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Abstract: The COVID-19 pandemic and the outbreak of the locust plague in Pakistan have severely
impacted grain production and trade in South Asia, thereby posing serious threats to global grain
security. This study formulated a comprehensive analysis of crop yield and trade restrictions con-
sequent to the combined impact of COVID-19 and the locust plague with the GTAP model and
quantitatively simulated the characteristics and mechanisms of changes in the production and trade
patterns of major grain crops (paddy rice and wheat) in South Asia. Results indicate that COVID-19
and the locust plague affected global grain production and imports and exports to varying degrees.
Grain production was reduced by 15% and global trade shrank sharply, with total imports and exports
shrinking by 5.79% and 1.41%, respectively. This also led to international food prices changing signif-
icantly, which further influenced the food affordability and accessibility, especially for developing
countries that are heavily dependent on imports. Nepal, Sri Lanka, and Bangladesh were the regions
that experienced the highest rises in grain import prices, which caused the processed rice imports
of Sri Lanka, Nepal, Bhutan and Maldives, and Bangladesh to drop by 81%, 77%, 80%, and 89%,
respectively. Furthermore, the global grain trade patterns were also severely affected. South Asian
countries’ grain trade links with China, Europe, Africa, and Latin America were weakened. Grain
exports mainly converged in Africa, with Australia, the United States, and Latin America being the
main exporters. The findings of this paper are helpful to identify countries facing high grain security
risks and can shed light on policy measures to address the dual challenge for guaranteeing global
grain security in the post-epidemic era.

Keywords: COVID-19 pandemic; locust plague; South Asia; grain trade pattern; GTAP model

1. Introduction

Both food production and trade are important components of food security. Food
production strongly correlates with food trade where changes in food production will
lead to significant fluctuations and strong uncertainty in food trade, such as restrictive
food trade policies and exacerbating international food price fluctuations, which will affect
global food affordability and availability. The novel coronavirus (COVID-19) pandemic
has had far-reaching impacts on many aspects of daily life, including the global food trade.
With lockdowns, border closures, and disrupted supply chains, the pandemic has caused
significant disruptions to global food systems, affecting food production, distribution, and
trade [1]. As a result, countries around the world are grappling with issues such as food
insecurity, rising food prices, and reduced access to essential food products [2]. With more
than 1.9 billion people, South Asia is home to one-fourth of the world’s population and
has the highest number of people living in poverty. As an important region in global grain
production and trade, the Bangladesh–India–Myanmar region contributes one-third of the
global paddy rice yield [3]. India contributes 20% of the global paddy rice supply and 12%
of the global wheat supply. As the fourth largest paddy rice exporter, Pakistan contributes
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about 9.2% of global paddy rice exports [4]. The pandemic has caused disruptions in the
food supply chain, affecting the availability and affordability of food in South Asia. The
outbreak of the locust plague in Pakistan has exacerbated the existing challenges in the
food and agricultural sector in South Asia [5]. Because of the dual challenge of COVID-19
and the locust plague, some South Asian countries are expected to experience further
reductions in grain production and impose further restrictions on exports, thus severely
affecting global grain trade patterns and security [6]. As the pandemic continues to evolve,
it is essential to address the challenges facing South Asia’s food systems and understand
the extent of the COVID-19 impact on world food trade and the measures being taken to
address these challenges.

Natural disasters such as droughts, floods, hurricanes, earthquakes, and extreme weather
events pose a major challenge to global food security by causing sharp drops in crop yield
and supply [7,8]. For example, the 2011 floods in Thailand disrupted rice production, causing
a global rice shortage and increasing the price of rice by 25%. Similarly, the 2010 earthquake
in Haiti destroyed much of the country’s infrastructure, including ports and warehouses,
disrupting food imports and causing food prices to skyrocket. A considerable amount of
literature has been published to examine the impacts of natural disasters on world food
trade [9–11]. Cheng et al. [12] analyzed the threat posed by temperature anomalies on the
agriculture sector and found that the threat goes beyond agricultural production to all aspects
across food supply and demand channels, further amplifying volatility in food markets.
Vishwakarma et al. [13] analyzed the impact of extreme weather stress on global wheat
trade and suggested that the current international trade network should be enhanced by
considering the patterns of extreme weather stress to yield synchrony among countries.
Feng et al. [14] explored the impact of the Russia–Ukraine crisis on food security and trade
pattern with a structural general equilibrium trade model. Overall, these studies suggest
that natural disasters can have significant and far-reaching impacts on world food trade,
affecting both production and consumption patterns and leading to price volatility and supply
chain disruptions [8,11,15,16].

With the uncertainty of the COVID-19 pandemic, the evolution of grain production
and trade patterns has become fluctuant and unstable. There have been several studies
examining the impact of COVID-19 on world food trade since the outbreak of the pan-
demic in early 2020. Previous studies have reported how the pandemic has disrupted
global supply chains, affected trade flows and prices, and impacted food security [17–19].
Glauber et al. [6] found that the COVID-19 pandemic exacerbated the labor shortages world-
wide, and the logistical restrictions also escalated the reduction in grain yields. Several
studies also documented that the pandemic disrupted global food supply chains, causing
significant losses for farmers and processors, and led to reduced availability and increased
prices for food in many countries [19–21]. It has been noted that COVID-19 motivated some
countries to formulate restrictive policies on grain exports, which would reduce trade, ex-
acerbate the fluctuations in international grain prices [22], and destroy current global grain
trade patterns [23]. Recent evidence suggests that these restrictions have already affected
the global grain supply chain and caused great losses to developing countries that rely on
grain imports [24–26].

The GTAP (Global Trade Analysis Project) model is a widely used tool for analyzing
the impacts of international trade policies and economic developments on different sectors
of the economy. One of the key strengths of the GTAP model is its ability to capture the
complex interdependencies among different sectors of the economy, including agricul-
ture, manufacturing, and services [27]. This allows researchers to analyze the effects of
changes in food trade policies on a range of economic outcomes, including prices, out-
put, and employment. Moreover, the model is capable of simulating different scenarios,
which enables policymakers and researchers to assess the impacts of various policy op-
tions. The GTAP model has been widely used in analyzing the impacts of tariff policies,
trade restrictions, climate change, and infectious disease on global food trade [28–30].
Hoang et al. [31] used the GTAP model to analyze the impacts of trade policies on food
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security in developing countries and found that trade liberalization could have both posi-
tive and negative impacts on food security. Xie et al. [32] analyzed the regional and global
impact of the grain trade ban and found that it will end in an increase in global food prices
and a sharp drop in food trade. Guan et al. [33] simulated the impact of the strictness
and duration of the control measures on the economy during the epidemic period, and
found that the length of time for the implementation of prevention and control measures
will lead to different economic costs. Zhai et al. [34] uses the GTAP model to evaluate the
impact of grain export restrictions on world food security during the COVID-19 pandemic.
Studies also simulated how cooperation programs such as trade cooperation, production
cooperation, and prevention and control cooperation will help to better deal with the
COVID-19 pandemic [35,36]. Therefore, with flexibility, transparency, and openness, the
GTAP model has been widely used to analyze a variety of trade-related issues, allowing for
a comprehensive analysis of trade flows and their effects on different sectors and countries.

The COVID-19 pandemic has brought unprecedented challenges to the global food sys-
tem, and the evolution of the locust plague in Pakistan will exacerbate the vulnerabilities to
global food supply chains, thus affecting the global food security and trade [25]. Although
previous studies explored how the COVID-19 pandemic has affected grain trade patterns
or how the natural disasters will affect the grain production, the influence of COVID-19
pandemic stress and synchronous crop yield anomalies due to natural disasters such as the
locust plague on trade linkages among countries remains unexplored. Moreover, only a
few studies have probed into their combined impacts [37]. South Asia is one of the largest
contributors to the world’s paddy rice and wheat production; the COVID-19 pandemic and
the locust plague have severely affected the food production system and led to lockdown
and trade restrictions which have severely impacted the international grain trade and un-
dermined grain security. Considering the complex relationships between grain production
change and grain trade patterns in the context of the COVID-19 pandemic accompanied
by the locust plague, both have adversely and simultaneously affected global grain trade
patterns. This study focused on the changes in paddy rice and wheat production due to
the trade restrictions caused by COVID-19 and the locust plague in the South Asia. The
GTAP model was introduced to comprehensively and quantitatively analyze their effects
on grain production, prices, and trade patterns in South Asian countries. The purpose was
to identify countries facing high grain security risks, propose policy measures addressing
the dual challenge, and provide a scientific basis for guaranteeing global grain security in
the post-epidemic era.

2. Materials and Methods
2.1. Research Framework

In 2020, the impact of COVID-19 on the global grain supply and the destruction of
crop production by the locust plague posed serious threats to the grain trade patterns of
South Asian countries. The effects of the labor shortages and logistical restrictions caused
by COVID-19 on grain production were complicated by the locust plague sweeping some
South Asian countries. Moreover, the export restrictions imposed by the major grain-
producing countries in South Asia aggravated the damage caused by COVID-19 to the
supply of grain. The theoretical framework of the combined impacts of COVID-19 and
locust plague on grain trade patterns in South Asia is shown in Figure 1.

In the short term, the locust plague directly shocked grain production in some South
Asian countries, leading to large-scale crop losses for food producers. At the same time,
the COVID-19 outbreak resulted in labor shortages and logistical constraints, triggering a
secondary attack on grain production. Under the dual pressure, the policy of restricting
grain exports was able to secure domestic grain supplies to some extent, but caused do-
mestic grain prices to fall. Lower domestic grain prices reversely harmed the producers’
economic interests, resulted in reduced crop yields, and weakened incentives for agricul-
tural production. In the long run, trade restrictions blocked the channels of grain outflow
and hindered the necessary production inputs for producers, thus reducing the availability
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of grain markets. Although the final domestic price was lower than the international price
(after price increases), it was still higher than it would have been in the absence of trade
restrictions. For countries that relied on grain imports, the trade restrictions, risks, and
uncertainties of the international grain market, reduction in grain exports, and the reduced
grain supply in international grain markets led to panic purchases by grain importers and
increased demand for grain commodities. As a result, the import prices of grain commodi-
ties increased drastically and exacerbated grain insecurity for developing countries that
relied on grain imports.
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Figure 1. Theoretical framework to analyze combined impacts of COVID-19 and locust plague on
grain trade patterns in South Asia.

2.2. The GTAP Model

The GTAP model is a multi-country and multisector economic equilibrium model
developed by Purdue University in the United States. Being a comparative static analytical
model, it assumes that markets are perfectly competitive and that the returns to production
scale are constant [38]. The sub-models for the production, consumption, government
expenditures, and other economic behaviors were constructed for each country. These
sub-models were connected via the trade sector. The equilibrium between total supply and
total demand was achieved to maximize producer profits and consumer utilities, which
jointly determine the values of endogenous variables (prices, wages, etc.). The GTAP
database tracks reconciled bilateral trade data between countries. All countries are linked
together by commodity trading. The model can analyze the effects of different policies
on the production, price changes, GDP, and import and export trading of each sector in
each country.

In the model, the production structure is a nested constant elasticity of substitution
(CES) function (Figure 2). Each product is a combination of intermediate products and
factors of production. There are five types of production factors: land, capital, skilled
labor, unskilled labor, and natural resources. Intermediate products comprise domestic
and foreign products in the CES function, where different foreign products are aggregated
into a single imported product. For the factor market, the model allows flows of capital
and labor between production sectors, as well as the partial flow of land between crop
production sectors.
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Each country in the model has only one national account, which accumulates all tax
revenues and endowment incomes. The total income is distributed to private expendi-
tures, savings, and government expenditures via the Cobb–Douglas function. Private and
government expenditures are incorporated into a nonhomogeneous constant difference
elasticity (CDE) function and Cobb–Douglas function, respectively. The sub-utility function
of investment expenditures (total investment) is based on the Leontief effect parameter.
The total investment is derived from the identical equation between nominal investment
and savings, which are the sum of domestic savings and net capital inflows from foreign
economic entities. Then, the investment expenditures on composite commodities are de-
composed into the demands for domestic commodities and imported commodities by a
CES sub-utility preference function. The Cobb–Douglas equation has the following form:

U = AXαY1−α, (1)

where U is utility, A is the technology level parameter, X and Y are products, and α denotes
the share of X gained in U.

There are two international sectors, which are the international bank and the interna-
tional transport sector, in the GTAP model. The savings of various countries are aggregated
into the international bank and distributed among countries according to the return on
invested capital (ROIC). The international transport sector is mainly responsible for trans-
porting products between regions, striking a balance among cost, insurance and freight
(CIF), and free on board (FOB), while linking up countries around the world through
bilateral trade.

The GTAP model uses a series of price equations to connect various regions and
departments around the world:

P f ob = Px(1 + tx), (2)

Pci f = P f ob + c, (3)

Pm = Pci f (1 + tm), (4)

where P f ob is the FOB price, Pci f is the CIF price, Px is the domestic market price of the
export countries, Pm is the domestic market price of the import countries, tx is the export
tariff, tm is the import tariff, and c is the iceberg cost in international trade.

In the GTAP model, due to production reduction and trade restrictions, the domestic
price of grain and the imposing tariffs will increase, leading to an uncertain demand and
supply of the grain trade. This study performed a simulation using data from 2014 as the
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benchmark year in the GTAP Model Version 10 Database [39] and quantitatively analyzed
the combined effects of COVID-19 and the locust plague on grain production, prices, and
trade patterns in South Asian countries.

2.3. Model Specification

Driven by multiple factors of grain production and trade policies, grain trade patterns
in South Asia are constantly evolving. Their evolution is closely related to national grain
security. Affected by the global pandemic, India, Myanmar, Pakistan, and Bangladesh
imposed restrictions on processed rice exports to all countries in the world. The locust
plague of Pakistan has invaded 38% of the land and reduced wheat production by 15% [40].
South Asia as a whole has a sound crop growth status, and some South Asian countries have
seen increases in grain yields. The wheat yield of India in 2020 was about 4% more than
that in 2019. The wheat yields of Bhutan and Nepal also have been increasing, but those of
Bangladesh and Myanmar in 2020 were almost the same as those in 2019 [2]. This study
constructed a comprehensive scenario analysis of crop yields and trade restrictions affected
by COVID-19 and the locust plague considering the grain production status in South Asia
countries. Specifically, for paddy rice and wheat, Pakistan saw a 20% reduction in crop
yield, but India, Bhutan, and Nepal reported increases of 10%, 5%, and 5%, respectively,
while the crop yields of Myanmar and Bangladesh remained unchanged. Furthermore,
India, Pakistan, Myanmar, and Bangladesh restricted their exports of these crops. The
specific scenarios were defined and the GTAP model parameters were quantified as shown
in Table 1.

Table 1. Parameter assignment of scenarios.

Scenarios India Myanmar Pakistan Bangladesh Nepal Bhutan

Grain production +10% No change −20% No change 5% 5%

Grain exports Restrictions Restrictions Restrictions Restrictions No change No change

The GTAP database (Version 10) covers 121 countries and 65 aggregate regions of
the world for each reference year [39]. The dimensionally large input–output tables and
the detailed trade and investment information make the GTAP model capable of tackling
any regional setting or aggregation level, while keeping the size of the intertemporal
model manageable. In this study, the 121 countries were merged into 23 regional sets, and
65 production sectors were merged into 20 industrial sectors, as shown in Table 2.

Table 2. Regional sets and industrial sectors in GTAP database (Version 10).

Sets Members

Regional sets

China, India, Myanmar, Bangladesh, Nepal, Bhutan and Maldives, Pakistan,
Japan, Thailand, Vietnam, South Korea, United States, Russia, Australia and

New Zealand, East Asia, Southeast Asia, Sri Lanka, North America, Latin
America, Europe, Central, Eastern, and Northern Africa, sub-Saharan Africa,

other countries and regions

Industrial sectors

Paddy rice, processed rice, wheat, other grains, other foods, trade, other animal
products, beverages and tobacco products, chemical products, oil, coal products,
other business services, other financial services, power production and supply,

construction, transport, agriculture, forestry and fishery, manufacturing,
other service sectors
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3. Results and Discussion
3.1. Changes in the Scale of Grain Trade

Only India, Myanmar, Bangladesh, Pakistan, and Nepal saw declines in paddy rice,
processed rice, and wheat exports, whereas other regions in the world all experienced increases
in grain exports. There were regional differences in the intensity of changes (Figure 3a). India,
Myanmar, Bangladesh, and Pakistan imposed restrictions on grain exports, which led to a
sharp shrinkage in their exports. Nepal was highly dependent on grain imports from India;
thus, India’s restrictions on grain exports caused a reduction in Nepal’s grain imports and the
decline in the domestic grain supply led to a rise in domestic grain prices [41]. The domestic
prices of paddy rice, processed rice, and wheat rose by 9.94%, 10.56%, and 7.48%, respectively
(Figure 4). The rise in domestic grain prices further weakened the competitiveness of its grain
exports on the international grain market and decreased its paddy rice, processed rice, and
wheat exports by 33.00%, 15.39%, and 58.90%, respectively (Table S1). In contrast, Bhutan’s
increase in grain yield ensured a sufficient supply of domestic grain, and the drop in its
domestic grain prices strengthened its comparative advantages in grain export. Its paddy
rice, processed rice, and wheat exports increased by 44.11%, 71.60%, and 47.08%, respectively.
In addition, the processed rice exports of the United States, Europe, and China increased by
101%, 62%, and 41%, respectively, while their paddy rice exports increased by 2%, 16%, and
40%, respectively (Table S1).
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All South Asian countries, except Pakistan, saw a significant decline in grain imports
(Figure 3b). The restrictive policies on grain exports led to a reduction in the international
grain supply and aggravated the upward pressure on international grain prices [42]. The
paddy rice and wheat import prices of Nepal, Bhutan, the Maldives, Bangladesh, Sri Lanka,
and other countries increased sharply. For instance, the paddy rice, processed rice, and
wheat import prices of Nepal increased by 162%, 121%, and 44%, respectively (Figure 4,
Table S2). The general rise in grain import prices led to reduced grain imports. The paddy
rice and processed rice imports of Sri Lanka, Nepal, Bhutan and Maldives, and Bangladesh
dropped significantly. Their processed rice imports dropped by 81%, 77%, 80%, and 89%,
respectively. In contrast, Pakistan experienced a reduction in domestic grain yield due
to the locust plague. Thus, the reduced domestic supply led to a surge in demand for
imports [43]. The paddy rice, processed rice, and wheat imports of Pakistan increased by
44%, 42%, and 438%, respectively.

3.2. Changes in Grain Trade Patterns

As can be seen from the changes in the grain exports of the major regions (Figure 5a–c),
COVID-19 and the locust plague greatly affected global grain trade patterns in 2020. The
trade links of South Asian countries with China, Europe, Africa, and Latin America were
weakened while global grain exports mainly converged in Africa. Moreover, the scale of
the grain trade declined among South Asian countries. After India imposed restrictions
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on paddy rice and wheat exports, its paddy rice exports to Nepal declined markedly by
46.67%, and its wheat exports to Bangladesh declined by 31.28%. The substantial rise in the
domestic grain prices of Pakistan further weakened the competitiveness of its grain exports,
thus reducing the export volumes. Pakistan’s wheat exports to Bhutan declined markedly
by 68.25%. The restrictions on grain exports imposed by some countries in South Asia
(an important region in global grain production and trade) accelerated the adjustments
of grain trade patterns by other regions. Myanmar’s paddy rice exports to China and
processed rice exports to Europe declined markedly by 78.28% and 33.39%, respectively.
The processed rice exports of India, Pakistan, and Bangladesh to the Central, Eastern,
and Northern African region decreased by 51.95%, 26.99%, and 25.15%, respectively. The
wheat exports of India to the same region decreased by 34.54%, and the wheat exports
of Bangladesh to Latin America declined markedly by 84.73%. Not receiving the same
volume of grain exports from South Asia as before, Africa began to import grain from
other regions; thus, the processed rice exports from Australia, the United States, and Latin
America to the African region increased by 144.98%, 88.36%, and 76.56%, respectively. In
contrast, the increases in the grain yields of Bhutan and the Maldives led to lower domestic
grain prices, which heightened their competitiveness in the international grain market.
Their paddy rice exports to Europe and wheat exports to Central, Eastern, and Northern
Africa increased by 19.50% and 23.26%, respectively. The export restrictions imposed
by some countries because of COVID-19 disrupted the trade flows of staple food grains
such as paddy rice and wheat [44], affected the sustainability of the supply chain between
major grain importers and exporters [30], and weakened the intensity of trade between
South Asian countries. Such restrictions also significantly and negatively affected the grain
exports of China, Africa, Europe, Latin America, and other regions.

The changes in the grain imports of the major regions (Figure 5d–f) shifted the focus
of global grain imports to the United States, China, and Russia. The grain imports of South
Asia were significantly affected by COVID-19 and the locust plague. A substantial rise in
grain imports was observed only in Pakistan, whereas the other countries had shrinking
grain imports. Sri Lanka, Nepal, and Bangladesh were highly dependent on grain imports
from India [45,46]; thus, India’s restrictions on grain exports weakened the intensity of
their grain trade. The paddy rice imports of Sri Lanka and Nepal from India declined
significantly by 97.31% and 91.62%, respectively. The processed rice imports of Nepal
and Bangladesh from India declined by 80.01% and 86.28%, respectively, and their wheat
imports from India declined by 65.83% and 48.10%, respectively. The domestic paddy rice
and processed rice prices of Pakistan rose more than those of other regions in the world;
hence, Pakistan’s competitiveness in grain exports further weakened. It is worth noting that
Bhutan’s paddy rice and Pakistan’s processed rice imports declined markedly by 58.05%
and 74.45%, respectively. The locust plague also severely affected the domestic grain yield
of Pakistan, whose rise in domestic grain prices relative to the prices of imported grain
weakened its comparative advantages in domestic grain production. Hence, consumers
and producers in the domestic grain production and processing industry began to utilize
imported grain instead of domestic grain. Consequently, Pakistan increased its wheat
imports from Russia by 138.60%, paddy rice imports from China by 45.36%, and processed
rice imports from the United States by 36.97%.

3.3. Discussion

The COVID-19 pandemic and the constant outbreak of natural disasters or geopolitical
conflicts have made the international situation more uncertain and complex. This has led
to pessimistic expectations of future food supply and panic hoarding of food around the
world. Affected by this, international food prices have increased significantly and further
destabilized the international agricultural product market. As a result of the uncertainties
induced by COVID-19 and the locust plague, some South Asian countries have taken
restrictive measures on international flows, thereby intensifying the deglobalization trend,
severely impacting the international grain trade, and undermining grain security [45,47].
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This study analyzed the combined impact of COVID-19 and the locust plague on the
grain trade patterns of South Asian countries in 2020. The results showed that grain
supply interruptions and grain price increases in South Asian countries were particularly
prominent and seriously threatening to their national grain security.
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South Asia is an important region in global grain production and trade. Its restrictive
policies on grain exports have led to a reduction in the international grain supply and
aggravated the upward pressure on international grain prices in developing countries,
such as Nepal, Sri Lanka, and Bangladesh, that rely on grain imports. Countries such as
Nepal and Sri Lanka are highly dependent on processed rice imports from India and are
vulnerable to the effects of export restrictions imposed by India because such restrictions
would directly affect their domestic grain supplies and lead to fluctuations in their domestic
grain prices. To cope with these consequences, South Asian countries require regional
and global cooperation. Firstly, the role of the South Asian Association for Regional
Cooperation (SAARC) Food Bank should be strengthened [48] to provide grain reserves
and buffers, as well as guarantee to the regional grain security, in the short term. Secondly,
active efforts should be made to achieve legally effective trade agreements with grain
exporters to overcome grain trade barriers in order to maintain long-term, stable grain
trade relations [49]. Therefore, efforts should be made to expand import channels and
avoid dependence on imports from individual countries in order to enhance the stability of
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national grain trades, guarantee uninterrupted supply chains of staple food grains, and
guard against grain shortages and soaring prices [45].

In addition, it is necessary to strengthen mutual assistance and cooperation with coun-
tries outside the region in the whole agricultural chain, including production, consumption,
reserving and trading. For example, the national grain reserve system in South Asian
countries should be improved to alleviate the impacts of emergencies such as COVID-19
and the locust plague on domestic grain supplies. Although there are established national
grain reserve systems in some South Asia countries, such as the Food Corporation of
India in India and the Pakistan Agricultural Storage and Services Corporation in Pakistan,
the quality of storage facilities and the management of the stocks have been a cause of
concern. Other countries in South Asia, such as Nepal, Sri Lanka, and Bhutan, do not have
well-established national grain reserve systems, and the countries rely heavily on imports
to meet their food requirements.

Locusts are known to be one of the most destructive pests for crops, and the current
outbreak in Pakistan has resulted in a significant decrease in agricultural yields [50]. Ac-
cording to reports, the locust in Pakistan resulted in a loss of approximately 40% of the
wheat crop in some areas, while, in other regions, the yield losses were as high as 70% [40].
The locust plague in Pakistan has not only affected the country’s grain production and
trade but has also had a significant impact on South Asia’s overall grain production and
trade. Pakistan is a significant exporter of wheat, and the decrease in production has led
to a decrease in exports. This has resulted in a shortage of wheat supply in the region,
leading to higher wheat prices in neighboring countries such as Afghanistan, India, and
Bangladesh. The long-term effects of the outbreak are yet to be seen, but it is clear that
efforts must be made to control the locust population and prevent future infestations to
safeguard the region’s food security. For Pakistan, it is necessary to engage in the China–
Pakistan Economic Corridor initiative and cooperate with China in establishing an expert
group to provide technical support for closely tracking and monitoring the locust plague in
targeted regional prevention in order to control the plague’s effects on grain production
and guarantee national grain security.

4. Conclusions

The outbreak of locusts has caused extensive crop losses in affected areas, which
has seriously damaged food production. At the same time, labor shortages and logistical
constraints under the COVID-19 epidemic led to a decline in food production. South Asia is
one of the largest contributors to world’s paddy rice and wheat production. The COVID-19
pandemic and the locust plague have severely affected the food production system and led
to lockdown and trade restrictions, thereby intensifying the deglobalization trend, severely
impacting the international grain trade, and undermining grain security. Our study focused
on the food trade issue in the context of paddy rice and wheat production reduction in South
Asia caused by COVID-19 epidemic and locusts plague, which significantly exacerbated the
vulnerabilities to global food supply chains. This study formulated a scenario of paddy rice
and wheat yields with trade restrictions imposed in response to the combined impact of
COVID-19 and the locust plague in 2020, and then applied the GTAP model to investigate
the characteristics and mechanisms of changes in the grain trade patterns of South Asia.

In this research, the grain production, grain imports and exports, and domestic and
trade prices were comprehensively analyzed. As for grain production, we found that the
locust plague of Pakistan has invaded 38% of the land and reduced wheat production
by 15%. The overlaid restrictive policies on grain exports during COVID-19 have led to
a reduction in the international grain supply and aggravated the upward pressure on
international grain prices. Global grain imports and exports have been affected to varying
degrees. After India, Myanmar, Bangladesh, and Pakistan imposed restrictions on their
grain exports, and global trade shrank sharply, with total imports and exports shrinking
by 5.79% and 1.41%, respectively. This also led to international food prices changing
significantly. For instance, the paddy rice, processed rice, and wheat import prices of Nepal
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increased by 162%, 121%, and 44%. The increased food price will significantly influence
the food affordability and accessibility, especially for developing countries that are heavily
dependent on imports. Nepal, Sri Lanka, and Bangladesh saw substantial rises in the
import prices of grain (especially processed rice, whose import prices rose more than 100%)
and were among the regions that saw the highest rise in grain import prices. The general
rise in grain import prices led to a reduction in grain imports. The processed rice imports of
Sri Lanka, Nepal, Bhutan and Maldives, and Bangladesh dropped by 81%, 77%, 80%, and
89%, respectively. Because of the severe impact of the locust plague, Pakistan experienced
a reduction in domestic grain yield, which further reduced its domestic supply and led to a
surge in imports.

The effects of COVID-19 and the locust plague on the supply chain caused a shortage
of staple food grains in vulnerable countries and harmed the grain trade relations of the
world, thus accelerating the adjustments of global trade patterns. South Asia’s trade
links with China, Europe, Africa, and Latin America were weakened; hence, global grain
exports have mainly converged in Africa. The processed rice exports from Australia, the
United States, and Latin America to the Central, Eastern, and Northern Africa increased
by 144.98%, 88.36%, and 76.56%, respectively. The changes in the grain imports of South
Asia were significantly impacted by COVID-19 and the locust plague. A substantial rise
in grain imports was observed only in Pakistan, whereas reduced grain imports were
observed in other countries. Because of the severe impact of the locust plague, Pakistan
saw a substantial rise in wheat imports from Russia by 138.60%, paddy rice imports from
China by 45.36%, and processed rice imports from the United States by 36.97%.

The outbreak and spread of COVID-19 and the locust plague are highly uncertain.
This study probed into the combined impacts COVID-19 pandemic stress and synchronous
crop yield anomalies due to natural disasters such as the locust plague on food production
and trade which were rarely discussed in previous studies. By analyzing the combined
impacts of COVID-19 and the locust plague on grain production, prices, and trade patterns
in South Asian countries, we can identify the bottleneck factors restricting grain security
and provide a scientific basis for formulating strategies to guarantee global grain security.
The main limitation of this research is that the scenario design was mainly focused on
production change and export restriction, which was the main influence of COVID-19 and
the locust plague. However, many other factors such as inflation or geopolitical conflicts
that can influence the trade patterns were not considered in our study. Therefore, more
comprehensive and refined scenario simulations are needed in the future.
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