occasions when
markets translate distant shocks into local food insecurity. Increasing local grain reserves might be one way to help insulate national
markets.
Care is needed in responding to these concerns, however. During the 2008 food price crisis, export restrictions imposed by major
rice-exporting countries were largely responsible for world rice
price tripling in four months during a time of record production
(Anderson et al., 2014; Bellemare, 2014). Restricting trade (on
either imports or exports) may protect the domestic population
from the impacts of regional and global economic shocks in the
short-term (Carr, 2011; Do et al., 2013), but over the long term,
when trade is restricted, producers cannot properly respond with
production changes, prices are higher, technology uptake is lower,
adaptation is more difficult, and climate effects on food security
are worse (Brown et al., 2015).

7. Conclusions
In the past few years, fragile food economies in countries that
experience El Niño-related droughts face substantial risks (Funk
et al., 2016); risks that could be moderated by better functioning
markets, international trade, and economic growth that raises
incomes in these vulnerable communities (OCHA, 2016). Efforts
to evaluate and model these outcomes through the lens of ‘double
exposure’ suggests that trade could play a critical role in ensuring
future food security for the widest number of people on the planet.
Trade can benefit agricultural producers and long-term food
security in low income countries by supporting producer income
through sales of surplus production, and by improving productivity
by providing lower-priced or more varied production inputs, such
as seed, fertilizer, pesticides, and machinery (Peterman et al.,
2014). Low income countries often lack the physical, financial,
and government infrastructure necessary for their farmers to compete with other producers around the world who have better
infrastructure and superior access to markets (Nkendah, 2010).
Fostering efficient and open markets and linking producers to them
is important for long-term food security, but also requires effective
government policies and support for small producers from actors
along the food chain (Reardon et al., 2003).
The rise of anti-establishment, populist parties in the United
States, the United Kingdom, and Europe who advocate anti-trade
policies that will restrict movement of labor, goods, or services
could threaten this progress (Burgoon, 2013). Protectionist policies
are attractive in an era of slowing growth since the benefits of
trade are diffuse while the costs are concentrated. The impact of
protectionist policies on the functioning of the global food system,
in the name of national security, political advantage or reducing
imperfect competition, should be considered carefully. The burden
of information necessary to evaluate the impact of trade interventions increases substantially when considering the added complexity of a changing climate in the agriculture sector (Krugman, 1987).
As the world seeks to maintain its food system in a changing climate while feeding more people who demand better, more nutritious food, trade policies should be pursued that reduce the
impact of double exposure on the global food insecure. The basic
arguments supporting trade enhancement and climate mitigation

are similar – but sometimes politically difficult – large diffuse benefits are obtained at the expense of concrete concentrated costs.
Since the 1950s, continuous market integration and economic
growth has helped dramatically increase global wealth and reduce
food insecurity. Our analysis of coupled models suggests that deviating from that trajectory will magnify the impact of climate
change on food security.
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