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Abstract

This paper analyses the observed and projected impacts of climate
change on the trade in rice and wheat in Thailand and Egypt,
respectively. Climate change has affected the size of Thailand’s
exports of rice through its impacts on the country’s total rice
production. An increased frequency and intensity of extreme
weather events, including floods and droughts, have resulted in
seasonal disruptions in the country’s total rice production. The
periods that followed the major floods or droughts have generally
involved a decrease in the country’s rice exports. The impacts of
climate change on Egypt’s demand for wheat imports seem to be

insignificant as compared to other factors such as population
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growth, government policy, and the availability of foreign currency
reserves. The supply of wheat exports to Egypt, however, has been
strongly influenced by climate change during recent years. The
incidence of extreme weather events in the major wheat exporting
countries that are trade partners with Egypt has resulted in
reductions in Egypt’s wheat imports. Projected climate change is
expected to further affect the production of and the trade in both

crops in both countries.

Introduction

Global climate change is a topic of growing significance
worldwide. It has resulted from natural causes, anthropogenic
causes, or as a result of interactions between natural and
anthropogenic causes (IPCC 2013). It represents a major risk to
global physical and biological systems. In addition, it has resulted
in adverse effects on the different aspects of human life directly and

indirectly.

According to the Intergovernmental Panel on Climate Change

(IPCC), climate change is defined as

Change in the state of the climate that can be identified

(e.g., by 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

(2013, p. 5).

Agriculture is considered a vital sector in the economies of
developing countries as it plays a significant role in food security,
sustainable development, and poverty reduction. It is considered
one of the most vulnerable sectors to climate change. Global
climate change is expected to result in large-scale adverse impacts
on agriculture and food production in developing countries (IPCC
2014). Crop production, for instance, relies on various climate
factors, including temperature, carbon dioxide, and precipitation.
Changes in these climate factors, which are induced by global
climate change, could result in adverse impacts on crop production
(IPCC 2014). In addition, climate is a major determinant of agro-
ecological zones globally. Consequently, climate change is
expected to modify the location of these zones around the world.

This would, therefore, affect global and regional competitiveness.

Climate change is expected to contribute to shifts in global
agricultural trade flow through its impacts on crop production.
International trade is primarily induced by the differences in factor
endowments and technological capacities between various

economies. Countries tend to specialize in the production of goods



that rely on the relatively abundant factor of production in their
territory (Huang & Lampe 2011, p. 9). Climate change is expected
to cause major shifts in the geographic specialization in agricultural
production through its impacts on crop productivity, crop yields,
and the availability of arable land and water (Huang & Lampe
2011, p. 9). These impacts would cause changes in factor
endowments and technological capacities utilized by agriculture
and will consequently change the returns of factors of production
employed in agriculture (Huang & Lampe 2011, p. 9). It must be
noted, in addition, that the potential damages that would be caused
by climate change to the agricultural production would be critical in
the low-latitude regions as compared to the mid- and high-latitude
regions. Consequently, climate change would contribute to
increased cereal imports of developing countries (Huang & Lampe

2011, p. 11).

Agriculture in Thailand is vulnerable to climate change. Crop
production is substantially dependent on the various climate
factors, including temperature and precipitation. Consequently,
changes in these factors would influence the production of major
crops, including rice. Rice production constitutes a significant part
of agriculture in Thailand considering its role in the economy and
food security. The country is regarded as a major exporter of rice.

In the recent years, rice production in Thailand was subject to
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various abiotic stresses caused by climate change. Elevated
temperatures, sea-level rise, and intense droughts, have caused heat,
salinity, and water stresses on the rice crops. In addition, variations
in precipitation patterns have affected rice production indirectly
through promoting pest infestations and disease infections in
addition to causing limited availability of water for both rain-fed
and irrigated rice production systems (CIAT 2012). In this respect,
climate change affects the sustainability of rice production systems

in Thailand.

In Egypt, agriculture is among the sectors that are extremely
vulnerable to climate change. The increased vulnerability of
agriculture to climate change is attributed to its reliance on
irrigation from the River Nile, which is the major conventional
water resource in the country. Climate change could reduce the
availability of irrigation water through its impacts on the discharge
of the River Nile (EEAA 2010a; USAID 2013). In addition, being
located on the coast of the Mediterranean Sea, the Nile Delta is
particularly vulnerable to the risks of sea-level rise (El Raey 2010).
Wheat is a staple crop in Egypt as it is an ingredient of the Egyptian
flat bread that constitutes an essential part of the dietary intakes of
the majority of Egyptians. The country is regarded as the largest
importer of wheat worldwide due to the existence of a huge gap

between the production and consumption of wheat. Climate change
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could jeopardize wheat production by causing combined abiotic

stresses on the wheat crops.

This paper aims to analyse the observed and projected impacts of
climate change on the trade in both staple crops in both countries. It
1s composed of two parts. The first part aims to analyse the
observed and projected impacts of climate change on the trade in
rice in Thailand. The second part of this paper, in contrast, aims to
analyse the observed and projected impacts of climate change on
the trade in wheat in Egypt. Each of these two parts provides some
background on the production of and the trade in each crop in each
country. In addition, each part analyses the impacts of climate
change on the production of each crop in each country before
analysing the impacts of climate change on the trade in each crop in

each of the two countries.

Methodology

The research is based on mixed research methods. The qualitative
design is visible in systematic comparative and content analysis. In
contrast, the quantitative design is visible in analysing the projected
impacts of climate change based on the results of relevant studies.
Consequently, the research relies on both primary data and

secondary data. The primary data was obtained through in-depth



interviews with farmers, researchers, experts, and government
officials during my fieldwork trip in Thailand. The main aim of this
fieldtrip was to gather in-depth data from various stakeholders
about the vulnerability of rice production in Thailand to the impacts
of climate change. During the fieldwork, I further investigated
whether or not these impacts have had an influence on the size of
rice exports at the macro level. Stakeholders in this context
included farmers, researchers, experts, and government officials.
Two provinces in the Chao Phraya Delta were selected for the

fieldwork trip: Chainat Province and Pathum Thani Province.

In Pathum Thani Province, interviews were conducted in
Noppharat Sub-district in Nong Suea District (approximately 87 km
north of Bangkok). In Chainat Province, random samples of
farmers were selected in a village called Ban Wat Phra Kaew,
Phraek Si Racha Sub-district, Sankhaburi district of Chainat
(approximately 193 KM north of Bangkok).

Secondary data was obtained from official reports, government
documents, and research papers based on their relevance to the
research. For instance, part of the secondary data was obtained
from datasets from government agencies in both countries,
including the Office of Agricultural Economics of Thailand, the
National Statistical Office of Thailand, the Thailand Greenhouse



Gas Management Organization, the Thai Meteorological
Department, the Economic Affairs Sector of the Ministry of
Agriculture and Land Reclamation in Egypt, the Egyptian
Environmental Affairs Agency, and the Egyptian Meteorological
Authority. Finally, the results of various studies relevant to this
research were further utilized by this research. In Thailand, for
instance, studies conducted by the Agricultural Technology and
Sustainable Agriculture Policy Division, the Office of Agricultural
Economics of Thailand, and the International Rice Research
Institute were included in this research. In Egypt, studies conducted
by the United Nations Development Programme, the United
Nations Environment Programme, and the Agricultural Research
and Development Council of the Ministry of Agriculture and Land

Reclamation, were included in this research.

1. Climate change and the trade in rice in Thailand

Thailand is a major exporter of rice. Climate change could
influence the country’s exports of rice through its impacts on the
total production of rice. This part provides some background of the
country’s agriculture, rice production, and the government
agricultural policies. In addition, the observed impacts of climate

change on rice production in Thailand will be analysed in order to



determine whether or not the country’s size of rice exports could be

influenced by such impacts.

1.1 Background

Agriculture is a major sector in Thailand’s economy. In 2014, the
total agricultural area was approximately 21.28 million hectares; it
occupied approximately 41% of the country's total land area
(Singhapreecha 2014). The country’s GDP was estimated to be
$373.8 billion during 2014 in which agriculture’s contribution was
approximately 11.6% (World Bank 2015a, 2015b). Thailand is a
major exporter of agricultural commodities, including rice and
rubber; the exports of agricultural products generate approximately
13.3% of the country’s GDP (Nara et al. 2013, p. 138). The country
is considered a major producer and exporter of rice. In March 2015,
the total harvested area of rice was estimated to be 11.228 million
hectares as compared to 11.38 million hectares in March 2014
(USDA 2015). The total rice (rough) production was estimated to
be 29.400 million tonnes during 2014/2015. Rice exports were
estimated to be 11 million tonnes during 2014/2015 as compared to

10,969 million tonnes during 2013/2014 (USDA 2015).

Rice farmers in both Chainat and Pathum Thani provinces, when

asked about the role of the government in the rice industry, they



indicated that the government intervention in the rice industry was
limited in the past. Nevertheless, the increasing significance of rice
in the country’s economy and trade induced the government to
intervene in the rice market through subsidizing rice (2015, pers.
comm., 7&10 March). Following the 2011 elections, the Pheu Thai
Party introduced a different rice pledging scheme in order to
improve the livelihoods of rice farmers and increase revenues from
rice exports (2015, pers. comm., 7&10 March). According to this
scheme, farmers pledged their rice crop under the government
possession at the commencement of harvesting in exchange for a
later purchase by the government at an increased price (15,000
Baht per tonne) as compared to the market price (2015, pers.

comm., 7&10 March).

The Rice Pledging Scheme that was applied by the government in
2011 aimed to increase export revenues through stockpiling
substantial quantities of the rice crops purchased from farmers and
reducing the rice exports in order control the global market and sell
rice at increased prices (Mahathanasetha & Pensuparb 2014). The
government decision during that time turned out to be inaccurate
due to the competitiveness of the Indian and the Vietnamese rice
exports (Mahathanasetha & Pensuparb 2014). The Thai government
was eventually forced to sell its rice inventory at the global market

price after purchasing rice from farmers at an increased price as
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compared to the local market price (Mahathanasetha & Pensuparb
2014). Public expenditures on this scheme caused pressure on the
country's budget as a result (Mahathanasetha & Pensuparb 2014).
The revocation of the 2013/2014 second rice pledging program
contributed to recovery of the country’s rice exports by increasing
the price competitiveness of the Thai rice exports with the
Vietnamese and the Indian rice exports (USDA 2015). In early
20135, the rice exports decreased by 13% as compared to early 2014
(USDA 2015). This could be attributed to the competitive price of
the Vietnamese rice exports adopted by the Vietnamese
government to expand its exports in the African market (USDA

2015).

The climate of Thailand is tropical and monsoonal. It is influenced
by the northeast and the southwest monsoons (Thai Meteorological
Department 2012). Thailand’s climate varies between two seasons,
the dry season that commences in November and ends in April, and
the rainy season that commences in May and ends in October (Thai
Meteorological Department 2012). Average surface temperature in
Thailand ranges between 12°C and 40°C (Thai Meteorological
Department 2012). The country’s average annual rainfall ranges
between 1200 mm and 1600 mm (Thai Meteorological Department
2012). Thailand’s climate is further characterized by the occurrence

of tropical cyclones that originate from either the north-western

11



Pacific Ocean or the South China Sea. The annual mean frequency
of tropical cyclones is three to four times (Thai Meteorological

Department 2012).

1.2 Observed climate change in Thailand and its impacts on rice

production

Climate change has been visible in Thailand in an increase in the
annual mean, minimum, and maximum temperatures, sea-level rise,
an increase in the frequency and intensity of extreme weather
events, and reduced precipitation patterns (CIAT 2012; Emde 2012;
Komori et al. 2012; Thai Meteorological Department 2012).
According to CIAT (2012), the country experienced an increase in
the annual mean, minimum, and maximum temperatures during the
20th century. The annual mean temperature increased from 22°C to
29°C during the 20th century (CIAT 2012). The central part of the
country, which encompasses the Chao Phraya Delta, is additionally
vulnerable sea-level rise of the Gulf of Thailand. According to
Trisirisatayawong et al. (2011, p. 138), the Gulf of Thailand has
been rising more rapidly than global average sea level since the
1940s. The coast of the Chao Phraya Delta was subject to 500 m
erosion between the 1960s and the 1980s and to 200-300 m erosion
between 1987 and 1992 (Dutta 2011, p. 811; Emde 2012). In

addition, Thailand has experienced a series of frequent and intense
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extreme weather events, including floods and droughts, in the
recent decade. The country-wide floods that occurred in 2011
caused large-scale economic damages. These floods commenced
during late July and they continued for approximately six months
until mid-January 2012 (Komori et al. 2012, p. 42). They were
caused by extreme precipitation events that were estimated to be
143% relative to the seasonal average of 19822002 (Komori et al.
2012, p. 42). In March 2015, the country experienced an intense
drought prior to the end of the dry season of 2014/2015. This
drought, which resulted from reduced precipitation patterns, caused
limited availability for irrigation water in the central part of the

country (Duangporn Vitoonjit 2015, pers. comm., 10 March).

These observed changes in the various climate conditions could
result in various abiotic stresses that could affect the country’s rice
production adversely. For instance, there is a maximum
temperature threshold that the rice crops can tolerate. An increase
in temperature over this threshold would result in heat stress on the
crops and yield reductions would accordingly occur (Gerald et al.
2010; Hijioka et al. 2014, p. 1344). This could be attributed to the
fact that elevated temperatures minimize the growing period of rice

(Gerald et al. 2010; Hijioka et al. 2014, p. 1344).2 In addition to its

* Several uncertainties are associated with the impacts of climate change
on rice production. As previously explained, elevated levels of
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impacts on yield, temperature is a primary determinant of the
suitability of land for crop production. Elevated temperatures could
reduce the suitability of land for rice production. Accordingly, an
additional potential impact of elevated temperatures would be
reducing areas allocated for rice production in the Delta (Gerald et

al. 2010; Hijioka et al. 2014, p. 1344).

The impacts that could be caused by sea-level rise in the Gulf of
Thailand would involve coastal erosion, coastal flooding, storm
surges, saline intrusion, and inundation of agricultural areas (Emde
2012). Sea-level rise in the Gulf of Thailand constitutes a major
risk to rice yields and cultivated areas in the Chao Phraya Delta.
Sea-level rise could adversely affect rice production through
causing salinity stress and/or submergence of rice areas in the lower

part of the Chao Phraya Delta (Emde 2012).

The gravity of the impacts that are caused by extreme weather
events on rice production emerges from the fact that they result in
exceeding the maximum threshold of the climate conditions that the

rice crops can tolerate. The impacts of extreme weather events on

atmospheric CO; could result in positive impacts on yields through CO,
fertilization. The outcome of interactions between these positive impacts
and the negative impacts resulting from changes in temperature is
uncertain (Hijioka et al. 2014, p. 1344).
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rice production range between yield reductions and complete yield
failures (Chitnucha Buddhaboon 2015, pers. comm., 6 March).
Floods, which are induced by extreme precipitation events, could
cause total or partial inundation of rice areas in addition to
waterlogging (Mohanty et al. 2013). Total inundation would result
in immediate crop failure, while partial inundation would cause
crop failure over extended periods (Mohanty et al. 2013). Droughts
could cause large-scale crop failure as they could reduce the
availability of water essential for crop development (Chitnucha

Buddhaboon 2015, pers. comm., 6 March).

Rice farmers in Chainat and Pathum Thani provinces indicated in
group discussions that they have observed a continuous increase in
temperature in the recent decades. This has resulted in heat stress
that has adversely impacted rice yields (2015, pers. comm., 7&10
March). Mr. Boomsong Sutong is a rice farmer in Noppharat sub-
district located in Pathum Thani Province; he possesses 35 rai of
cultivated land where he produces rice solely. He stated that his
average rice yield is normally 800 kg/rai and his total annual
production is 56,000 kg/year (2015, pers. comm., 7 March). He
further indicated that the observed increases in temperature in the
recent years have been unprecedented; they have reduced the length
of the growing season of his crop and yield has been gradually

decreasing as a result (2015, pers. comm., 7 March). These
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statements were confirmed by the rice farmers in Chainat Province;
they indicated that elevated temperatures and heat stress have
caused yield reductions in the rice crops by 30% (2015, pers.

comm., 10 March).

When asked about the impacts of elevated temperatures on rice
production, Mr. Amnat Janchoung, who is project leader of
research project conducted by the Thai Community Foundation in
Noppharat sub-district, indicated that an increase in temperature
has been observed in the sub-district in the recent years (2015, pers.
comm., 7 March). He further pointed out that heat stress constitutes
a major risk to rice yields in this sub-district (2015, pers. comm., 7
March). In addition, Dr. Chitnucha Buddhaboon denoted that the
incidence of heat stress during certain growth stages of rice could
result in yield reductions and this was evident in the Chao Phraya
Delta (2015, pers. comm., 6 March). He further indicated that these
impacts on yields have not, however, resulted in major reductions
in the total production of rice in the Delta (2015, pers. comm., 6

March).

The 2011 floods resulted in adverse impacts on rice yields in
Thailand. These floods resulted in the total submergence of rice
cultivated areas in several locations and substantial crop failures

occurred (Chitnucha Buddhaboon 2015, pers. comm., 6 March).
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Farmers in Chainat and Pathum Thani provinces pointed out in
group discussions that rice production has been subject to frequent
and intense floods in the recent decade (2015, pers. comm., 7&10
March). The 2011 floods were among the major floods they have
observed recently. The rice farmers in Noppharat sub-district
indicated that the location of their village at a higher elevation as
compared to the surrounding areas and using sandbag walls had
mitigated the damages of the 2011 floods on their rice crops.
Nevertheless, the inundation of the surrounding areas by flood
waters prevented the farmers from transporting their crops after
harvesting (2015, pers. comm., 7 March). The rice farmers in Ban
Wat Phra Kaew village, located in Chainat Province, noted that the
impacts of the 2011 floods would have been significant if they had
not used sandbag walls to obstruct flood waters from reaching their
rice fields (2015, pers. comm., 10 March). When asked about the
impacts of the 2011 floods on her rice yields on 10 March 2015,
Ms. Ratchaneekorn Jarupan, who owns 50 rai of cultivated lands
divided between rice production and horticulture, indicated that the
impacts of the 2011 floods were significant on her horticulture as
compared to the rice crop since fruit trees were damaged

immediately due to flood waters.

Climate change is intensifying water scarcity in Thailand through

its impacts on the river discharge. Agricultural production has been
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adversely affected by climate change due to the reduced availability
of water for irrigation caused by changes in precipitation patterns
(Duangporn Vitoonjit 2015, pers. comm., 10 March). In this
respect, climate change affects the supply of and demand for water
for irrigation (Mohanty et al. 2013). These effects have been
significant during the dry season since the increased intensity of El
Nino has resulted in reduced precipitation, and has therefore
decreased river discharge (Mohanty er al. 2013). In addition,
elevated temperatures have resulted in increased patterns of water
evaporation in irrigation canals (Duangporn Vitoonjit 2015, pers.

comm., 10 March).

In the course of the 2015 drought, reduced water levels were
observed in the Chao Phraya Dam, which is responsible for the
allocation of irrigation water for the lower Chao Phraya River
Basin. In addition, irrigation canals that were located at the rice
fields at Chainat and Pathum Thani provinces were completely dry.
Consequently, the government advised farmers to avoid the
production of the second rice crop during the dry season of
2014/2015 due to the limited availability of water for irrigation
(Amnat Janchoung 2015, pers. comm., 7 March). In group
discussions, farmers in both Pathum Thaini and Chainat provinces
indicated that they used to produce two rice crops annually because

of the availability of water for irrigation (2015, pers. comm., 7&10
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Source: (Mostafa 2015, pers. comm., 10 March)

Figure 1.1 illustrates reduced water levels in the Chao Phraya Dam, Chainat
Province (March 2015)

March). In addition, water surplus during several years enabled
them to produce a third rice crop to generate more income (2015,

pers. comm., 7&10 March). They additionally pointed out that the
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two years that followed the 2011 floods noted increased availability
of water for irrigation (2015, pers. comm., 7&10 March). However,
the intensity of the 2015 drought was unprecedented. The limited
availability of irrigation water prevented them from planting second
rice (2015, pers. comm., 7&10 March). This drought resulted in
significant water stress and it caused yield reductions by 50%
according to the farmers' statements (2015, pers. comm., 7&10
March).

Dr Chitnucha Buddhaboon asserted that the intensity of droughts
has increased in the recent years. The drought that occurred during
the dry season of 2014/2015 resulted in substantial reduction in
water supplies for rice production (2015, pers. comm., 6 March).
Mr. Amnat Janchoung indicated that the impacts of the 2015
drought on the total rice production were uncertain, but if the
current pattern of droughts persisted in the following years, the
total rice production would be reduced due to the inability of
farmers to produce a second rice crop (2015, pers. comm., 7
March). In Noppharat Sub-district, Mr. Boumsong Sutong, when
asked about the impacts of this drought on his rice crops on 7
March 2015, indicated that he could not produce a second crop
during the dry season of 2014/2015. He expected that he would not
be able to achieve his average annual rice production of 56,000

kg/yr as a result of the drought. Mr.Nukul Namplasai, a rice farmer
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in the same sub-district, asserted that he produced a second crop at
his own risk and water stress was adversely impacting his rice
crops (2015, pers. comm., 7 March). In Ban Wat Phra Kaew
village, which is located at Chainat Province, Ms. Ratchaneekorn
Jarupan indicated that the unavailability of water during the dry
season of 2014/2015 prevented her from exploiting 30 rai of her
land to produce a second rice crop. Therefore, she was uncertain of
her capability to achieve her average annual rice production of

60,000 kg/yr (2015, pers. comm., 10 March).

1.3 Impacts of climate change on the trade in rice

Climate change could induce fluctuations in the Thailand’s rice
exports both on the short run and the long run. Increased frequency
and intensity of floods and droughts, which is attributed to climate
change, could cause large-scale crop damages. These damages
would, consequently, cause disruptions in the rice supply chain and
short-term reductions of the rice exports would occur as a result.
According to Nara et al. (2013, p. 139), the 2011 floods resulted in
substantial damages to the first rice crop, and therefore reduced the
rice export values to 13,328 million baht in late 2011 as compared
to 21,486 million baht in late 2010. In addition, the 2015 drought
prevented the rice farmers in most parts of Thailand from

producing a second rice crop. Consequently, the production of
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second rice was expected to decrease as a result of this drought.
According to Pensupar and Yadanar (2015), the country’s exports
of second rice are expected to decrease by over 30% as a result of
the 2015 drought. In addition, the impacts of extreme weather
events on production could force governments to impose export
restrictions in the event of large-scale crop damages. Extreme
weather events have caused seasonal fluctuations in the rice exports
as a result of their impacts on the first or the second rice crops
(Chitnucha Buddhaboon 2015, pers. comm., 6 March). Floods, for
instance, are frequent during the production of the first rice crop,
while droughts generally occur during the production of the second

rice crop (Chitnucha Buddhaboon 2015, pers. comm., 6 March).

On a global basis, climate change and the impacts of sea-level rise
are expected to cause fluctuations in the global rice supply chain.
Climate-induced declines in the global rice production are expected
to decrease exports of major producing countries and increase
imports of net importing countries (Chen et al. 2012, p. 559). This
would result in an increase in the total global rice trade (Chen et al.
2012, p. 559). Policy interventions, including export bans, are
expected, however, to minimize the size of the global rice trade
(Chen et al. 2012, p. 559). By 2030, for instance, the combined
climate change impacts on yields (worst yields effect scenario) and

the impacts of sea-level rise on cultivated areas are expected to
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decrease the global rice production by 3.29% and by 4.17% in case
of a 1 m sea-level rise and a 5 m sea-level rise, respectively (Chen
et al. 2012, p. 557). Consequently, the global prices of rice would
increase by 17.06% in case of a 1 m sea-level rise and by 21.91% in
case of a 5 m sea-level rise (Chen et al. 2012, p. 557). In that case,
the total global rice trade is expected to increase by 9.58% in case
of a 1 m sea-level rise and by 24.45% in case of a 5 m sea-level rise
(Chen et al. 2012, p. 557). The enforcement of an export ban would
result in an increase in the global prices of rice by 22.15% in case
of a 1 m sea-level rise and by 29.24% in case of a 5 m sea-level rise
(Chen et al. 2012, p. 557). The size of the global rice trade would
change by —35.52% in case of a 1 m sea-level rise and by —29.50%
in case of a 5 m sea-level rise (Chen et al. 2012, p. 557). Thailand’s
rice exports could be affected on the long run by the impacts of
combined climate stresses, including heat, water, and salinity
stresses on rice production caused by climate change. Climate
change would result in a decrease in rice production in Southeast
Asia by 2080 (Briones et al. 2012). Thailand, in addition to major
rice exporting countries, would experience a reduction in their rice

exports (Briones et al. 2012).

It must be noted that the impacts of the projected climate change on
Thailand’s trade in rice could be offset by the emergence of new

cultivated areas of rice in Thailand. For instance, climate change
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could induce shifts in the suitability of lands for rice cultivation in
Thailand. New areas that would be characterized by favourable
climate conditions for rice cultivation in Thailand might emerge.
The country’s productive capacity of rice could, therefore, be
maintained or expanded as a result of the emergence of new
cultivated areas of rice. In addition, the impacts of climate change
on Thailand’s trade in rice could be offset by yield enhancements
that would result from the implementation of certain adaptation
strategies, especially developing new rice varieties that could
tolerate the various abiotic stresses caused by climate change.
According to Chen et al. (2012, p. 558), a 1% yield enhancement
caused by crop adaptation in the rice exporting countries would
offset the impacts of a 1 m sea-level rise on rice production, while a
15% yield enhancement would offset the impacts of a 5 m sea-level

rise on rice production.

2 Climate change and the trade in wheat in Egypt

Egypt is regarded as the largest importer of wheat globally. The
existence of a gap between production and consumption has driven
the consecutive governments to address this gap by importing
wheat. Climate change could, therefore, affect the size of the
county’s wheat imports through the climate-induced impacts on
wheat production. This part provides some background of the
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country’s agriculture, rice production, and the government
agricultural policies. In addition, in order to determine whether or
not climate change could influence the country’s wheat imports, the
observed impacts of climate change on wheat production in Egypt

will be analysed.

2.1 Background

Agriculture is a major economic sector in Egypt. The total area of
agricultural lands is estimated to be 3.5 million hectares, which
represents approximately 3.5% of the total land area of Egypt
(ARDC 2009). There are two categories of agricultural lands in
Egypt, the old lands that are located at the Nile Delta and the Nile
Valley and have been utilized for cultivation throughout history due
to their reliance on the Nile for irrigation, and the newly reclaimed
lands located at the Eastern Desert, the Western Desert, and the
Sinai Peninsula; they rely primarily on groundwater and desert
oases for irrigation (El-Ramady et al. 2013, p. 50). The old lands
represent the major part of the total agricultural lands in Egypt
amounting to approximately 80% (2.26 million hectares) of the
total agricultural lands, while the newly reclaimed lands represent
20% (1.08 million hectares) of the total agricultural lands (EEAA
2010b; FAO 2011; USAID 2013). In this respect, climate and the
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availability of water resources are the primary determinants of the

agro-ecological zones in Egypt (EEAA 2010b).

Agriculture secures the country’s food requirements. The total
value of food production was estimated to be $23.706 million in
2012 with an annual growth rate of 1.55% between 2007 and 2012
(FAOSTAT 2015). In addition, agriculture constitutes a major
source of public revenues in which the share of agriculture’s value
added to the country’s GDP was estimated to be 14.5% in 2012
(World Bank 2015c). Agricultural commodities represent 30% of
the country’s total commodity exports (El Raey 2010, p. 31). Crop
production represents approximately 68% of agriculture’s total
GDP (Eid et al. 2006). The value of crop production per hectare
was estimated to be $4801 in 2012 with an annual growth rate of
0.79% between 2007 and 2012 (FAOSTAT 2015). The cultivated
areas of cereals increased from 2.0 million hectares between 1980
and 1984 to 2.98 million hectares between 2008 and 2009 (USAID
2013). The total value of agricultural production was estimated to
be $23.902 million in 2012; the annual growth rate of the value of
agricultural production was estimated to be 1.39% between 2007

and 2012 (FAOSTAT 2015).

Wheat is a winter cereal that is cultivated in the Nile Delta and the

Nile Valley. The total harvested area of wheat was estimated to be
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1.35 million hectares during 2013/2014 (USDA 2014a).” The total
production of wheat was estimated to be 8.6 million tonnes during
2013/2014 as compared to 8.5 million tonnes during 2012/2013
(USDA 2014a). It is a water-intensive crop that consumes
approximately 9% of the total water allocated for irrigation (Siam
& Croppenstedt 2007). Wheat is a strategic crop in Egypt since it is
closely related to food security. Wheat and its products are the most
consumed commodities in Egypt. Average per capita consumption
of wheat and its related products was estimated to be 1169 kcal per
day in 2011 (FAOSTAT 2015). The total wheat consumption
during 2013/2014 market year was 18.9 million tonnes as compared
to 18.7 million tonnes during 2012/2013 (USDA 2014a). Wheat,

therefore, represents substantial part of the total food supply in
Egypt.

The government provides bread for the low-income class at a
subsidized price. It maintains 5-6 months of wheat stocks for bread
production (USDA 2014a). Furthermore, Egypt is currently
experiencing substantial gap between production and consumption
of wheat (USDA 2014a). The country resorts to importing wheat in
order to secure wheat supplies for the increasing demand. During

2013/2014, the total wheat imports were estimated to be 10 million

3 Market Year commences at July every year in Egypt.
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tonnes as compared to 8.3 million tonnes during 2012/2013 (USDA
2014a).

Table 2.1 Harvested Area, Production, Imports, and the Total
Consumption of Wheat in Egypt (2010-2014)

2010/2011 2011/2012 2012/2013 2013/2014

Area Harvested 1,260 1,280 1,350 1,350
(1000 ha)

Production 7,200 8,400 8,500 8,650

(1000 tonne)

Imports 10,600 11,650 8,300 10,000

(1000 tonne)

Total 17,700 18,600 18,700 18,900

Consumption

(1000 tonne)

Source: (USDA 2012, 2013, 2014)

Egypt relies on a number of countries to secure its wheat supplies;
Russia along with other countries in the Black Sea Region are

currently the largest source of wheat imports for Egypt (Hamrick et
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al. 2014). China and Argentina are additionally regarded as major
trade partners with Egypt in terms of wheat imports. The United
States was previously the largest wheat exporter for Egypt
(Hamrick et al. 2014).

The government plans to expand the harvested area of wheat in
order to fulfil the increasing demand and reduce expenditures on
wheat imports (USDA 2014a). In addition, the government
conducted policy reforms between 1987 and 1999 to improve
wheat production (Fischer et al. 2014, p. 90). These reforms
resulted in the introduction of new wheat varieties and the
improvement of prices of wheat (Fischer et al. 2014, p. 90).
Consequently, increased wheat areas and yields were witnessed
during the period following these policy reforms. During the recent
decade, nevertheless, wheat yields became steady as the reduced
price and limited profitability of wheat induced farmers to produce

different crops for income generation (Fischer et al. 2014, p. 90).

Egypt is characterized by an arid climate and reduced precipitation
patterns. The Mediterranean coast, nevertheless, experiences
increased precipitation during winter (EEAA 2010b). The climate
ranges between the four seasons, summer that occurs between June
and September, winter that occurs between December and March,

spring that occurs between April and May, autumn that occurs
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between October and November (FAO 2011). The arid zones in
Egypt, including the Mediterranean coast and the Delta, are
characterized by warm summers with average temperatures ranging
between a minimum of 23°C and a maximum of 32°C (FAO 2011).
In addition, they experience mild winters with average
temperatures ranging between a minimum of 9°C and a maximum
of 18°C (El-Ramady et al. 2013, p. 61; FAO 2011). In contrast, the
hyper arid zones, including the desert areas, are characterized by
extremely warm summers with average maximum temperatures
reaching 40°C (El-Ramady et al. 2013, p. 61; FAO 2011). Winters
in these zones are generally mild and dry with average maximum
temperatures reaching 18°C (El-Ramady et al. 2013, p. 61; FAO
2011). Precipitation generally occurs in Egypt during winter
between December and March. It varies significantly between the
different parts of the country. The average annual precipitation was
estimated to be approximately 80 mm/yr in most parts of the
country (El-Ramady et al. 2013, p. 63). The average annual
precipitation in the Mediterranean coast, in contrast, might reach up
to 200 mm/yr (El-Ramady et al. 2013, p. 61; FAO 2011). Upper
Egypt experiences reduced precipitation where average
precipitation was estimated to be 10 mm/yr (El-Ramady er al. 2013,
p. 61; FAO 2011).
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2.2 0bserved climate change in Egypt and its impacts on wheat

production

Egypt has experienced increased minimum and maximum
temperatures in the recent decades (EEAA 2010b). The mean
maximum air temperature increased by 0.34°C per decade between
1961 and 2000, while the mean minimum air temperature increased
by 0.31°C per decade during the same period (EEAA 2010b). In
addition, the number of warm nights increased between 1960 and
2003 as compared to the number of cold nights (Gosling et al.
2011). Increased temperatures were additionally observed in the
Nile Delta between 1971 and 2000 (Smith et al. 2013; UNDP
2009). The annual mean temperatures have increased by 0.05°C/yr

during recent decades (Smith et al. 2013; UNDP 2009).

The Nile Delta is currently experiencing sea-level rise in the
Mediterranean Sea at different levels across its coast; this could be
attributed to the differences in the rate of subsidence between
various parts of the coast. The rate of subsidence across the coast of
the Delta ranged between 1.5 mm/yr to 2.5 mm/yr (EI Raey 2010,
p. 34). Combined subsidence and sea-level rise in the
Mediterranean resulted in an observed relative sea-level rise by 1.6
mm/yr, 5.3 mm/yr, and 2.3 mm/yr at Alexandria (Northwest of the
Delta), Portsaid (Northeast of the Delta), and Al Burullus (North of
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the Delta), respectively (UNDP 2009). If subsidence were
disregarded, the results would indicate that the observed relative

sea-level rise would be 1.6 mm/yr, 2.3 mm/yr, and 1 mm/yr at
Alexandria, Portsaid, and Al Burullus, respectively (EEAA 2010b).

The increased frequency and intensity of extreme weather events is
a major consequence of climate change that might affect wheat
production in Egypt. Sand storms occur frequently in the Nile Delta
during spring as a result of the formation of Khamasin winds
between March and May every year. These winds carry warm and
sandy air from desert areas towards Lower Egypt, and consequently
cause extreme warm and dry conditions (Gosling et al. 2011). In
addition, the coast of the Nile Delta experiences flash floods during
winter as a result of increased precipitation (EEAA 2001).
Increased frequency and intensity of extreme weather events have
been observed in Egypt in the recent decades. This could be
attributed to variations in global surface temperature and changes in
the location of Intertropical Convergence Zone, induced by climate
change (El Raey 2010, p. 38). The coast of the Nile Delta has been
subject to extreme precipitation events since the last three decades.
This could be associated with variations in North Atlantic
Oscillation (EI Raey 2010, p. 38). Increased frequency of
thunderstorms has additionally been observed at the Mediterranean
coast, including the northern part of the Delta, in the recent decade
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and this could be associated with the northward shifts of
Intertropical Convergence Zone (EI Raey 2010, p. 38). In addition,
increased intensity and frequency of Khamasin sandstorm has been
observed in Egypt (El Raey 2010, p. 38). Finally, the frequency and
intensity of heatwaves has increased in Egypt in the last two
decades (EEAA 2010b). The incidence of droughts is associated
with variations in precipitation patterns. There has been an
observed decrease of precipitation patterns during winter seasons in

the Mediterranean region since the mid-1960s (Smith et al. 2013).

Changes in precipitation patterns in Egypt are expected to have
minor impacts on wheat production since agriculture in Egypt relies
mainly on irrigation from the Nile River. However, changes in
precipitation patterns in the Upper White Nile and Blue Nile
catchments could influence the discharge of the River Nile in the
downstream countries, including Egypt (EEAA 2010a; USAID
2013). Changes in precipitation in the Ethiopian Highlands could
influence the discharge of the Blue Nile, which is responsible for
the majority of the River Nile’s discharge. Moreover, elevated
temperatures could cause subsequent increases in evaporation and
evapotranspiration in the Equatorial Lakes Region from which the

White Nile originates (EEAA 2010a; USAID 2013).
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Various studies have attempted to analyse the sensitivity of the
discharge of the Nile to changes in precipitation in the Upper Blue
Nile and White Nile catchments. According to EEAA (2010b),
changes in precipitation have affected the discharge of the Blue
Nile as compared to the discharge of the White Nile. This study
additionally indicated that an increase in precipitation in the
Ethiopian Highlands by 10% resulted in an increase in the
discharge of the Blue Nile by 36%, while a 10% decrease of
precipitation resulted in a decrease of the discharge of the Blue Nile
by 31%. The discharge of the White Nile, in contrast, is moderately
influenced by changes in precipitation in the Equatorial Lakes
region; a 10% increase in precipitation caused an increase in the
discharge of the White Nile by 19%, while a decrease of
precipitation by 10% resulted in a decrease of the discharge by 11%
(EEAA 2010b). In addition, UNEP (2006) analysed changes in the
discharge of the Nile based on changes in precipitation in the
Ethiopian Highlands between 1907 and 1997. The study concluded
that increased river discharge during the periods 1907-1961 and
1987-1997 corresponded with increased precipitation in the
Ethiopian Highlands, while decreased discharge between 1962 and
1984 was associated with decreased precipitation in the Ethiopian

Highlands (UNEP 2006).
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These observed changes in the various climate conditions could
result in various abiotic stresses that could affect the country’s
wheat production adversely. For instance, temperature is an
essential factor affecting wheat yield and the suitability of land for
wheat production. FElevated temperatures influence wheat
production by causing adverse impacts on wheat yield and
cultivated areas. For instance, temperature is an essential element
for wheat growth (Hassanein et al. 2012, p. 142). There is a specific
temperature threshold required for the different phonological stages
of the crop (Hassanein et al. 2012, p. 142). Consequently, elevated
temperatures could cause yield reductions by reducing the length of
the growing season, the length of the grain filing periods, and the
length of the flowering stage (Hassanein et al. 2012, p. 142). In
addition, they could result in heat stress on the crop through
exceeding the maximum temperature threshold tolerated by the
crop (Hassanein et al. 2012, p. 142). Elevated temperatures,
therefore, could cause yield reductions through altering the
optimum climate conditions required for wheat development
(Hassanein et al. 2012, p. 142). In addition, temperature is a
primary determinant of the agro-ecological zones in Egypt.
Therefore, elevated temperatures could cause spatial changes in the
wheat cultivated areas in the Delta through reducing the suitability

of lands for wheat production (Gosling et al. 2011). This could
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eventually result in reducing wheat cultivated areas in the Delta

(Gosling et al. 2011).

The impacts of sea-level rise on wheat production could involve the
loss of agricultural lands caused by coastal erosion and coastal
flooding in addition to contributing to reductions in wheat yields
caused by saline intrusion. These impacts would be exacerbated by
the continuous subsidence of the Nile Delta caused by the various
human activities. Heatwaves, floods, and droughts could jeopardize
wheat production in the Delta through causing yield reductions, and
in some cases, large-scale crop failures. Climate change could
affect wheat production through its impacts on the supply of and
demand for of irrigation water in the Egypt. The discharge of the
River Nile, which is the primary source of irrigation water in
Egypt, relies on precipitation in the major tributaries of the Nile.
Changes in precipitation patterns in these tributaries could result in
reduced river discharge, and therefore, reduced availability of
irrigation water in Egypt. This would adversely impact the
suitability of lands in Egypt for crop production since the
availability of water for irrigation is a major determinant of the

agro-ecological zones in Egypt.

The observed climate change in Egypt has not, nevertheless,

affected the country’s total wheat production. In fact, wheat
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production has increased during recent years due to the expansion
of wheat cultivated areas. In addition, by comparing the country’s
total production of wheat between the years 2001 and 2014, it was
observed that the total production increased from 6.2 million tonnes
in 2001 to 8.6 million tonnes in 2014 as illustrated in Table 2.1
(FAOSTAT 2015; USDA 2014a). The highest annual growth rate
of the country's wheat production occurred between 2001 and 2006
period; it was estimated to be 5.75% annually (FAOSTAT 2015;
USDA 2014a). In addition, the highest values of wheat production
were observed in the Nile Delta during 2012 (Sadek et al. 2014, p.
1221). Subsequent increases in yields were additionally observed in
the Nile Delta during recent decades. The highest wheat yields
were witnessed in the Nile Delta between 2004 and 2007 (Sadek et
al. 2014, p. 1218). Furthermore, the observed climate change has
not affected wheat cultivated areas. The government policies have
resulted in the expansion of wheat cultivated areas across Egypt. As
illustrated in Table 4.1, wheat harvested areas increased from 1.28
million hectares during 2011/2012 to 1.35 million hectares during
2013/2014 (USDA 2013, 2014a).*

* 1t must be noted that urbanization is currently considered the primary
cause of the decline in cultivated lands in the Delta during the previous
five years despite the existence of the legislations, including Law No.
3/1982 and the Martial Decree No.1/1996 that regulate the construction
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2.3Impacts of climate change on the trade in wheat

Climate change could affect the size of Egypt's wheat imports
through its impacts on the import demand and export supply of
wheat. Yield reductions induced by climate change could result in a
decrease in Egypt's total wheat production. This would accordingly
result in an increase in the demand for wheat imports in order to
address the increasing consumption. In contrast, climate change in
major wheat exporting countries will likely result in reduced wheat
production in these countries, and therefore, decreased international
wheat supply. In some cases, frequent and intense extreme weather
events in these countries could result in policy interventions in the
form of export bans. These weather events despite being local in
their spatial scope, they would eventually result in trans-boundary
impacts in the form of major disruptions in supply of wheat

imports.

of human settlements on cultivated lands (EEAA 2001). These
legislations, however, were ineffective in reducing the unlawful
construction of human settlements on cultivated lands, especially in the
Nile Delta. Population growth, increasing prices of land, poor access to
infrastructure, and the absence of effective control by the authorities
following the 2011 revolution have collectively contributed to increased
rates of unlawful construction of human settlements on cultivated lands
in the Delta. Consequently, declines in cultivated areas have occurred in
the Delta.
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The observed impacts of climate change on the demand for wheat
imports in Egypt are currently insignificant if compared with other
factors, including population growth and the availability of foreign
currency reserves. The government policy to reduce wheat imports
and increase local wheat production through the expansion of
wheat cultivated areas has succeeded to offset any climate-induced
wheat yield reductions. Therefore, the government’s policy is
expected to induce stability in the country’s total wheat production.
In contrast, there is robust evidence on the observed the impacts of
climate change on the supply of wheat exports. The recent years
have witnessed increased frequency and intensity of extreme
weather events in major wheat exporting countries; these events
resulted in reduced wheat supplies in the international markets
followed by decreased wheat imports to Egypt. A series of extreme
weather events that occurred in major wheat exporters resulted in a
deficit in the international wheat supplies and a reduced flow of
wheat imports to Egypt. In 2010, Russia and Ukraine experienced
severe drought and heatwaves that resulted in reducing the total
wheat production by 32.7% and 19.3%, respectively (Werrell &
Femia 2013, p. 7). In response to these events, the Russian
government applied an export ban on wheat that reduced wheat
imports to Egypt by 700,000 metric tonnes during August 2010
(USDA 2013). In addition, unprecedented intense drought occurred
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in the eastern part of China during late 2010, which is a major
wheat producing region in the country. Precipitation decreased
significantly in this region and China's wheat production decreased
by 0.5% (Werrell & Femia 2013, p. 8). In an attempt to address
climate-induced wheat yield failures, the Chinese government
imported wheat from international markets. Consequently, wheat
international markets witnessed reduced supplies and increased

prices (Werrell & Femia 2013, p. 8).”

The projected climate change will likely cause fluctuations in the
supply of exports and demand for imports of wheat in the short
term and the long term. Increased temperatures coupled with a
limited availability of irrigation water in Egypt would cause
reductions in the wheat cultivated areas, yields, and would
consequently cause reductions in the total production in the long
term. The projected increase in the frequency and intensity of
extreme weather events would result in yield failures and a
decrease in wheat production in the short term. These climate-
induced reductions coupled with population growth would result in

an increased demand for wheat imports. According to Fischer et al.

> Flash floods that occurred in Canada and Australia during 2010 resulted
in reducing their wheat production by 13.7% and 8.7%, respectively; this
further contributed to reductions in global wheat supplies (Werrell &
Femia 2013, p. 7)
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(2002), cereal imports by developing countries are projected to
increase by 10-40% by 2080. Smith et al. (2013) concluded that a
reduction of agricultural production in Egypt by 27% by 2060
would result in an increase in the agricultural imports by 49%. In
addition, the adverse impacts of projected climate change on wheat
production are expected to occur in major wheat producing
countries. This would eventually result in policy interventions by
applying export reductions and/or export bans to address increased
local consumption in these countries. Global wheat supplies would,
therefore, decrease and Egypt, being remarkably dependent on
wheat imports, would experience reduced wheat supplies from

abroad.

It must be noted that the projected climate change could result in
changes in the geographic distribution of wheat production in major
wheat exporters. Despite its projected impacts on the current wheat
cultivated areas, climate change could result in the emergence of
new areas of wheat cultivated areas since the climate of these areas
would become suitable for wheat production. This would,
therefore, offset the adverse impacts of projected climate change on
the current wheat cultivated areas in these countries by maintaining
the total wheat production as a result of new cultivated areas. For
instance, Russia, which is currently a major wheat exporter, is
characterized by the presence of significant unused land resources
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due to their unsuitability for crop production. The projected climate
change could result in migration of wheat production towards new
areas with more favourable climate for wheat production.
Schierhorn et al. (2014, p. 139) concluded that increasing crop
productivity and utilizing the abandoned land areas for wheat
production will likely increase Russia’s total wheat production by
0-32 million tonnes. This production increase could offset the
reduction in Russia’s wheat export supply induced by the adverse

impacts of projected climate change (Scherhorn 2014, p.139).

Conclusion

This paper has analysed the observed and projected impacts of
climate change on the trade in rice and wheat in Thailand and
Egypt, respectively. In order to reach this analysis, the impacts of
the change in the various climate parameters on production of both

crops in both countries were analysed.

Both countries have experienced an increase in the annual mean,
minimum, and maximum temperatures. Both crops have, therefore,
experienced heat stress resulting from observed elevations of
temperatures in both countries. Elevated temperatures have caused
yield reductions by reducing length of growing period of both crops

and by causing heat stress on both crops. In addition, elevated
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temperatures could result in reducing the suitability of lands in both
countries for the cultivation of both crops since temperature is a

major determinant of agro-ecological zones in both countries.

The major deltas in both countries, including the Chao Phraya
Delta in Thailand and the Nile Delta in Egypt, are additionally
vulnerable to the risks of sea-level rise. Consequently, the
cultivated areas of both crops, which are located at the coastal
zones of both deltas, are vulnerable to sea-level rise. Observed
levels of sea-level rise have resulted in rapid erosion of coasts of
both deltas. In addition, both crops have experienced salinity stress
caused by saline intrusion into the soils of the coastal zones of both

deltas.

Increased frequency and intensity of extreme weather events is
regarded as a major observed aspect of climate change in both
countries. The impacts of these events, however, were more evident
in Thailand as compared to Egypt. In a period of four years,
Thailand experienced two major extreme weather events, including
the 2011 flood and the 2015 drought. Consequently, the impacts of
increased frequency and intensity of extreme weather events were,
nevertheless, more evident on rice production in Thailand as
compared to their impacts on wheat production in Egypt. The

increased frequency and intensity of floods and droughts have
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adversely affected rice yields in Thailand. In contrast, the intensity
and frequency of heatwaves and sandstorms in Egypt did not

significantly influence wheat yields.

Climate change additionally intensifies water stress on both crops
by affecting the discharge of the major rivers in both countries,
including the Chao Phraya River and the River Nile. Changes in the
discharge of both rivers, which is induced by changes in
precipitation patterns, causes a limited supply of irrigation water for
the production of both crops. These impacts were more evident in
Thailand as compared to Egypt. During the 2015 drought, a
decreased discharge of the Chao Phraya River induced significant
reductions in water levels in the Chao Phraya Dam. Limited
availability of irrigation water in the Chao Phraya Delta prevented
farmers from production of the second rice crop. It must be noted
that the Chao Phraya River system exists entirely inside Thailand;
the River Nile, in contrast, is a trans-boundary system in Africa
where Egypt represents a downstream country of the Nile basin.
Consequently, the discharge of the Chao Phraya River depends on
precipitation patterns inside Thailand. In contrast, the discharge of
the River Nile depends on precipitation patterns in the Upper White

Nile and Blue Nile catchments.
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The observed impacts of climate change on Thailand’s exports of
rice have been evident in the seasonal fluctuations in the total
production of rice that occurred following the incidence of floods
and droughts. The 2011 floods, for instance, had resulted in
damages to the first rice crop, and consequently had reduced the
country’s rice export values in late 2011. In addition, the 2015
drought, which forced the farmers to postpone the production of a
second rice crop, is expected to reduce the country’s exports of

second rice in early and mid-2015.

Climate change could affect the size of Egypt's wheat imports
through its impacts on the import demand and export supply of
wheat. The observed impacts of climate change on the demand for
wheat imports in Egypt are currently insignificant if compared with
other factors, including population growth and the availability of
foreign currency reserves. The increased government intervention
in the wheat industry have mitigated the climate-induced impacts
on the country’s wheat production by encouraging the expansion of
wheat cultivated areas and increasing local wheat production. The
impacts of climate change on the supply of wheat exports have, in
contrast, been witnessed in the recent years. The increased
frequency and intensity of extreme weather events in major wheat-

exporting countries, including Russia, Ukraine, and China, resulted
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in reduced wheat supplies in the international markets followed by

decreased wheat imports to Egypt in 2010.

Projected climate change is expected to result in further adverse
impacts on the trade in both crops in both countries. A projected
increase in temperature, sea-level rise, and an increase in the
intensity and frequency of extreme weather events are expected to
cause damages to the production of both crops in both countries

and this would eventually influence the trade in both crops.
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