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Abstract. The rise in global trade has led to improvements in the standard of living and
lifted many out of poverty, but not all countries have been able to fully integrate into the
world trading system due to lack of resources. Access to food supplies is critical for those
with inadequate access to food for sustainable consumption. The evolving trade dynamics
and climate change will result in winners and losers for the global food system, with some
regions experiencing double exposure to economic and climate-related shocks and
stressors. Trade openness can significantly reduce vulnerabilities and enhance food
security, if necessary, infrastructure is in place. Although global trade can play a crucial
role in ensuring that the global food system adapts to a changing climate, this potential will
only be realized if trade is managed to maximize the benefits of broadened access to new
markets and minimize the risks of increased exposure to international competition and
market volatility. For regions like Africa, 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.
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1. Introduction
ise in global trade has been observed to be twice the rate of the global
economy since 1990's, thereby lifting majority of population out of
poverty, enhancing international competitiveness, expanding
industrial relations between the economies, and improving standard of
living (WTO, 2016; Aggarwal & Chakraborty, 2021, 2022). The world economy
has been shaped by the "threads" or phases of global integration - each one
driven by underlying changes in transport and communication technologies
that had reduced trade costs over the period of time, led to even wider and
deeper levels of connectivity among national economies, and required new
forms of trade cooperation, institutional reforms to consolidate and reinforce
these structural trends at the global level (Aggarwal, 2017a, 2017b; WTO, 2018).
Indeed, it is the critical interplay between technology-driven structural
change, on the one hand, and the ability of the world trading system to
manage these adjustments, on the other, which has largely determined the
impact of global integration on further trade expansion (Basu & Fernald, 2002;
Fisher, 2006; Aggarwal et al., 2021, 2022, 2023).
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Although progressive liberalization of world trade through, for example,
successive rounds of General Agreement on Tariffs and Trade (GATT)
negotiations, has created opportunities for developing countries to access
developed country markets more easily, however, many developing economies
have struggled to become fully integrated in the world trading system (Henson
& Loader, 2001; Aggarwal & Chakraborty, 2020a, 2020b, 2020c¢) due to lack of
resources to participate effectively in the institutions of the WTO, and thus
may be unable to exploit the opportunities provided by these agreements
(Aggarwal, 2020, 2023b, 2023¢). This urge of participation is particularly acute
amongst those groups that suffer inadequate access to food for sustainable
consumption, since availability of food supplies in a deficit area at the right
time may significantly help in reducing the local commodity prices. Over the
next decade, evolution of global trade will form the basis for food security
among hundreds of millions of people, particularly in the developing nations
(Aggarwal & Chakraborty, 2017, 2019).

The evolving trade dynamics witnesses the modifications in existing
vulnerabilities to climate change due to on-going processes of economic
globalization. In the contemporary analysis, it is believed that both of these
global processes, occurring simultaneously, will result in new sets of winners
and losers for the global food system. Winners are considered those countries,
regions or groups that are likely to benefit from the dual processes of climate
change or globalization, while losers are those that are disadvantaged by the
processes and likely to experience negative consequences by increasing
vulnerable people's 'double exposure' (O'Brien & Leichenko, 2000). By double
exposure, we refer to the fact that economic, climate-related shocks and
stressors act together to increase overall vulnerabilities of regions, sectors,
ecosystems and social groups. The present analysis advocates that if necessary
physical and institutional infrastructure are set forth in the respective
countries then trade openness can significantly reduce both individual and
institutional vulnerabilities by (i) enhancing future food security and (ii)
reducing climate change-induced food availability shocks in the ecosystem.

2. Food security and the food system

Food security exists when "all people, at all times, have physical and
economic access to sufficient safe and nutritious food that meets their dietary
needs and food preferences for an active and healthy life" (FAO, 1996). Food
security is almost always a matter of "access" instead of "availability".
Analyzing food security entails differentiating the concepts of food availability
and food accessibility. Availability refers to the physical presence of adequate
food supplies that depends on effective agricultural production. Accessibility,
on the other hand, refers to the ability of people within a particular country or
region to actually receive or gain access to the food. Broadly speaking, food
security is comprised of four main dimensions: physical food availability, food
access, food utilization, as well as the overall stability of the other three
dimensions over time. A household is considered food secure if it has the
ability to acquire the food needed by its members for attaining self-sufficiency
(Pinstrup-Andersen, 2009). Availability of food supplies is determined by the
size of market, costs of distribution channels and transport, amount of food
production, storage facilities for food stocks, and other logistical constraints
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such as risk of being undercut by other traders and surpluses available for
resale (Devereux, 1988).

Attainment of food security does not assure nutritional security. The extent
to which individual food security results in good nutrition depends on a set of
non-food factors such as climate, access to primary health care, better sanitary
conditions, and an individual’s ability to utilize food for body nourishment.
The food system involves a network of interactions between physical and
biological environments as food moves from production to consumption. For
instance, rising carbon dioxide can directly influence nutritional content of
foods, warmer temperature can result in greater food spoilage, and extreme
climate events can disrupt food distribution (Kim, 2016). Integrity to this food
security component relies heavily on the affordability of food products to
social groups that govern the allocation of available food within a society,
including intra-nation and intra-household. Affordability of food refers to the
price of a particular food and the relative price of substitute foods, which is
generally impacted by the budget constraints faced by consumers, who takes
into account the prices of different foods as well as the prices of other
necessities to meet their individual requirement (Ver Ploeg et al., 2009).

Finally, in the long run, stability of each pillar shapes food security
outcomes in an economy. Therefore, it is asserted that overall stability of these
pillars does not adversely affect food security status in the event of
unpredictable situations, such as extreme weather and political unrest (FAO,
2014). However, it has been argued that climate change, and especially
increased climate variability, is one of the greatest challenges to food security,
particularly via its effects on the livelihoods of low-income individuals and
communities, which have less capacity for adaption and depend on highly
climate-sensitive activities, such as agriculture, may affect food security by
introducing instabilities in one or more components (Vermeulen et al.,, 2012).

Access, availability, utilization and the stability of these three pillars take
shape in the context of the global food system. This system facilitates the
movement of food from producers to consumers. An access to global food
chain market helps to smooth out local price shocks and lower the cost of
production and transportation, facilitating greater mobilization and choice to
most people within this system (Baltzer, 2013).

3. Climate change

It is well noted that anthropogenic greenhouse gas emissions have
contributed to a change in the climate conditions, and that such trends will
continue in the future unless precautionary measures are adopted (Houghton
et al., 1998). There is a broad recognition that these changes will be associated
with both winners and losers, located in wide-ranging territories, it is quite
clear that magnitude of their distribution will be varied, reflecting the diversity
of climate change impacts. The physical and social impacts of climate change
are not considered to be unvarying for two reasons. First, global circulation
models project spatial differences in the magnitude and direction of climate
change. Second, even within a region experiencing the same characteristics of
climate change, the causal impacts are likely to vary because different
ecoystems, sectors or social groups may be more vulnerable to extreme
weather conditions than others.
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Appendini & Liverman (1994) emphasized that the most vulnerable people
may not be in most vulnerable habitats - for instance, poor people can live in
productive biophysical environments and be vulnerable, and wealthy people
can live in fragile physical environments and still reside relatively well
(Liverman, 1990). This analogy suggests that assessments of vulnerability
should not be limited to third world countries or countries with precarious
physical surroundings.

Climate change has affected major agricultural regions in the world. These
changes have multiple implications for the prevailing global food system. The
effect of global climate change on food production (and therefore availability)
is well-documented (Sivakumar, 2006; Challinor et al., 2007; Wang et al., 2009;
Rosenzweig et al., 2014). The effects of changes in climate on crop yields tend
to be gradual until a threshold is reached. As the planet warms, more regions
may experience yield stagnation and eventual declines, thereby affecting
overall food production adversely. Moreover, these risks even extend beyond
agricultural production to other elements of food systems - including storage,
processing and packaging - that are very likely to be affected by increase in
temperature. An example is stocking perishable food products in a cooling
environment to extend their shelf life requires vast storage capacity as well as
entails higher energy costs (Moretti et al., 2010; Vermeulen et al., 2012).

Logistic and packaging companies work in collaboration with farmers, who
seek to reduce food waste, to develop suitable packages that provide
ventilation and controlled temperature for their fresh produce. Further, the
recent usage of cosmetic preservatives in food products to enhance their
longevity may have far-reaching repercussions on public health (Schwensen
et al., 2015). Climate change not only poses challenges for optimum utilization
of food but also increases food safety risks throughout various stages of the
food supply chain (Jacxsens et al., 2010; Tirado, 2010; Verghese et al., 2015).

It is evident that climate change impacts the availability of food production
to the end consumers. There is no doubt that the price of a food is a crucial
factor in determining food access, it is hardly the only factor, and in some
cases, may not be the most important factor. It is often intriguing that market
interactions dictate which group has access to food and how the possibility of
food insecurity occurs even in places where prices are low or result in
distribution of food in circumstances where food prices spike (Bellemare,
2015).

Furthermore, rise in sea level and changing frequency of weather extremes
such as heat waves, drought and tornado may impede the movement of food
from places with surplus food stock to deficit areas. Such global impact may
shape the availability and utilization of food in particular places. Hence,
infrastructure results in local shortages and impacts the availability of food
products for the inhabitants.

3. Impact of international trade and environmental

changes on food security

Enhancing access to sufficient calories and nutritious food is crucial for
those who are most affected by climate change. Trade serves as a crucial
avenue to achieve this. The food system has undergone significant
developments in terms of technology, management practices, and
globalization, including international trade and market connectivity. These
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have led to the widespread diffusion of new technologies, as well as regional
agricultural specialization and intensification, resulting in adequate calorie
production to feed the entire population (Flynn et al.,, 2009; Garnett et al., 2013;
MacDonald et al, 2015; Aggarwal, 2023a).

Currently, and it seems likely for the upcoming future, the primary
challenge with food security lies in the equitable distribution of food across
nations, regions, and households, rather than inadequate food production at
a global scale. Transporting food to areas where it is required necessitates
physical transportation means, absence of trade impediments, and the
financial resources to procure sufficient nutrition. Trade serves as a crucial
factor driving economic growth, employment, and poverty reduction, and is
often instrumental in increasing food availability and stability. However, the
effects of trade on food security may vary based on different socio-economic
scenarios, such as those outlined by the shared socioeconomic pathways
(SSPs) developed by climate impact and vulnerability researchers. Under SSP1
and SSP5, where world markets are highly interconnected and trade flows
effortlessly between countries and regions, markets can effectively facilitate
the transfer of food from surplus areas to those experiencing deficits. Such
scenarios are likely to mitigate challenges associated with food availability
resulting from climate change (Lybbert & Sumner, 2012; Brown & Kshirsagar,
2015; Wiebe et al., 2015).

According to Wiebe et al. (2015), a world where the climate remains stable
under current conditions has higher price increases in high-emissions/low-
international-cooperation scenarios with restricted levels of global trade, as
opposed to low-emissions/high-international-cooperation scenarios with
moderate-to-high levels of global trade. In general, reduced trade results in
higher prices, which in turn increase the number of food-insecure people.

International trade can have both advantages and disadvantages for poor
and remote households, some of which are already evident, and some that may
become more significant as climate change continues. These include the
vulnerability of local food affordability to international price shocks, lack of
competitiveness in the global marketplace, and isolation due to inadequate
infrastructure. Although access to international markets provides
opportunities, it also introduces new sources of volatility in areas that would
otherwise not be affected by distant markets or climate stresses. The benefits
of international trade to low-income countries and agricultural exporters are
often evaluated at the national or regional level, but when analyzed at lower
spatial scales, the impact can be more complex. For instance, the 2008 global
food price hike led to a sharp increase in food costs in Burkina Faso, despite
above-average domestic agricultural production that year (FAO, 2016).
Addressing these downsides of trade is crucial to ensure the long-term
sustainability of the national and global food system, and it is essential for
donors and states to take necessary measures.

Although international trade can provide countries with access to food in
a general sense, it cannot on its own improve food availability within isolated
communities, address the needs of socially marginalized and poor people, or
solve health problems associated with inadequate food utilization (Handa &
Mlay, 2006). Due to inadequate infrastructure in many foods’ insecure African
nations, there is little to no formal trade between land-locked countries in
North-central Africa and the more developed regions in the East and South.
High transport costs lead to higher local producer prices and reduce
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competition from cheaper imports, resulting in restricted access to food for
the most vulnerable households (Lee et al., 2012).

It is important to approach these concerns with caution. The world rice
price tripled in just four months during the 2008 food price crisis, primarily
due to export restrictions imposed by major rice-exporting countries
(Anderson et al., 2014; Bellemare, 2014; Aggarwal, 2016). While restricting
trade (import or export) may provide short-term protection from regional and
global economic shocks, it can have long-term consequences. When trade is
restricted, producers are unable to adjust production effectively, resulting in
higher prices, reduced uptake of technology, and difficulty in adapting to
changes. Moreover, food security can be further exacerbated by the effects of
climate change (Brown et al., 2015).

4. Conclusion

Productive policies that address future food security require evaluation of
food security outcomes, which is the product of linked economic and
environmental changes now as well as in the future. When considering food
security as the outcome of double exposure, different parameters need to be
explored apart from climatic variables such as temperature and rainfall. Some
future societies and economies may be more vulnerable to associated climate
change than others, while in the coming decades, it might be presumed that
some societal changes are likely to be more influential for food security
outcomes than climate. These include population growth, change in income
structure, change in tastes and preferences, and the affordability of food, that
will largely determine the individual's ability to purchase and consume food.

Efficient and open markets supported by trade can enhance agricultural
producer income and long-term food security in low-income countries. By
selling surplus production, producers can benefit from trade while also
improving productivity through the provision of lower-priced or more diverse
production inputs such as seed, fertilizer, pesticides, and machinery. However,
farmers in low-income countries often lack the physical, financial, and
government infrastructure required to compete with producers in other
countries who have better infrastructure and superior access to markets.
Therefore, supporting small producers and effective government policies
along the food chain is essential for linking producers to efficient and open
markets, which is crucial for long-term food security.
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