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EXECUTIVE SUMMARY

This paper provides an analysis of how current
and projected climate change risks are affecting
production and trade by the major cereal producers,
exporters and importers in international markets. We
focus on maize (corn), rice and wheat, which together
account for the largest share of global food staples
and over 60% of global food calories. Climate scien-
tists hold divergent views on the exact impact of
climate change on factors such as warming tempera-
tures, rainfall, production patterns and crop vyields.
Yet, current trends in warming and changing rainfall
patterns are detrimental to the tropical and subtrop-
ical areas of Africa, the Middle East, South Asia and
Southeast Asia, and advantageous to countries, such
as Canada, Finland, Ireland and Russia.! With cereals
production, there are mixed views on the impact of
climate change for major producers, such as the
United States. Notable trends are as follows:

B A review of climate studies, including the United
Nations Intergovernmental Panel on Climate
Change’s (IPCC) Sixth Assessment Report (ARG),
reveals climate-related disruptions for cereals
production in all regions, subject to variations.

B Production from rain-fed agriculture in regions,
such as Sub-Saharan Africa (accounting for 95%
of the region’s farmland) and the Southern Cone
of Latin America, is expected to decline due to
seasonal water stress. Decreased production
could be mitigated partially through improved
water governance, as well as diversified cropping

systems.

The effects of climate change are occurring
sooner than initially projected in regions such as
Africa, Asia and Oceania, as evidenced by recur-
ring droughts and flooding.

Rice production is particularly vulnerable to climate
change, and in the long run, wheat will also experi-
ence declines, forcing the relocation of production
to higher elevation or the farming of alternative
crops.

The top 3-5 exporting nations of wheat, rice and
maize dominate world markets. In 2022, the top
three exporting countries accounted for 64% of
maize volumes, 57% of rice and 45% of wheat.?
There is greater diversity among cereal importing
countries.

Concentration in production and exports poses
risks of price volatility and supply disruptions due
to climate change and anthropogenic challenges.
Overreliance on three cereal grains for calories
also presents nutritional challenges. Instead, food
policy and trade should support dietary diversity.?

Globally, an estimated 37% of harvested major
crops is used for domestic food crops. The
remainder goes to exports, processing, industry
or other uses. Although croplands are expanding
and yields are increasing overall, the proportion of
direct food crops lags.
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We offer five key takeaways that should guide
national policymaking and international coopera-
tion in support of more resilient food systems:

1. Improving domestic and regional food produc-
tion is a critical risk-mitigation measure for
food importers to improve food security.
Almost 20% of global calories consumed are
provided by food trade. Major food importers,
such as China, Egypt, Ethiopia and Nigeria, have
made strides in strengthening their domestic food
production.® More localized food production and
regional sourcing creates shorter value chains
and reduces some, though not all, risks of supply
disruption. It also reduces greenhouse gas (GHG)
emissions related to transportation and preserva-
tion of food over long distances.

2. Reducing food loss and food waste is critical
to tackling climate change and food insecu-
rity, as well as for more sustainable use of
natural resources. Currently, we produce more
than enough food to feed the world’s popula-
tion. However, about 14% of global food produc-
tion (valued at USD400 billion per year) is lost
post-harvest before being sold while another 17%
of food is wasted during the retail process and
by consumers. Food loss and waste also account
for between 8-10% of global GHGs. Investments
in policy, industry, on-farm and infrastructure
interventions are critical to address food loss and
food waste. These interventions include improved
supply management, harvest, post-harvest and
food handling systems, recycling and modified
consumer behavior.
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3. Countries should explore agroecological strat-

egies that identify high-yield, biodiverse and
low-emission pathways for specific agricultural
production systems. To enhance productivity,
countries have turned to biotechnology solutions
using climate-adapted cereal varieties with resis-
tance to pests and drought. Genetically modified
(GM) maize now accounts for nearly 30% of global
production. The genetically engineered seeds now
most used pose potential human and environ-
mental health risks and exacerbate biodiversity
loss.® In an era of increasingly unstable weather
patterns and brittle supply chains, uniformity (both
in crops and input suppliers) could create new risks.
Instead, we argue for agroecological responses
tailored to specific situations that also reduce
input costs while increasing yields are needed.

. Country-level policy should incentivize a

climate-adapted and healthy diet-based food
system towards 2050 in line with the United
Nations Food and Agriculture Organization’s
(FAO) recommendations.® This requires food
systems that are future-looking with nutrition,
farmer livelihoods and the environment as the
drivers of food production and consumption.
We advocate for a shift to food production and
consumption that is healthy and nutritional and
includes fruits, vegetables, pulses and some indig-
enous cereals, such as millet and sorghum.

. At country and regional levels, food system

reforms should be informed by country and
crop-specific studies that examine links between
climate variables and staple food production in
specific locations.



Addressing climate change risks in import dependent and major food
producing countries: An analysis of cereals production and trade flows

1. INTRODUCTION

Global food security seeks to achieve transformative
changes in food production and global food trade to
ensure resilient and sustainable food supply.” In this
paper, we examine the risks presented by climate
change to food security and agriculture trade flows,
with a focus on maize, rice and wheat® The paper
comes at a crucial time, as the U.N. World Meteorolog-
ical Organization (WMO) declared 2023 as the hottest
year on record in the past 150 years with global mean
temperatures 143°C above pre-industrial levels.®
The paper discusses the ramifications of a warming
climate and other weather impacts on production and
international trade flows for major cereal producers,
as well as the implications of any production changes
for major net food-importing countries, especially
low-income countries®© We highlight climate risk
mitigation strategies for the production and trade of
cereals and argue for a transition to agroecology. Inte-
grated, cross-sectoral approaches like agroecology
are critical in the just transition process, reducing
the environmental footprint of agriculture to promote
healthy ecosystems that ensure food and nutrition
security for all.

Agricultural trade policies are hotly contested, at
the World Trade Organization (WTO) and elsewhere.
This paper does not address those policies, nor does
it address the role of corporate power in shaping
trade outcomes and the existing agriculture market
structures, which are dominated by a concerning
trend of increasing corporate concentration by global
agribusiness. Instead, we take a step back to survey
how production and trade flows are changing under
climate change and the implications for food security.
To address and mitigate climate risks, we advocate for
a just and green transition that supports agroecology,
which addresses the problems of the food system from
field to plate and the impacts on the natural resource
base on which food systems depend, both now and
in the future! Addressing climate risk in agriculture
trade should help transition away from the current
industrialized system of agriculture production that is
extractive and exploitative, and instead, put the well-
being of people — producers, workers and end users
of crops and products — and the planet at its center.

2. CEREALS ARE CRITICAL FOR GLOBAL FOOD SECURITY, BUT
RELIANCE ON FEWER CROPS HAS INCREASED VULNERABILITY

Maize, rice and wheat together provide the largest
number of calories and nutrients to humans, accounting
for as much as 50% of the population’s diet in some
regions.? From 2000-20, cereals were the most
important contributor to human diet in all regions,
with shares ranging from 24% in Oceania to 50% or
more in regions, such as Africa and Asia (Figure 1)
These three cereal crops also cover more cultivated
area than other crops. A recent analysis shows that
only 37% of the harvested area of major crops is used
for direct food consumption.* The balance is directed
towards exports, animal feed, biofuels, industry uses
such as textiles and pharmaceuticals, processing into
products such as soap or alcohol, and seed production.
The global harvested area of primary crops increased
by 22% between 2000 and 2020 to 1.4 billion hect-
ares.® Out of this, cereals accounted for more than
half the world’s harvested area. An increase in
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cropland comes at the expense of carbon-rich forests
and other natural ecosystems.

It is estimated that by 2050 the global population
will grow to about 9.8 billion people. The challenge
confronting us today is not a lack of food, as the
world produces enough food to feed 10 billion people,
but rather distribution and access to food or afford-
ability, especially in Low-Income Food-Deficit Coun-
tries (LIFDC)!® As illustrated in this paper, global food
consumption tends to rely on a handful of crops.
Global food markets are also dominated by a handful
of major producers and exporters, which increases the
vulnerability of the food system to sudden disruptions
from both natural (climate) and human-made shocks.
In addition, due to climate, poor policies, poverty and
other reasons, some regions struggle to achieve food
security and self-sufficiency. Across the global food
system, there is also a problem of food waste and



Figure 1: Dietary energy supply by region and commodity group (2000-2020)

Source: FAO. World Food and Agriculture Statistical Yearbook. Rorme, 2022

food loss that results in reduced food supply avail-
able on the market and underconsumption of avail-
able food. We note limited diversity in food supply is
complicated by inadequate supply chains and dietary
shifts that reduce the amount of healthy, affordable
foods available to consumers.

In food systems, FAO estimates that 30-40% of total
production is lost before it reaches the market, due
to challenges such as improper use of inputs, inad-
equate proper post-harvest storage, processing or
transportation facilities!” These losses can be as
high as 40-50% for root crops, fruits and vegetables,
30% for cereals and fish, and 20% for oilseeds. Food
losses and waste within the food system are not the
same for rich and poor countries. In poor countries,
most food loss occurs at the beginning of the food
chain, often in the field due to poor harvesting or as
a result of poor storage and transport facilities (made
worse by increasing warm temperatures)’® In indus-
trialized countries, the losses occur toward the end of
the food chain, where food is wasted in wholesaling,
retailing and by consumers, who tend to throw away
a significant amount of food. Global food trade plays
a role in food loss and food waste as food must travel
long distances to markets. Consequently, we argue
for stronger local food systems and consumption of
traditional foods.
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In Sub-Saharan Africa (SSA), as much as 35% of food
is lost.!® Diets heavy in cereal-based calories (including
many imported cereals such as rice, maize and wheat)
are nutrient deficient in other respects, which nega-
tively impacts human health and development. For
example, SSA currently has high cereal-based calo-
ries and the lowest percentage of calories supplied
per capita from protein-rich animal-source foods
(8.2%) globally.?® Traditional diets in regions such as
SSA were largely plant-based, emphasizing fruits and
vegetables, legumes, wild cereals, roots and tubers,
supplemented with fish, insects, dairy and meat. Diets
shifted dramatically with the advent of colonialism and
the introduction of maize in the 1500s, which subse-
quently emerged as the dominant staple throughout
SSA. In recent times, growing rates of urbanization,
rising incomes and globalization of food have resulted
in increased consumption of obesogenic processed
foods and refined carbohydrates. These foods have
replaced traditional and more nutrient-rich foods even
in developed nations and brought with them more
incidences of health issues, such as obesity and other
non-communicable diseases.



3. CLIMATE CHANGE THREATENS FOOD SECURITY AND
IMPACTS GLOBAL PRODUCTION AND TRADE IN CEREALS

According to the Intergovernmental Panel on Climate
Change (IPCC), “climate change” describes a change
in the state of the climate, involving shifts in metro-
logical parameters, such as temperature and rainfall,
due to natural variability or human activity, that can
be identified (e.g, using statistical tests) by changes in
the mean and/or the variability of its properties and
that persists for an extended period, typically decades
or longer. Agriculture’s key factors, such as land
(including soil), water and other natural resources (e.g.,
biodiversity), are all sensitive to weather and climate.?'
In recent years, the duration and intensity of droughts
and heat stress have increased, reducing agricultural
water reserves fivefold.?2 Changes such as tempera-
ture rises, erratic precipitation and fewer frosts could
lengthen or shorten growing seasons, cause variable
planting times, allow (or limit) different crops to be
grown in some regions and affect how many crops
can be produced per year.

Climate change is one of the major threats to food
security and to global objectives to end hunger and
malnutrition by 2030, as outlined in the U.N. Agenda
for Sustainable Development.?® The threat calls for
greater focus on adaptation and risk mitigation to
maintain consistent food supply.?* Food systems also
contribute roughly one-third of global GHG emissions,
with two-thirds of that stemming from agricultural
production, including meat production, and forestry.
The World Food Programme declared 2022 the year
of “unprecedented hunger” with estimates that 828
million people are hungry.?®

While establishing a solid base of national and regional
production is imperative, food trade is also critical to
national food security strategies, helping overcome
shortfalls in local production and broaden the range of
foods available to consumers. At the same time, over-
reliance on global food trade exposes food importers
to climate and human-made risks, including dumping,
price volatility and supply disruptions due to conflict,
for example, the war in the Ukraine.?’
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3.1 Climate change effects on food
production are occurring sooner than
projected, creating uncertainty around
supplies and future food security even
among food producing regions

Over the foreseeable future, the repercussions of
climate change will lead to an overall decline in crop
yields globally if producers continue to grow current
crops under status quo conditions. In 2021, scientists
described recent global yield projections as “a funda-
mental shift compared to crop yield projections from
the previous iteration of climate and crop models
conducted in 201428 Globally, the negative impacts
of climate change are uneven, especially within food
producing countries and regions with vast land areas,
such as the US, Africa, Russia and China. There are
also variations across different cereals.?® New insights
are constantly emerging that require policy discussions
among climate and agriculture scientists, farmers,
rural communities and policymakers on climate adap-
tation and risk mitigation to enhance food security.3®
Developing reimagined food policies requires ongoing
country and crop-specific studies that examine links
between climate variables and staple food production
in specific locations.®' We highlight findings on the
impact of climate change on cereals production from
different scientific studies below.

Climate studies suggest that changes in agriculture
production (both increases and decreases in output)
consistently occur earlier in the new projections than
previously expected for several main producing regions
before 2040. This heightens our call for urgent action
on a transition in agriculture. A 2021 National Aero-
nautics and Space Administration (NASA) study found
that (subject to regional variations) global maize yields
are projected to decline 24%, while wheat could poten-
tially see initial growth of about 17%.32 Another study
combines trade and climate impact data to investigate
the long-term (2070-99) potential impact of climate
change on global food trade of wheat, rice and maize.*3
The study draws from a variety of climate studies and
use a simple network model that highlights the isolated
climate-induced cause and effect without adding more
complex assumptions. The study analyzes inter alia: (i)
whether climate change impacts could disrupt concen-
tration of global cereal production; (i) how countries



might shift their food trade positions in response to
climate impacts; and (iii) climate-induced changes in
both producing and importing countries. The model
looks at present-day and climate-projected trade
flows for each crop. The analysis finds that climate
change impacts both increase and decrease produc-
tion, which changes export-import flows by the same
percentage. Climate-projected trade flows are calcu-
lated by multiplying climate change impact data (%)
with current export data (tons)! Changes in export-im-
port flows can result in shifting the structure of trade
networks, given that larger volumes of exports and
imports point to more concentrated trade. The study
finds that, compared to present day, the stability of
food trade relationships after 2070 differs between
crops, with maize trade the most affected by climate
change impacts. The results describe redistribution of
global climate risk and forecast that threats to global
food security might depend on changing production
patterns and resilience efforts across a handful of
major global producers, as well as the ability of major
importing countries to build resilience to mitigate
import loss. Thus, changes in cereal production due to
climate change may accelerate dependence on food
trade for some countries.

The impact of climate change on agriculture varies
with the latitude of targeted regions and the related
climate zones, which determine the most optimal
growing conditions for crops.?* At the same time, an
analysis of climate change from a global perspective
can generalize what are otherwise observed spatial
variations within a region or country.?®> The Képpen-
Geiger climate classification, one of the most widely
used systems, categorizes five climate groups (and 30
subtypes) based on rainfall and temperature (Figure
2), namely: Tropical climates, Dry climates, Temperate
and Continental climates (which overlap), and Polar
climates (Arctic and Antarctic regions). The classifica-
tion is used for ecological modeling or climate change
impact assessments.

In tropical (equatorial) regions located around the
equator, the weather is characterized by year-round
hot average temperatures, humidity and high monthly
precipitation, typically no less than 60 millimeters (2.4
inches) per month with annual precipitation ranging
over 2,000 millimeters (78.7 inches). The three types
of tropical climate are categorized as Tropical Rain-
forest or Equatorial, Tropical Monsoon and Tropical
Wet, and Dry or Savanna. Tropical climates generally

Figure 2: Simplified map of the world’s climate zones

Source: UK. Met Office. Available online at

https.//www.metoffice.gov.uk/weather/climate/climate-explained/climate-zones

i Note in this report we refer to both “tons/tonnes” and “metric tons” (MT) depending on the reporting source given that
different countries and international organizations use different units of mass for measurerment. A metric tonne (MT) is the more
widely used term worldwide. Guidance from the FAO states, “In general, use ‘tonnes’ (equal to 1000 kg), not ‘tons’ (2,240 Ibs or ap-
proximately 1,016 kg). A ‘tonne’ is sometimes referred to in the United States of America as a ‘metric ton’, but always use the word
‘tonn.” Source: FAO Terminology Portal, https://www.fac.org/facterm/viewentry/en/?entryld=42157 (Accessed July 30, 2024).
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experience significant precipitation, and Tropical Wet
and Dry and Tropical Monsoon climates experience
seasonal shifts in rain patterns. By contrast, north
and south temperate zones (which are broadly similar
to the Continental climate zones mostly found in
Eurasia and North America) are mild temperature
areas located between the subtropical and the polar
regions. Temperatures in a temperate zone vary
greatly between the summer and winter seasons,
with the coldest months averaging between 0°C and
18°C (between 32°F and 64.4°F).

Some climate scientists agree that present trends in
warming and changing rainfall patterns would be detri-
mental to the tropical and subtropical areas of Africa,
the Middle East, South Asia, and Southeast Asia and
advantageous to countries including Canada, Finland,
Ireland and Russia.® Specifically on cereals produc-
tion, scientists hold mixed opinions on the impact of
climate change on major producers, such as the US.
Some scientists conclude that it will be beneficial, and
others conclude that it is detrimental. 3 Given projec-
tions that tropical and subtropical regions will likely be
affected to the greatest extent by climate change, it
is important to examine the impact of climate change
on agriculture in major producing countries and its
implications for future food security.

The distribution of Képpen-Geiger climate zones is
projected to shift with increased warming.®® Since the
1950s, an estimated 5.7% of the land area has shifted
its climate zone classification with estimates that
9-13% of land area might shift climate zones by the
end of the century due to increased GHG emissions
impacting 14-21% of the global population.®®* Notably,
the dry arid zone is expanding while the polar zone is
contracting; however, changes appear less pronounced
for the tropical, temperate and boreal zones.*® Future
changes concerning the temperate and boreal zones
will be determined by the extent of climate change.
The shifting climate zones are expected to produce
different outcomes for both people (especially densely
populated areas with large populations) and agricul-
ture. For example, densely populated Central Europe,
which relies on intensive agriculture, is expected to
experience strong impacts.

To ensure tailored climate risk responses, we urge both
global and in-depth country case studies that examine
the extent of climatic zone change and the impacts
of climate change on specific growing subregions. For
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example, the US. is the world's leading producer of
maize (almost exclusively yellow maize). About 43.5%
of US. maize output is used for animal feed, 44.4%
for biofuels (ethanol), and 12% for food, seed and other
industrial uses.* The Southeastern U.S. covers at least
11 states and produces a diverse range of crops. Maize
and soy production are significant to the regional
economy. However, given its geographical location
relative to the Gulf of Mexico and the Atlantic Ocean,
the region is highly susceptible to extreme weather
and climate-related occurrences, such as rising sea
levels, hurricanes/storms, heat waves and extended
dry spells.*?> Researchers contend that these extreme
weather events occur more frequently in the South-
east U.S. than in other regions of the country.** More-
over, the region faces growing water challenges due to
stress on groundwater and seasonal water scarcity,
which are expected to worsen by 2050, affecting agri-
cultural production.

A study on the impact of recent climate change
on maize, rice and wheat in the southeastern U.S,
building on several climate assessments and a panel
data set on climate variation (temperature, rainfall
and crop Yyields), looked at the period 1980-2020 and
found that, overall, climate change in the Southeast
U.S. had a marginal effect on wheat yield, but a 1°C
(33.8°F) rise in temperature and increased rainfall
resulted in increased maize yield by 13% and rice
yield by 14.10%.“4 Changing the variable of rainfall
significantly reduced wheat yields but had minimal
effect on maize and rice yields. With rising tempera-
tures and rainfall variations, these increases will not
be sustained in the long run. Moreover, expanded
maize production, especially for biofuels and animal
feed, is not desirable given the negative environmental
impact and underlying incentives for maize production
in some major producer nations, which distort planting
decisions, induce overproduction, and drive the exces-
sive use of fertilizers that degrade soil and water and
harm human health.#®

Improving agricultural productivity is often viewed as
a means to increase global food security. However,
climate change and IATP’s own critique challenges
the sustainability of promoting intensive agricultural
productivity, especially where it involves intensification
through industrialized agriculture, heavy use of fertil-
izer and poorly managed irrigation. These practices
have resulted in declining soil health and biodiversity



over time. A recent study by the NASA“ based on
21st-century projections and using the latest-gen-
eration crop and climate simulation models identi-
fied substantial climate impacts on all major crops
coupled with substantial associated uncertainties.?”
The study found declining yield responses for maize,
soybean and rice due to GHG emissions and warming
temperatures. It found that the average global crop
yields for maize could decrease by 24% by late century,
with declines becoming apparent as early as 2030.
The bulk of global maize production is yellow maize.
However, developing countries, especially in Africa and
Central America, produce and consume over 90% of
the white maize produced globally. In contrast, wheat
shows stronger gains and a rise in crop yields of about
17%. This change in yields is due to the projected
increases in temperature, shifts in rainfall patterns
and elevated surface carbon dioxide concentrations
due to human-caused GHG emissions, making it more
difficult to grow maize in the tropics and expanding
the growing range of wheat. The study concludes
that “wheat results are more optimistic, while maize,
soybean and rice results are decisively more pessimis-
tic™® As stated earlier, there is disagreement among
crop models, which offer diverging views about the
levels of change to be expected in cereal productivity
and vyields due to climate change at the global level.
Ultimately, even where there are gains in production,
these gains are short term and unsustainable due to
ongoing changes in temperature and rainfall patterns.

The study further highlights that new projections
consistently demonstrate climate impacts emerging
before 2040 for several main producing regions.*®
According to the authors, “While future yield esti-
mates remain uncertain, these results suggest that
major breadbasket regions will face distinct anthropo-
genic climatic risks sooner than previously anticipat-
ed.”®*° Production from rain-fed agriculture in regions
such as Sub-Saharan Africa and the Southern Cone of
Latin America is expected to decline due to seasonal
water stress. This can be partially mitigated through
improved water governance, as well as diversified
cropping systems.

The reliance on intensive production of a few
cereals to meet food security needs is becoming
increasingly risky when set against near and medi-
um-term projections of significant changes in global
crop productivity due to climate change® These
changes will occur decades earlier than previously
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forecast and place heightened urgency on the impor-
tance of food system adaptation and risk manage-
ment for the present and coming decades. IATP
continues to argue for shifting food systems away
from harmful intensive industrial animal agriculture
to more climate-resilient systems of agroecological
food production. Because production of cereals, dairy
and livestock are also major sources of emissions
and climate change, we recommend changes in food
consumption in line with the International EAT-Lancet
Commission on Food, Planet, Health Report. Such
dietary changes would help reduce reliance on and
consumption of cereal staples, as well as the emis-
sions and environmental impacts of producing these
foods.

3.2 Observations on risk and mitigation from
the IPCC's Sixth Assessment Report (AR6)

The IPCC ARG identifies negative consequences of
long-term climate change on crop yields for some
regions, such as declining wheat yields in Europe (with
medium confidence), while it states that studies on
other regions remain inconsistent.>2 The ARG confirms
that the global supply of agricultural products is
concentrated across a few breadbasket regions, such
as South America, which have the greatest potential
to increase the distribution of food supplies to more
densely populated regions in Asia, the Middle East
and Europe. However, increased production should not
come at the expense of deforestation or increased
emissions. The report further notes that increased
atmospheric concentrations of carbon dioxide
reduce the nutritional quality of wheat, rice and
other major crops, potentially affecting millions of
consumers. Climate adaptation would require the
relocation of farming operations to different provinces
or higher elevations to produce specific crops or a
switch to new farming systems. Countries that are
impacted severely and will require substantial adap-
tive transformation include China, India, Myanmar
and the Philippines. Research suggests that by 2030,
at least seven provinces in the east and northeast of
China will undergo a more than 50% reduction in suit-
ability for maize production, while two northern states
in India should expect a 70% drop in suitability. More
climate-resilient alternatives, such as cassava and
sweet potato, could become essential to food security
in these regions.



Around the world, various sectors, including agricul-
ture, have made progress in developing risk manage-
ment and adaptation responses. In examining the
limits of risk mitigation, an assessment of Small Island
Developing States (SIDS) highlighted that financial
constraints, institutional challenges and poor resource
endowments were key inhibitors to adaptation for a
range of climate impacts.>® For SIDS and arid regions
like the Middle East, Sahel and the Horn of Africa,
the limits of geography may constrain the scope for
scaling up domestic food production. These regions
will continue to depend on food imports for the fore-
seeable future.

With temperature increases between 1.5°C and 2°C,
research referenced in the ARG report projected
sharp regional declines in yield of wheat and maize
in Africa, especially for countries including Ethiopia,
which is Africa’s second most populous nation with an
estimated population of 118 million people. Although it
is an agrarian economy with considerable agricultural
potential, Ethiopia is a net food importer, importing
USD3.4 billion worth of food in 2021-22, which includes
cereal grain imports of USD2.2 billion, an increase of
63% on the previous year.>* Some reports cited by the
ARG examined “hotspots” of multisectoral risks with
1.5°C and especially 2°C warming. West Africa, South-
east Asia and Central and northern South America
are projected to experience reductions in crop yield, in
large part due to shifts in water availability.

3.3 Intensive cereals production is problematic
as a major source of emissions contributing
to climate change

The share of emissions from agricultural food systems
in total global emissions, including from related defor-
estation and land use, transport and packaging, and
fertilizer use, ranges from 25% to 30%.%° Increased
agriculture production to meet demand from popula-
tion growth is projected to increase GHG emissions
around 30% by 2050.%¢ Asian and African countries
— the fastest growing population centers — will
account for most of this increase in demand in a busi-
ness as usual scenario involving the increased use
of synthetic fertilizers. To use rice as an illustrative
example, the International Rice Research Institute
notes that rice production is both a victim of and a
contributor to climate change.®” Traditional cultivation
methods that involve flooding paddy fields and burning
rice straw in open fields contribute about 10% of global
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anthropogenic methane emissions. Synthetic fertil-
izers are a leading and among the fastest growing
contributors to emissions in agriculture dominated by
nitrogen (N) emissions, such as ammonia, nitric oxide
and nitrous oxide.>® Urea (which supplies 46% nitrogen)
is a top-dressing fertilizer that is widely applied to rice
crops.®®

Chemical/synthetic fertilizer use must be reduced
significantly to meet climate targets. Some scientists
and civil society organizations, including IATP, advocate
for a shift to natural fertilizers derived from organic
sources, such as animal manure, compost or plant
residues.®® This shift would involve exploring ways to
reduce the amount of nutrients lost by optimizing fertil-
izer application and management (such as improving
nitrogen-use efficiency), as well as ways for recovering
and recycling lost nutrients from waste. Fertilizer use
varies widely globally, depending on the types of crops
grown, soil quality and various other factors. In the
U.S, close to half of fertilizer applied is used on maize
fields.?' Similarly, China is a major cereal producer, and
agriculture is the nation’s third-largest contributor of
GHG after energy and industry.®2 Chinese farmers use
an average of 305 kilograms of nitrogen per hectare
per year — more than four times the global average —
mainly to produce rice, wheat and maize.*®> Arguments
explaining China’s fertilizer overuse suggest that the
country’s soils are not particularly fertile and require
extra nutrients.®4 Recognizing that high fertilizer use is
unsustainable and presents major environmental and
human health challenges, the Chinese government
announced policies to reduce chemical fertilizer use
with mixed results. There remains scope for nitrate
surpluses to be reduced by more than 50% and
phosphate surpluses even by more than 75% without
affecting the country’s food self-sufficiency.®®

In the US, agriculture intensification over the past
40 years to boost productivity has led to the use of
over 5.6 million tons of nitrogen through chemical
fertilizers for maize annually, together with close to
1 million tons of nitrogen from manure. A significant
amount of this fertilizer, together with eroded sail,
washes into the country’s water bodies and coastal
oceans, resulting in water pollution and damage to
ecosystems. A major example is the dead zone in the
Gulf of Mexico.?® Rains and melting snows wash nutri-
ents such as nitrogen and phosphorus from farmland,
sewage treatment plants and other sources along the
Mississippi River, its tributaries and floodplains (an



interconnected system). This system drains 41% of the
U.S. and carries the nutrients into the Gulf of Mexico,
causing the dead zone, an area roughly the size of
Delaware. This has spawned blooming algae (known
as eutrophication) that chokes oxygen and sunlight in
the water, destroying biodiversity and impacting the
Gulf’'s tourism and seafood industry, which represents
over 40% of U.S. seafood, second only to Alaska.

Climate change will negatively impact the production
of cereals with regional variation, from China to the
U.S. This calls for country-level analysis, especially
for major producers and major importers that are
pursuing import substitution pathways.

4. CEREALS PRODUCTION AND TRADE —
UNDERSTANDING TRENDS AND CLIMATE RISKS

In this section, we discuss briefly general production
and trade flows for cereals, highlighting recent trends
that show relatively high levels of concentration in
cereals production and exports among a handful of
major producers. The trend in climate change elevates
the risk of production and trade fluctuations, in turn
threatening food security. Food trade plays a vital role
in providing food security, especially for net food-im-
porting countries. Two-thirds of the 152 developing
countries are net food importers. This includes some
Low-Income Food Deficit Countries (LIFDC). The WTO
classifies all 46 Least Developed Countries (LDCs)
as net food-importing developing countries. Some
two-fifths of developing countries are net agriculture
exporters, including 33 low-income countries. There-
fore, there is scope for increased food trade within
the Global South. Research demonstrates that global
climate change will have an impact on production

yields with food security and economic implications
for agriculture-dependent regions and net food
importers.®”

Cereals are far and away the most traded agricultural
commodity group, with exports reaching a record high
of 492 million tons in 2020, an increase of 231 million
tons compared to 2000. Three crops accounted for
90% of the total cereals export value in 2020, namely,
wheat (38%, at USD45 billion), maize (31%, at USD37
billion) and rice (22%, at USD26 billion) 8 Four crops
account for half of global production volumes of
primary crops in 2020, namely, sugar cane (20% of the
total, with 1.9 billion tons), maize (12%, with 1.2 billion
tons), rice and wheat (8%, with 0.8 billion tons each).
Production is also dominated by a handful of countries
(Figure 3).°°

Figure 3: Net trade in cereals by region (million metric tons)
Note: Europe includes the Russia, Ukraine and Kazakhstan

Source: OECD/FAQO. 2021. OECD-FAO Agricultural Outlook OECD Agriculture statistics (database)

http://dx.doi.org/10.1787/agr-outl-data-en
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Globally, about 17% of cereal production by volume is
traded internationally. Shares for single commodities
range from 9% for rice, 15% for maize and 25% for
wheat.”® The share for total cereals trade is projected
to grow to 18% by 2030 and reach 542 million metric
tons (MT). Volumes of net cereal surplus and deficits
exhibit regional patterns (Figure 4), which differ for indi-
vidual commodities. For example, Asian countries boast
a greater surplus in rice, while Latin America exports
larger shares of maize but imports more wheat. Rice
production across South and Southeast Asia (where
90% of the world’s rice is produced and consumed)
was affected by warmer and drier conditions due to
El Nifio in the 2022/23 season. Previous El Nifios have
caused extreme weather, ranging from drought to
floods, and a strong El Nifio typically involves reduced
rainfall, which is a major challenge for water-intensive
rice cultivation. On the back of tight supply coupled
with export bans imposed by India, the world’s largest
rice producer, in July 2023, rice prices surged to their
highest in almost 12 years.”" In terms of wheat, Russia
overtook the European Union in 2016 as the leading
wheat exporter and is expected to increase its output
and account for 22% of global exports by 2030.
Despite a declining share, the US. will remain the
leading exporter of maize, followed by Brazil, Ukraine,
Argentina and Russia. The EU, Australia and the Black

Sea region are forecast to remain leading exporters of
other coarse grains. India, Vietnam and Thailand are
expected to remain the major global rice exporters,
though the role of Cambodia and Myanmar in global
rice trade is growing.”?

The value of global food exports increased 370% from
USD380 billion in 2000 to USD1.42 trillion in 2020.73
Two regions stand out (Figure 4). The Americas were
the biggest net exporter with a surplus of USD121
billion in 2020, and Asia was the biggest net importer
with a USD197 billion food deficit in 2020.74 The U.S.
became a net food importer for the first time in 2023.
Agriculture imports grew from a record USD194 billion
in 2022 to USD198.3 billion in 2023, while exports
grew from USD174.8 billion to USD195.8 in the same
period.”® Horticultural products account for the largest
share of agriculture food imports at USD99.9 billion in
FY 2023, with fruits, vegetables and tree nuts making
up nearly 50% of this category. The rest consists of
other horticultural products, distilled spirits, wine and
beer, followed by miscellaneous horticultural products,
such as processed foods and ingredients, as well as
essential oils and cut flowers. Mexico, Canada and
the E.U remained the leading suppliers of agricultural
products to the US.

Figure 4: Food net trade by region, USD billions (2000-20)

Source: FAQ. Statistical Yearbook 2022.
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Oceania continued to be a net-exporter of food from
2000-20, led by Australia and New Zealand, while
Africa remained a net importer, although having
significant potential for improved food self-sufficiency
(Figure 4). Europe was a net food importer across most
of the period but became a net exporter in 2013, over-
taking Oceania in 2020. Both Africa and Asia’s food
deficit grew between 2000 and 2020. Note that these
values exclude intraregional trade. For example, Asia’s
values only reflect Asian countries’ imports from and
exports to countries outside the region.

Wheat was the most exported cereal (40%) in 2020,
marginally in front of maize (39%) and rice (9%). In
terms of growth, since 2000, maize, wheat and
rice each accounted for 10% of the total exports in
2000. However, maize production has grown three
times faster than wheat or rice in the last two
decades, overtaking rice in 2001 to become the
second most produced crop worldwide. Exports
of maize are rising much faster (+134%) than those of
rice (+95%) and wheat (+69%). On current trends, maize
is expected to surpass wheat as the most traded
cereal. Maize is grown in over 125 countries and is
among the three major cultivated crops in 75 of those

countries. It provides critical food security in devel-
oping regions, such as Africa, Asia and Latin America.
It is a more versatile and multiuse crop than wheat
or rice. In developed economies, maize is used mostly
for livestock feed, industrial uses and biofuels. Rising
global demand for maize is due to a rapidly growing
maize feed market in high population countries, such
as China and India, where rising incomes are spur-
ring consumption of dairy and meat products, as well
as increasing demand for maize as an industrial raw
material for uses such as biofuel. For each of the main
traded cereals, exports generally originate from a few
major producing countries, while imports are more
diversely spread. In 2020, the top three exporters
accounted for sizeable shares of the total exports:
64% for maize, 57% for rice and 45% for wheat (Figure
5). By comparison, the top three importers accounted
for 15-26% of the total imports for these commodities.
The major producers generally also feature among
the main exporters.

Over the next decade, cereal production is expected
to increase by 336 MT, due to increases in major
grain-producing countries.”® Over half of the global
production increase in wheat will come from India,

Figure 5: Major traded cereals, main importers and exporters (2020)

Source: FAO. Statistical Yearbook 2022 and FAOSTAT Analytical Brief 44 Trade of agricultural cormmodities

2000-20.
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Russia and Ukraine, while for maize, the U.S, China
and Brazil will account for more than half of the
expected production increase. China is unique as
both a major producer and consumer. China is
focused on intensifying domestic production, as well
as imports from countries including Brazil to meet
domestic demand. Hence, China’s share of exports is
small relative to its production. It is also the largest
importer of rice, the country’s major staple. The US.
exports maize to about 60 countries including the
major markets of Mexico, Japan and China. In 2022
and 2023, these three markets accounted for 70%
of US maize exports.”” While China had emerged as
the largest market for U.S. maize in recent years, U.S.
exports to China (the biggest global importer of maize)
fell 70% from USD5.21 billion in 2022 to USD1.65 billion
in 2023, as Chinese demand shifted to Brazil. With
reduced exports to China, Mexico accounted for 40%
of US. maize exports in 2023 with an increase in
exports to Mexico from USD4.92 billion in 2022 to a
record USD5.38 billion in 2023.72 Moreover, drought
in the western plains of the U.S. and rising fertilizer
and fuel prices all contributed to an increase in US.
maize prices on the international market and led to a
decrease in area planted in 2022 of 3.4 million acres
compared to 2021. As weather-reduced crop yields
impacted the international competitiveness of US.
maize, new and competitive producers have emerged.
Chinese buyers have cancelled orders from the US,
while beginning to import maize from South Africa and
Brazil, partly due to China’s food import diversification
strategy in response to trade tensions with the US.

Mexico is a top 10 global producer of maize and a
major global consumer of maize. It is forecast to
produce about 274 million tons of maize in 2023-
24, slightly down from 27.6 million tons in 2022-23.7°
The country is home to about half the known genetic
diversity for maize in the Americas, which is critical
for future genetic improvement efforts to propa-
gate new environmentally resilient varieties. Mexico
imports about USD5 billon of U.S. maize annually and,
despite legal challenges from the US. that IATP and
others have strongly opposed, the country is moving
away from the genetically modified variety (at least
for human consumption), which is mostly imported
from the U.S2° Despite efforts to increase domestic
production, Mexico's maize imports are forecast to
climb to 18 million tons for 2023-24, an increase of 5%
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from the previous year, due to increased demand from
the starch and animal feed sectors.® Thus, various
factors are influencing maize production and trade
flows, in addition to climate change.

In recent years, increased incidences of longer
droughts have caused many farmers in areas of
Mexico such as Puebla state to switch from maize
and other cereals to alternatives that require less
water, such as pistachio nuts, cactus or maguey (used
to make alcoholic drinks). Mexico’s location between
two oceans and on the Tropic of Cancer makes the
country vulnerable to weather volatility. Some experts
forecast that parts of Mexico such as the Tehuacén
region in Puebla, with temperatures above the global
average, will experience more severe effects of
climate change compared to other countries. About
75% of Mexico's soil is already too dry to cultivate
crops, and the arid climate and topography limits agri-
cultural production to 20.6 million hectares or 10.5%
of the country’s territory.? At least one-quarter of this
land must be irrigated.

Again, looking broadly at the geographical distribution
of major importers and exporters of food, the large
population regions of Asia, Europe and North America
are both large producers and importers of food. Despite
having less than 10% of the world’'s arable land, China
accounts for 25% of global grain production. In 2020,
China was the lead producer of over 30 crops,
including wheat, rice, tomatoes and potatoes, and
in recent times, meat production and consumption
have begun to increase. This comes at an environ-
mental cost, however, as China is also a leading user
of fertilizer and source of emissions. The overuse of
pesticides and fertilizers in China threatens not only
the environment, but also public health. China has
been making efforts to address overuse of fertilizers
and pesticides to reduce emissions.?3 China previously
subsidized fertilizers considerably, but it has replaced
these subsidies with measures to encourage the use
of organic fertilizers produced from animal manure.

The above discussion highlights that there is both
rising demand and production of food, especially with
the expected rising populations and incomes in the
global south. However, the trend in climate change
elevates the risk of both production and trade vola-
tility, which in turn threatens food security. With



two-thirds of the 152 developing countries being net
food importers, there is scope for increased food
trade with the Global South to help address food
security. Asia is the top importing region for cereals
and a sizeable producer, while Africa is the most food
insecure region and lagging in food trade, despite

5. INSIGHTS ON SPECIFIC CEREALS

5.1 Attempts at import substitution in wheat
production threatened by climate trends

Despite more than 80 countries being engaged in
wheat production, there remains some degree of
concentration in global production and exports of
wheat, in part because wheat production requires
specific conditions for cultivation. To mitigate risk of
supply disruptions and overdependence on imports,
several wheat importing countries, for example, Ethi-
opia, have focused on import substitution through
investments in domestic production, which are
yielding results. Questions remain over the long-term
sustainability of these approaches if the trends in
climate change persist. To safeguard food security
while remaining mindful of the need to build resilience
to climate change, we advocate for increased support
for dietary diversification that is suited to each coun-
try’s climatic conditions and nutritional needs.

Wheat plays a critical role in global food security. It
provides one-fifth of food calories and protein to the
world's population and is a widely cultivated crop
covering roughly 217 million hectares annually.®* The
crop can be cultivated in various regions with hetero-
geneous weather, elevation or soil types. Global wheat
production has increased steadily in the last decade
from 732.2 million MT in 2014-158 to 781 million MT
in 20238 Globally, the processing industries that
manufacture products such as flour, pasta, noodles
and beverages have driven increased consumption
of wheat across regions. The bulk of global wheat is
directed towards food (546.5 million MT), feed (147.7
million MT) and industry, which includes processed
food (24.2 million MT) and seed (381 million MT). The
global wheat market is expected to grow from USD48
billion in 2023 to USD60.10 billion by 2028.8
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potential for improved production using an agroeco-
logical approach, better food distribution and access.
Parts of Asia, Latin America and the Caribbean are
also food insecure, although this is offset to some
degree by strong production and exports in some
countries within those regions.

The top 10 producing countries account for 80%
of global wheat production, with production spread
across East and Western Europe, Asia and the Amer-
icas. Consistent with trends over the last two decades,
the five countries with the highest volumes of wheat
production in 2023 were China (137 million MT), the
EU (135 million MT)28 India (113 million MT), Russia (85
million MT) and the US. (4719 million MT), together
accounting for 65% of global production. These coun-
tries were followed by Canada, Australia, Pakistan,
Ukraine, Turkey, Argentina, the United Kingdom,
Kazakhstan and Iran, which together accounted for
25% of global wheat production. In terms of trade,
countries exported about 209.3 million MT of wheat in
2023, with the top 10 exporting countries accounting
for 194 million MT (Table 1).

Table 1: Leading World Exports of Wheat by
Country 2023 (Million Metric Tons)

Rank  Country sore” (hillion MT)

1. Russia 23 48

2. European Union 18 385

3. Canada 12 245

4 Australia 10 215

5 United States 9 1905

6. Argentina 6 12

7 Ukraine 5 105

8. Kazakhstan 5 95

9. Turkey 4 75

10. Brazil 2 35
TOTAL 94 194.5

Source:; USDA Foreign Agricultural Service
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Wheat is a key staple food crop in the Asia-Pacific
region where consumption of wheat has increased
for both human consumption and livestock feed. From
2021-22, China was the leading consumer of wheat
(148.5 million MT or 18% of global production), followed
by India (104.3 million MT or 17% of global production).
To illustrate the level of production concentration,
the top 10 wheat exporters account for 94% of global
wheat exports supplying regions, such as the Middle
East and North Africa, where wheat is the staple crop.

Wheat importation is distributed evenly among major
developed and emerging middle-income economies
and includes large population centers, as well as coun-
tries in the Middle East and North Africa (Table 2). The
top 20 importing countries account for 64% of global
wheat imports by volume. China is the leading global
importer of wheat, followed by Egypt, each accounting
for 6% of global wheat imports (12 million MT). Other
major wheat importers include Indonesia, Turkey,
Algeria, the EU, Morocco, Bangladesh, Brazil, etc.

The war in Ukraine disrupted Russian and Ukrainian
production and exports, causing global prices to rise
and creating food security challenges. Overall, high
global food prices are expected to level and begin to
drop in 2024.8° In 2020, some 25 countries, especially
from Africa, were reliant on Russian and Ukraine for
at least 50% of their wheat imports. For countries
including Benin, Eritrea and Somalia, dependence
was at 100% (Figure 6). In the ensuing years, some

Table 2: Leading World Imports of Wheat by
Country 2023 (Million Metric Tons)

Rank  Country Sore™ (illion MD)

1. China 6 12

2. Egypt 6 12

3. Indonesia 5 105

4. Turkey 5 95

5. Algeria 4 87

6. European Union 3 7

7 Morocco 3 7

8. Philippines 3 65

Q. Bangladesh 3 58

10. Brazil 3 56
TOTAL 41 84.6

Source: USDA Foreign Agricultural Service

countries have diversified their import sources, while
others have explored alternatives such as sticky rice
in Laos or cassava in Uganda. Other countries have
resorted to food protectionism through temporary
bans on exports of cereals. Others still have sought to
increase domestic production.

Egypt, once a breadbasket of the Roman Empire, now
imports about 40% of its food consumption in mone-
tary terms, making it one of the most food-import-de-
pendent countries in the world. The country is the
world’s second largest importer of wheat (accounting

Figure 6: Countries with highest dependency on wheat from Russia and Ukraine (2020)

Source: UNCTAD. 2022. The Impact on Trade and Development of the War in Ukraine; UN. Food and Agricul-

ture Organization, 2022'°°
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for 6% of global imports) and has increased its own
wheat yield by almost 38%, going from total produc-
tion of 6.5 million MT in 2000 to almost 9 million MT
in 2022.°° The increase was due to improved seeds,
irrigation and agricultural mechanization. The wheat
self-sufficiency rate has peaked at around 50%, with
the balance met through imports and use of bread
subsidies to contain prices. Notwithstanding these
gains, at current population growth projections, Egypt’s
demand for wheat is expected to triple by the end of
the century. A climate study looking at wheat produc-
tion in Egypt estimated that future wheat yield will
decline largely due to climate change (rising tempera-
tures), despite some yield improvements from new
technologies.®" While the ongoing program to double
irrigated land area by 2035 coupled with crop inten-
sification could raise wheat production in the short
term, these efforts would be insufficient after 2040,
even with modest population growth. Moreover, Egypt
faces water challenges as the increasing demand for
high-quality water for irrigation in the last few decades
has led to the use of poor-quality water for irriga-
tion purposes in farmland. Demand for irrigation is
expected to more than triple from 6 to 20 billion cubic
meters to meet expanded wheat production, resulting
in significant stress to water supply to meet irrigation
demand and address challenges like salinization.!

The 2024-25 season is the third consecutive year
of drought conditions, the worst since 2003, and
could force Algeria, Morocco and Tunisia to increase
their wheat imports again to meet demand and
bolster wheat stocks. North Africa is the largest
wheat-importing region in the world. Wheat imports
in 2023-24 reached the highest level in seven years
due to a record-setting drought. Ethiopia, another
large and populous country, is on a drive to achieve
wheat production self-sufficiency. It is the second-
largest wheat producer in Africa after Egypt. Against
domestic wheat demand of about 7 million tons, the
government is targeting self-sufficiency in wheat
production and eventual exports. With 2 million hect-
ares under crop, current production ranges between
4-552 million tons per year.® With the introduction

of a summer wheat irrigation strategy across Ethi-
opia, the government expects an additional 1.3 million
hectares of summer wheat to be developed to supply
regional partners, such as Kenya and Djibouti. Several
challenges remain to be overcome. Wheat productivity
remains comparatively low in Ethiopia in part due to
climate change, climate variability and limited avail-
ability of adaptive strategies.

5.2 Reuvisiting the maize, biofuel and animal
feed nexus to help address environmental
and climate risks

Maize is widely grown globally. It is productive, with
high yields compared to other crops, and has multiple
uses. It has benefited from investments in research,
breeding and promotion. According to data from the
International Grains Council, total maize production
for 2021-22 stood at 1,224.2 million MT. Maize exports
amounted to 180.1 million MT. The bulk of maize went
to animal feed (723.3 million MT), industrial uses (308.4
million MT) and food consumption (1375 million MT).
The U.S,, China and Brazil account for 32%, 22% and
10%, respectively, of the global maize production (Table
3). Interruption to their production from climate change
and other factors will have severe consequences
for maize-importing nations. The US. is the world’s
largest maize producer and exporter with production
in 2021-22 at 353.84 million MT. With an average vyield
of 10.81 MT/hectare, according to the U.S. Department
of Agriculture (USDA), maize yields have risen nearly
three-fold between 1960 and 2022. Only a small frac-
tion of US. maize directly feeds the nation’s people,
and most maize for food is used to make high-fruc-
tose corn syrup. The majority of US. maize is used
domestically as the key energy ingredient in livestock
feed (38.7%), fuel ethanol production (40%), industrial
uses such as sweeteners, starch, beverages/alcohol
and seeds (0.2%), and exports (17.5%).%3

Exports are an important source of demand for US.
maize, and fluctuations in exports influence U.S. maize
prices. Over the last decade, corn exports have ranged
from 7% to as much as 20% of U.S. corn production.

i Globally, roughly 400 million hectares of soil are classified as saline. Salinization is a major problem associated with irriga-
tion. As deposits of salts build up in the soil, they can reach levels that are harmful to crops. Moreover, the salts can make ground
water, which may be in use for drinking, saltier and unsuitable for drinking. Soil salinization can also lead to a decrease in soil fer-
tility, reducing plant growth and productivity and reduced food security, especially in arid and semiarid zones like Egypt. Progressive
salinization is one of the major causes of soil degradation in Europe, the Near East and North Africa, bringing heightened pressure
on conventional farming based on freshwater resources. See Saline Agriculture for Adaptation (SALAD). 2022. Salinity problems in

Egypt. Available online at https://www.saline-agriculture.com/
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Table 3: Maize 2023 World Production (Million MT)

Total production: 1,213,501,000 MT

Production Global

A
o
3
=

Country

(million MT)  share %
1. United States 3832 32
2. China 277 23
3. Brazil 129 "
4. European Union 27 597 5
5. Argentina 54 4
6. India 343 3
7 Ukraine 275 2
8. Mexico 274 2
) South Africa 16.8 1
10. Russian Federation 146 1
M. Canada 153 1
12. Indonesia 131 1
13. Nigeria 120 1
14, Pakistan 105 1
15. Ethiopia 104 1
16. Philippines 84 1
17. Turkey 82 1
18. Egypt 76 1
19, Serbia 70 1
20. Tanzania, United 59 0
Republic of
21. Thailand 55 0
22. Bangladesh 495 0
23. Paraguay 47 0)
24. Vietnam 41 0
25. Malawi 35 0
26. Mali 35 0
27. Ghana 34 0
28. Zambia 326 0
29. Kenya 32 0)
30. Angola 28 0
30. Angola 28 0

Source: USDA Foreign Agricultural Service
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Mexico is the major export destination for U.S. maize,
importing on average 21-32% of U.S. maize exports
annually in recent years, followed by China, Japan,
Canada and Colombia. Mexico’s consumption of maize
more than doubled over the past decade with the US.
supplying 85% of Mexico’s total maize imports up to
the May 2022-23 marketing year, compared to 97%
in the previous years. US. farmers plant an average
of 90 million acres of maize each year (up from 60.2
million acres in 1983), with the bulk of the produc-
tion concentrated in the Heartland region (from the
Great Plains through Ohio). lowa and lllinois generally
account for about one-third of the U.S. crop.

In the US, a significant share of growth in maize
production is attributed to ethanol production, as well
as domestic demand for livestock feed and higher
prices. Maize production has expanded to non-tra-
ditional growing areas, especially in the north, using
short-season hybrid seeds. However, the outlook for
U.S. maize exports is bleak. U.S. maize export domi-
nance is slowly receding in an increasingly competitive
global marketplace for maize. While Mexico remains
the largest market for US. maize, that country is
also attempting to lessen its dependence on imports.
Chinese imports of US. maize were rising, but with
recent trade tensions, China has reduced its demand
from the US. by 48% (through mid-June 2023) from
the previous year while ramping up imports from
Brazil, which are cheaper than U.S. Gulf Coast port
prices by about USD30 per MT. China is also exploring
ways to improve self-sufficiency, and since 2012, it
has produced more maize than rice. In 2021, China
produced 43% maize and 34% rice, with a large part
of demand for maize from domestic animal feed and
ethanol fuel.

Along with other critics, we argue that the increasing
focus on animal feed and biofuels makes the maize
production system inefficient at feeding people within
some of the large producer countries. Even where
maize is fed to animals to produce meat and dairy
products, there is a major loss of calories and protein
along the value chain due to low conversion rates
from grain to meat and dairy. Governments should
stop increasing demand artificially for biofuels, which
would lower demand for grain and lessen commodity
price pressure.®* Moreover, reducing consumption of
maize-fed meat, or shifting toward more efficient


https://ipad.fas.usda.gov/cropexplorer/cropview/commodityView.aspx?startrow=21&cropid=0440000&sel_year=2023&rankby=Production

dairy, poultry, pork and grass-fed beef systems,
would enable the food system to deliver more food
per bushel of maize and a more diverse and nutri-
tious diet compared to the existing system. It would
also reduce the negative impact on the climate and
environment. U.S. maize, for example, uses more

land than any other crop, covering roughly 97 million
acres. It consumes significant amounts of freshwater

resources and involves massive use of chemical fertil-

izer, such as nitrogen, as well nitrogen from manure.

Much of this fertilizer washes into the nation’s water
bodies causing pollution and damaging ecosystems.

Table 4: 2022/3 Top maize exporters and importers (Million MT)

Total Exports 196,189,000 MT

Total Imports 187,108,1000 MT

Rank  Country (MiTonMT)  export . |Rank  Country Mihon M) importe.
1 Brazil 55 28 1 European Union 27 24 13
2. United States 52 27 2. China 23 12
3. Argentina 40 21 3. Mexico 18 10
4, Ukraine 19 10 4, Japan 15 8
5 Russia 42 2 5 South Korea " 6
6. European Union 27 41 2 6. Vietnam 105 6
7. India 36 2 7. Iran 87 5
8. South Africa 34 2 8. Egypt 75 4
°) Paraguay 30 2 °) Colombia 65 3
10. Serbia 25 1 10. Saudi Arabia 47 3
1. Myanmar 22 1 1. Taiwan 46 2
12, Canada 18 1 12. Algeria 44 2
13. Cambodia 05 0 13. Malaysia 385 2
14. Turkey 05 0 14. Peru 36 2
15. Vietnam 05 0 15. Morocco 238 1
16. Pakistan 04 0 16. United Kingdom 24 1
17 Tanzania 04 0 17 Chile 235 1
18. Zambia 04 0 18. Bangladesh 22 1
19. Mexico 03 0 19. Canada 22 1
20. Moldova 03 0 20. Israel 18 1
21. Laos 0150 0 21. Thailand 18 1
22. Malawi 0100 0 22. Turkey 18 1
23. Thailand 0100 0 23. Guatemala 16 1
24, Uganda 0100 0 24, Dominican Republic 15 1
25. United Kingdom 0100 0 25. Brazil 12 1
26. Kazakhstan 0075 0 26. Indonesia 10 1
27. Australia 0060 O 27. Costa Rica 09 O
28. Cote d'lvoire 0.060 0 28. Honduras 0.85 0
29. Nigeria 0050 0 29. Iraq 08 0
30. Bolivia 0025 0 30. Philippines 08 0
Source: USDA Foreign Agricultural Service
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5.3 The case of rice illustrates the challenges
of climate, concentrated production and
volatility in food trade

Over half of the global population depends on rice as
a major part of their diet, including in much of Asia,
Latin America, Africa and the Caribbean. With a record
789 million MT produced globally in 2021, rice is the
world’s third-most produced agricultural crop behind
sugarcane and maize. Just 10 countries account
for nearly 84% of global rice production (Figure 8),
meaning that most rice-consuming countries must
rely on imports to meet domestic demand. China and
India are the top two producers, accounting for more
than half of the global total. All the top 10 producers
are located in Asia, except for Brazil.

In September 2023, USDA reported that global rice
export prices had peaked to the highest levels in 15
years due to rice export restrictions imposed by India

(on non-Basmati white rice, covering 75-80% of Indian
rice exports) in July 2023 (including a 20% export
duty on parboiled rice).*® Prices began rising in 2022,
following floods in Pakistan — the world’s fourth-
largest rice exporter (Table 5) — which impacted global
supply. Rice is a water-intensive crop, and an earlier-
than-usual El Nifio in the 2023 season was forecast
to reduce rice production across Asia, where 90% of
the world’s rice is grown and consumed. The road to
normalization of rice exports from India will be long,
due to policy uncertainty and firmness in local prices
despite the trade restrictions. There are concerns
that other major rice producers and exporters, such
as Thailand and Vietnam, the second and third-
largest rice exporters accounting for 16% and 15%
of global market share, respectively, could emulate
India and impose similar bans on rice exports, which
would further drive up world rice prices.®® Thailand
has expressed concerns about drought conditions in

Table 5: Leading producers of milled rice 2022/2023 (1,000 MT)

Rice 2022 World Exports: 54,303 (1,000 MT)

% World Production

Rank 2023 Country 2022 2023 2023
World TOTAL 513,563 518,084

1 China 145946 149,000 29
2 India 136,000 132000 25
3 Bangladesh 36,350 36,400 7
4 Indonesia 34000 34,450 7
5 Vietnam 27000 27000 5
6 Thailand 20909 19500 4
7 Philippines 12,631 12,600 2
8 Burma 11,800 12,000 2
9 Pakistan 5500 9,000 1
10 Japan 7480 7450 1
" United States 5092 7014 1
12 Brazil 7004 6,800 2
13 Cambodia 5933 6,000 1
14 Nigeria 5355 5,229 1
15 Eqypt 3,600 3,780 1
16 Nepal 3654 3654 1
17 South Korea 3,764 3610 1
18 Sri Lanka 2,783 3,060 1
19 Madagascar 2816 2816 1
20 Peru 2484 2500 0

Source: USDA Foreign Agriculture Service https://ipad.fas.usda.gov/
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Table 6: World Rice Imports and Exports 2022 (1,000 MT)

Rice 2022 World Exports: 54,303 (1,000 MT)

World Rice Imports 2022: 53,665 (1,000 MT)

Rank Country éx\gg:tlg %) E?SSISSMT) Rank Country ?’mfo‘ﬁvt?("i) ;nggSMT)
1 India 39 21000 1 China 8 4384
2 Thailand 16 8500 2 Philippines 7 3,750
3 Vietham 15 8,000 3 European Union 5 2,500
4 Pakistan 7 3700 4 Iraq 4 2100
5 United States 4 2,042 5 Nigeria 4 2100
6 Cambodia 3 1,800 6 Indonesia 4 2000
7 China 3 1,736 7 Vietnam 3 1,500
8 Burma 3 1,400 8 Cote d'lvoire 3 1,400
9 Brazil 2 1,200 9 Saudi Arabia 2 1,300
10 Uruguay 2 925 10 Senegal 2 1,300
" Paraguay 2 880 " Bangladesh 2 1,275
12 Argentina 1 400 12 United States 2 1267
13 European Union 1 400 13 Malaysia 2 1150
14 Guyana 1 358 14 Iran 2 1,100
15 Australia 1 275 15 South Africa 2 1,087
16 Turkey 0 230 16 Kenya 2 1,000
17 Taiwan 0 150 17 Guinea 2 950
18 South Africa 0 149 18 Brazil 2 900
19 Japan 0 120 19 Mozambique 2 810
20 Suriname 0 110 20 Mexico 1 800

Source: USDA Foreign Agriculture Service https://ipad.fas.usda.gov/

2024, while some growing regions in India and China
— the world's largest rice producer and consumer
— might be at risk of drought. Thailand and Vietnam
have sought to take advantage of the market situation
to increase supplies to countries like the Philippines
(the world’s second-largest importer of rice), Indonesia
(sixth-largest importer) and Japan. On the other hand,
experts are concerned that when the ban is lifted, the
global market could be flooded with Indian rice, should
there be a major market overcorrection.

NSTITUTE FOR AGRICULTURE AND TRADE POLICY

In conclusion, rice feeds over half the world’'s popula-
tion. Global rice demand has increased steadily over
the years and is expected to rise from 520 million
MT in 2021-22 to 555 million MT in 2035. Recent esti-
mates suggest that we are facing a major shortage of
rice with rising prices that threatens food security for
many rice-importing developing countries.®” Yields are
also in decline due to climate-related floods, drought
and severe weather. Since rice also contributes signifi-
cantly to greenhouse gas emissions, a transition to
more sustainable and decarbonized production and
cultivation methods is needed urgently.
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6. CONCLUSION: MITIGATING CLIMATE RISK IN

CEREALS PRODUCTION AND TRADE

Climate change poses serious risks to the production
and trade of cereals. In this paper, we highlighted signif-
icant climate trends that are impacting cereal produc-
tion in the major producing countries and regions
and the threats faced by importing countries. While
a diversity of countries import cereals, a handful of
major producers dominate the production and export
of cereals. In 2022, the top three exporting countries
accounted for 64% for maize volumes, 57% for rice and
45% for wheat.®® This supply concentration in produc-
tion and exports presents risks of price volatility and
supply disruptions. Concerns about declining produc-
tion of certain crops or least supply volatility due to
climate impacts are well founded, especially for the
cultivation of wheat (which in some regions must relo-
cate to higher and cooler elevation due to the changing
climate) and rice (which can only be grown in certain
locations, requires more water than other crops and
is often grown in flooded fields). The precise nature
and extent of the climate-related change in cereals
production is evolving as conditions change and new
climate science data emerges.

To address the challenge of food security, rather than
resorting to agriculture expansion and more inten-
sive irrigation and chemical fertilizer use, IATP has
long argued for a more environmentally sustainable
approach to food production which avoids over-pro-
duction, dumping and food waste. A transition to
agroecological approaches, especially those focused
primarily on small-scale agriculture, would have
benefits for the climate, food security and rural liveli-
hoods.?® In the US,, for example, the USDA has docu-
mented a trend of increasing consolidation in the U.S.
farm sector with a shift in agricultural production to
large-scale operations above 500 acres.”® The USDA
Economic Research Service (ERS) attributes this struc-
tural change to productivity advantages enjoyed by
larger operations in the American Heartland region.”
Instead of consolidation and intensification, we call for
a transition to an agroecology-based approach, which
addresses the problems of the food system from farm
to fork, as well as the impacts on the natural resource
base on which food systems depend, both now and
in the future. Agroecology emphasizes the welfare
of farmers, consumers and the environment. Unlike
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the existing industrialized agriculture system that is
extractive, exploitative and leads to both high emis-
sions and environmental degradation, agroecology
recognizes the interdependence of living systems
and emphasizes balance and diversity. Studies show
that agroecology can promote climate change miti-
gation and adaptation without compromising food
security.® In one study, crop yields employing agro-
ecology were higher for 63% of cases reporting yields.
About 70% of cases exhibited crop diversity, income
diversity, net income gains, reduced income variability
and reduced pest infestation, indicators of adaptative
capacity.'®

To mitigate climate risk in cereal production and trade,
we argue for developing more resilient food systems,
increasing domestic and regional cereal production to
address food security for net food importers. Major
food importers, such as China, Egypt, Ethiopia and
Nigeria, have made strides in strengthening their
domestic food production!®® More localized food
production and regional sourcing creates shorter value
chains and reduces some of the risks of supply disrup-
tion. It also reduces greenhouse gas emissions related
to transportation and preservation of food over long
distances. Ultimately, addressing climate risk involves
rethinking food production systems, putting climate
change at the heart of food systems and supporting
dietary diversity.'®
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