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Abstract: The pattern of international agricultural trade is undergoing profound changes. The
influence of country risks on the international agricultural trade pattern is prominent. In this paper,
we comprehensively analyze the international agricultural trade patterns and explore the influence
of country risks on them. Specifically, we first construct an international agricultural trade network
(IATN) based on complex network theory. Second, we analyze each country’s diversity of import
sources and the position of countries in the IATN using the Herfindahl-Hirschman Index (HHI)
and network indicators, such as in-degree, out-degree, weighted in-degree, weighted out-degree,
and betweenness centrality. Third, this paper explores the influence of different types of country
risks, including economic risk and political risk, on international agricultural trade patterns using
the panel regression method. The results show that countries played different roles and occupied
different positions in the international agricultural trade pattern; notably, the United States occupied
a core position, while Japan and Mexico had insufficient diversity in import sources. Moreover,
based on the panel regression method, we find that political risks have a positive impact on the
agricultural trade pattern, while an unstable economic environment could inhibit the agricultural
trade pattern in various countries. This study could provide references for countries to implement
agricultural trade policies regarding country risks to ensure stable agricultural trade relations and
national food security.

Keywords: agricultural trade; trade pattern; country risk; complex network method; panel data model

1. Introduction

The complicated international trade relations have been widely studied from a network
perspective [1,2]. Agricultural products are one of the most important bulk commodities
in international trade. In 2020, the international trade volume of agricultural products
reached 6.3 trillion dollars, accounting for about 9.1 percent of international trade. With the
globalization of economic development, an increasing number of countries have joined the
international agricultural market, forming a complex trading network [3,4]. The position
and role of each country in the agricultural trade network are different. For example, the
United States exports a large number of agricultural products and has many trading part-
ners due to its large amount of arable land area and technological advantages, while some
countries must rely on imports to meet their domestic needs. In this complex agricultural
trading network, the factors that determine agricultural trade patterns have attracted the
attention of many scholars [5-8]. The political landscape of the world is unstable and
in turmoil, and the economic development of countries was seriously hindered due to
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financial and economic crises, such as the 2008 financial crisis, the European debt crisis,
and COVID-19. Political and economic risks severely impede agricultural production and
trade relations among countries, leading to high risks of world food security. Therefore, a
better understanding of agricultural trade patterns and the influence of country risks on
them can help countries implement agricultural trade policies to ensure stable agricultural
trade relations and national food security.

The existing literature on agricultural trade has focused on the following three aspects.
Firstly, many scholars studied the agricultural trade patterns of individual countries [9-11].
On the one hand, some scholars analyzed the changes in agricultural product trade before
and after the occurrence of particular events in specific countries. For example, some
researchers proved that, after China joined the WTO and South Korea implemented the
FTA, their agricultural trade volume increased significantly [12,13]. On the other hand,
some scholars identified the factors that affect a country’s agricultural trade [14,15], such as
GDP [16] agricultural policy [17,18], and agricultural factor endowment [19,20].

Secondly, bilateral trade relations in agricultural products and their influencing factors
have been examined [21-23]. For example, Zheng and Qi [24] found that there existed great
potential for more agricultural trade between China and the United States and that positive
and effective trade policies could maximize agricultural trade development for the mutual
benefit of both countries. Researchers argued that GDP has a positive effect on agricultural
trade, while the distance between two countries has a negative effect [25-27].

Thirdly, to study the multilateral relation among countries, researchers used the
network analysis method and constructed global or regional agricultural trade networks
with countries as nodes and trade relations as edges. In the network, the trade volume
between countries represents the weight of the edge [4]. On the one hand, based on the
network analysis method, the structure and evolution of the international agricultural trade
pattern [28] and the position of the country in the network [29] were analyzed [30,31]. The
countries were divided into three communities according to the “core—periphery” structure,
and international agricultural trade exhibits a diversified and multipolar development
trend [32]. Furthermore, researchers confirmed that the US, EU, and ASEAN ranked highly
in the centrality and position in the agricultural trade network [33]. On the other hand,
scholars have paid more attention to the formation mechanism of agricultural trade, such
as agricultural resource endowment, spatial distance, economic scale, degree of trade
facilitation, and external factors [34-36].

The existing literature has conducted profound analyses of agricultural trade patterns
and evolutionary trends by complex network methods, but there are still two aspects that
need to be improved. On the one hand, the status of each country in the network can still be
further studied. Existing researchers typically used a single network indicator to describe
the role of countries, such as the number of import partners (in-degree) and the volume of
import trade (weighted in-degree). However, a single complex network indicator cannot
comprehensively capture the trade status of a country. For example, country A only has
one agricultural import partner named country C, while country B has 50 agricultural
import partners, including country C. However, almost all the agricultural products of
country B are imported from country C. If country C cuts off trade with countries A and
B, the agricultural product supply of both countries A and B will suffer a huge impact
no matter how many import partners they have. Thus, it is one-sided to analyze trade
import risk or trade diversity by considering only the number of import partners or trade
volume of a country. Therefore, in this paper, based on the use of complex network
indicators to describe the status and evolution of each country in the agricultural trade
network, we combine import partners and import trade volume and use the Herfindahl-
Hirschman Index (HHI) to reflect the diversification import sources of countries. On
the other hand, existing studies neglected that country risks are inevitable factors when
agricultural products are traded between countries. In fact, the trading relationships of
agricultural importers and exporters are easily affected by country risks, such as the 2008
financial crisis and the COVID-19 pandemic. Therefore, to comprehensively discuss the
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impact of country risks on agricultural trade patterns, we choose to study different types
of country risk (political risk and economic risk) from those described in the International
Country Risk Guide (ICRG) [37].

In this paper, we establish an international agricultural trade network (IATN) from
1996 to 2019. The HHI is used to measure the diversity of import sources, while the
number of trading partners, trade volume, intermediary centrality, closeness centrality, and
eigenvector centrality are used to explore the patterns of and roles played in agricultural
trade. Finally, we combine the HHI and network indicators as dependent variables to
explore the impact of country risks on agricultural trade patterns based on the panel
regression method. The results show that country risks can significantly affect agricultural
trade patterns.

The rest of the paper is arranged as follows. Section 2 introduces the data and methods.
Section 3 discusses the empirical results. Section 4 describes the conclusion and policy
implications.

2. Materials and Methods
2.1. Data

There has been no clear international definition of agricultural produce until now, and
the definition of agricultural products varies greatly between countries. We use “cereals”
as a proxy variable for agricultural products because cereals describe the major food crops,
including coarse grains, rice, and wheat. Therefore, the agricultural trade data from 1996 to
2019 are obtained from the United Nations Commodity Trade Statistics Database. The data
set is comprised of trade flow data from 226 countries. The HS code is 10 and the category
is cereals, including wheat, oats, corn, rice sorghum, and other grains.

The country risks data, which include political risk and economic risk, come from the
ICRG. Due to limitations on data availability, this paper uses the data from 1996 to 2017.
The political risk index has 12 subindices, including government stability, socioeconomic
conditions, investment profile, internal conflicts, external conflicts, corruption, political
and military affairs, religious tensions, legal order, ethnic tensions, degrees of democracy,
degrees of bureaucracy, and economic risks. The economic risk index has 5 subindices,
namely per capita GDP, real GDP growth, inflation rate, budget balance as a percentage of
GDP, and current account as a percentage of GDP. Therefore, Equations (1) and (2) are used
in this paper to calculate the political risk index and the economic risk index. The larger
the value of the risk index, the higher the risk of the country.

PolRisk; = Z}il(maxPOZRiskj — PolRisk;;), (1)

EcoRisk; = Z?Zl(maxEcoRiskj — EcoRisk;;), )

where PolRisk; is the subindex of political risk j of country i, maxPolRisk; is the maximum
value of the subindex of political risk j, EcoRisk; is the subindex of economic risk j of
country i, and maxEcoRisk; is the maximum value of subindex of the economic risk j.

We select exchange rate, GDP, and cultivated land area as control variables. The data
from 1996 to 2017 are downloaded from the World Bank database.

2.2. Method
2.2.1. The IATN Model

In this study, we construct an IATN model based on complex network theory. A
complex system can be abstractly depicted by a complex network comprised of nodes and
edges. In the IATN, nodes represent countries, edges represent trade relations, and the
direction of the edges is the trade flows. The weights of the edges denote the volume of
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agricultural trade. Therefore, IATN is directional and weighted. The IATN of the network
matrix is defined by Equation (3):

T0 e e A‘f]. S AT
AS AL AR
i in
IATN = (Vcountriesr Atrade flows) = . . . . . . ’ (3)
[ A e AL 0

where a represents the year. Viounries is the node set, Apge f1ows 1S the edge set, 1 is the
number of countries, and Af j represents the trade volume of agricultural products exported
from country i to country j in year a. Figure 1 shows the agricultural trade network in 2019.

Figure 1. The agricultural trade network in 2019.

2.2.2. Structural Parameters of the IATN

This article uses five structural parameters of the IATN and HHI to measure the trade
patterns of different countries.

1. Number of trading partners in agricultural products:

In the IATN, the degree of a country reflects the number of direct trade connections
that the country possesses. The degree is the sum of the in-degree (ID) and the out-degree
(OD). Among them, in-degree represents the number of countries from which country
i imports and the value of out-degree represents the number of countries to which country
i exports. These indicators are calculated as follows:

N

ID; = Zj:1 aji, 4
N

OD; =),y aij, ®)

Degree; = ID; + OD;, (6)
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where N is the total number of nodes in the network. When country i imports agricultural
products from country j, a;; = 1, which indicates that there is a connection from country i to
country j. Otherwise, a;; = 0.

2. Trade volumes of agricultural products:

The weighted degree (WD) of country i reflects the total trade volume of the country
in the international agricultural trade network. This indicator can also be divided into
two sub-indicators, namely weighted in-degree (WI) and weighted out-degree (WO). The
weighted degree is the sum of the weighted in-degree and the weighted out-degree. The
value of the weighted in-degree of country i represents its total import value from all the
other countries, and the value of the weighted out-degree of country i represents its total
export volume to all the other countries. The formulas are as follows:

N

WIi =),y Aij, @)
N

WD; =) i Ajiv 8)

WD; =WI;+ WD;, 9)

where A;; represents the total amount of imports from country j to country i, and Aj;
represents the total amount of exports from country i to country j.

3.  Herfindahl-Hirschman Index (HHI):

We construct the HHI [38] to reflect the diversification of the sources of imported agri-
cultural products of country i, which is defined as HHI;. HHI can describe the dispersion
and diversity of import sources of country i in IATN. The HHI of country i is calculated
as follows:

maL = YN (i ’ 10
=Y WI; )’ 10

where A;; is the trade volume of agricultural products imported by country i from country j,
W1; is the weighted import degree of country i, namely the total import volume of agricul-
tural products of country i. The range of HHI is (0, 1]. The smaller the HHI is, the more
dispersion and diversity present in a country’s trade. When country i has only one source
for agricultural trade, the HHI takes the maximum value of 1.

4.  The intermediary capacity of countries in the IATN:

Betweenness centrality (BC) reflects the power of a country as a bridge in the net-
work. BC represents the ratio of the number of shortest paths through the country to the
number of all possible paths. We use betweenness centrality [39] to measure the ability of
intermediaries, which is defined as BC;.

nn 8jk\l) . ..
BCi:ZjZkg;]i),];ék;éz,]<k, (1)
where i, j, and k represent different countries, gji is the number of shortest paths between
country j and k, and gjx (i) is the number of shortest paths between nodes j and k through
country i. The larger BC; is, the more prominent the role of country i as a bridge is, and,
the more central the network position is, the more this country can control the agricultural
trade relations among other countries. As shown in Figure 2, if countries 1, 2, 3, and 4
want to trade agricultural products with countries 6, 7, 8, and 9, they must pass through
country 5; thus, country 5 controls the transmission among other countries and has a high
intermediary ability.
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Figure 2. A sample model of IATN.

5. The closeness centrality of countries in the JATN:

Closeness centrality (CC) measures the sum of the length of the path of a country
when establishing contact with other countries, and it reflects the country’s distance from
other countries in the network. Moreover, this indicator reflects the resource anti-control
ability of the international trade network [37].

1
R VRN i
In Equation (12), d(i, j) represents the shortest path length between country i and
country j (this path is the partnership generated by agricultural trade). CC; describes the
path length when country i establishes agricultural trade relations with other countries.
The larger the value, the shorter the path length when country i establishes agricultural
trade relations with other countries, and the easier it is to trade within the network.

6.  The eigenvector centrality of countries in the IATN:

Eigenvector centrality (EC) reflects the relationship between a country and other
important countries in the network. If a country establishes a relationship with a country
that has a central position in the network, then the value of its eigenvector centrality
will increase [37].

1
EC; = T Z]eNi AjEC;. (13)

In the above equation, A is a constant, N; represents the set of nodes that have a
relationship with country i, and A;; represents the trade volume from country i to country
J- EC; describes the relationship between country i and important countries in the network.
The larger the value, the stronger the agricultural trade links with important countries, and
the more stable the trade is.

2.3. The Establishment of the Regression Model

This article explores the impact of country risks on agricultural trade patterns, includ-
ing HHI, degree, weighted degree, betweenness centrality, closeness centrality, and eigen-
vector centrality. Due to limitations on the availability of data, a panel regression model is
established based on 1996-2017 data from 127 countries. The model is as Equation (14).

Yit = B1GDP + BaRate + B3Field + BaPolRisk + BsEcoRisk + A; + ujy, (14)

where t represents the year. The dependent variable, Yj;, refers to the trade network
indicators of country i in year ¢, including degree, weighted degree, HHI, betweenness
centrality, closeness centrality, and eigenvector centrality, respectively. The independent
variables include political risk and economic risk, and the control variables are GDP, the
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exchange rate (Rate), and cultivated land area (Field). B4, ... , B5 are regression coefficients,
A; is the constant item related to the country, and u;; is the random variable.

3. Results and Discussion
3.1. International Agricultural Trade Pattern

In this study, we construct an IATN from 1996 to 2019. Analyzing the evolution of
network topology features will help us understand the patterns in the agricultural trade
and the degree of participation of each country in international agricultural trade.

3.1.1. The Number of Trade Partners and Trade Relationships

The evolution of the number of points and edges over time is shown in Figure 3.
First, we analyze the number of countries in the IATN. Between 1996 and 2019, 202 to 226
countries were involved in agricultural trade. After 2000, the number of countries stabilized.
Second, over this period, the number of trade relations in the IATN sustained an upward
trend, with slight fluctuations. After 2016, trade relations gradually stabilized. Thus,
while the number of countries remained unchanged, the number of edges continued to
increase, which means that, before 2015, international agricultural trade relations gradually
became more complex as more countries participated in international agricultural trade
and established new partners. However, the international agricultural trade structure was
stable and the partnerships among countries did not change significantly.

250 8000
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E 6000 £
S =
6 150 %
s 4000 =
e 11
2100 =]
E =
2000 =
£ 50 Countries -qlé
5 —4&— Trade Relationships 0 2

1995 2000 2005 2010 2015 2020

Year

Figure 3. Evolution of the number of trade partners and trade relations.

Figure 3 shows only the overall evolutionary trend of the number of import partners
in international agricultural trade and thus cannot reflect the specific situation of each
country. Therefore, this paper extracted the top 10 countries in terms of the number of
import partners in agricultural trade, as shown in Figure 4. The top 10 countries are
mostly from North America and Europe. From 1996 to 1999, Germany had the greatest
number of import relationships. However, from 2000 to 2008, the United States topped
the list. Between 2009 and 2016, the country with the most import relationships alternated
between the Netherlands, the United States, and Germany. Because of its developed
food processing industry, France generated demand for a variety of agricultural products
and was the country with the greatest number of import partners from 2017 to 2019.
Due to the large demand for food and the subsequent import demand for a variety of
agricultural products, some countries with rich import partners had the ability to anti-
control agricultural resources, such as the United States, Germany, the Netherlands, France,
etc., even though their agriculture was relatively developed.
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Figure 4. The top 10 countries in terms of the number of import partners over the years.

We also identify the 10 countries with the largest number of export partners; the
evolution of countries and their rankings are shown in Figure 5. We find an interesting
phenomenon in which some countries with many import partners also have a high number
of export partners. More specifically, the United States, which ranked first in the number
of import partners, also ranked first in the number of export partners during the whole
observation period. The United States is the largest agricultural exporter in the world, and
its advanced agricultural production, harvesting technology, and a high degree of mecha-
nization sustained its top position in the number of export relationships for a long time.
From 1999 to 2018, Thailand occupied second place in the number of export relationships,
while China and India also remained in the top five for a sustained period.

Ranking
0 NN B W N -

10 - —t—tt ¥ A
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year
—t—USA =~ [ndia Italy France
== China —8— Canada == Argentina Tailand
— (Germany === Pakistan

Figure 5. The top 10 countries in terms of the number of export partners over the years.

3.1.2. The Diversity of Import Source

HHI is an index that represents the diversity of import sources. When a country im-
ports agricultural products from more countries, its import trade becomes more diversified
and, therefore, more stable. As this process occurs, the HHI of the country will decrease.
Figure 6 shows the relationship between HHI and import volume for each country. Due to
limitations in space, only six years of data (1996, 2000, 2005, 2010, 2015, and 2019) are shown
in the scatter plots here. Some countries, such as Japan, Mexico, and South Korea, had large
but concentrated import trade volumes. These countries imported a large proportion of
their total import volume of trade in agricultural products from one country. For example,
Japan and Mexico imported more than 50% of their total imports of agricultural products
from the United States. If the United States were to cut import links for some reason,
the supply of agricultural products in Japan and Mexico would be severely impacted.
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Therefore, in light of the risks of shipping and natural disasters, to ensure a stable supply of
agricultural products, countries should diversify their import sources instead of importing

agricultural products from a single or a few countries.
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Figure 6. Scatter plots of HHI and import volume: (a) represents the scatter plot of 1996, (b) represents
the scatter plot of 2000, (c) represents the scatter plot of 2005, (d) represents the scatter plot of 2010,
(e) represents the scatter plot of 2015, and (f) represents the scatter plot of 2019.

3.1.3. The Trade Volumes among Countries

To clearly display the distribution of the agricultural trade volume of all countries, we
select six years of trade data for display, namely 1996, 2000, 2005, 2010, 2015, and 2019. The
cumulative distribution of trade volume between countries is shown in Figure 7. First, we
should pay attention to the convexity of the curve. When the cumulative proportion of
countries is 20%, the trade volume reaches more than 80%, which indicates that most of the
trade volume of agricultural products is concentrated in a few countries. Furthermore, we
should notice the gap between the curves moving toward the upper left corner. This means
that, from 1996 to 2019, the concentration of trade in agriculture gradually declined and
then stabilized. The reason may be that, as economies globalize, countries recognize the
need to diversify their sources of imports and exports. As production technology matures
and the output of agriculture in various countries stabilizes, the concentration of import
and export agricultural trade also stabilizes.
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3.1.4. The Role of Countries in IATN

The structure of agricultural trade networks is complex, and the above results describe
the basic characteristics of IATN. This section aims to elucidate the position and role of
countries in the agricultural trade network, which is helpful information for adopting
appropriate policies for agricultural trade and for reducing agricultural trade risks.

In the IATN, the betweenness centrality of a country is directly proportional to the
extent to which the country controls the agricultural trade between other countries. Due to
limitations in space, Figure 8 shows the scatter diagram of the number of agricultural trade
partners (the sum of import and export partners) and betweenness centrality for 1996, 2000,
2005, 2010, 2015, and 2019. According to the fitting regression line, there is a significant
positive correlation between the number of agricultural trading partners of a country and
its betweenness centrality, and the R-squares of the fitting regression are all above 0.54.
That is, the more trade partners there are, the higher the centrality of the intermediary is.
This shows that, as the number of links between other countries in the network increases,
the intermediary ability of the country to act as a bridge increases, and the ability to control
agricultural product transactions between other countries to a certain extent increases.
The United States has always had the greatest number of trade partners and the highest
betweenness centrality, thereby attaining a greater ability to control agricultural resources
in the network via its numerous trade links. Over time, however, the intermediary capacity
of the United States has declined. The influence of trade partners on betweenness centrality
has also declined, as shown by the slope of the trend line gradually decreasing over the past
six years. This means that, as the participation of other countries in agricultural trade rose,
the strong core position of the United States in agricultural trade weakened. Although the
United States still occupied the core position in the network, many countries drew closer to
the core of the network.

We highlight the top five countries by intermediary ability in agricultural trade, as
shown in Table A1. The countries at the top of the list, such as the United States, Canada,
and France, are developed countries with advanced farming techniques that can produce
more than enough agricultural products for domestic consumption and have diversified
agricultural demand. For example, the United States imported wheat from other countries
and exported a large quantity of corn; meanwhile, Canada had great demand for corn
imports and exported barley and wheat.
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Figure 8. Scatter plots depicting the number of partners versus intermediary centrality (the horizontal
axis represents the number of agricultural trade partners of a country, the vertical axis represents the
intermediary centrality of a country, and the green line is the fitted regression line). (a) represents
the scatter plot of 1996, (b) represents the scatter plot of 2000, (c) represents the scatter plot of 2005,
(d) represents the scatter plot of 2010, (e) represents the scatter plot of 2015, and (f) represents the
scatter plot of 2019.

In the IATN, closeness centrality measures the agricultural trade distance between
one country and other countries in the network. The closer a country is to the center of the
network, the stronger its influences on information resources and power prestige are with
regard to agricultural trade. As seen from Table A2, the United States ranked first for the
whole observation period, while other top countries, such as Thailand and India, leveraged
their export channels to increase their centrality in the network. The extensive export
relationships of these countries greatly shortened the trade path between them and other
countries in the network, thus facilitating trade in agricultural products to other countries.

The top five countries by eigenvector centrality are shown in Table A3. Over the period,
the top position by eigenvector centrality alternates between Germany, the United States,
France, and the Netherlands. This implies that these countries have established stable
trade relationships with other countries that have a great influence on the international
agricultural market. The top countries in eigenvector centrality have not only many import
and export partners but they also established links with each other, which stabilizes their
central position in the network. Most international agricultural trade is controlled by a few
countries, so other countries can improve their position in the network by establishing stable
trade relations with those that have high demand and supply for agricultural products.

3.2. The Impacts of Country Risks on the Agricultural Trade Pattern

Ten regression models are constructed according to Section 2.3 of this paper. The dependent
variables are network topological indices obtained from Section 2.2.2, which are HHI, in-degree,
out-degree, degree, weighted in-degree, weighted out-degree, weighted degree, betweenness
centrality, eigenvector centrality, and closeness centrality, respectively. The independent variables
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are political risk and economic risk. The control variables are GDF, exchange rate, and cultivated
land area. Because of the different data dimensions, we carried out logarithmic processing on
weighted in-degree, weighted out-degree, weighted degree, GDP, and cultivated land area to
make the data more stable. All the variables are stationary based on the panel unit root test.
Therefore, these variables can be used in regression models. According to the results of the
Hausman test, the fixed effect model should be selected for each model. Table 1 shows the
regression results of national political risks and economic risks to trade patterns. The results
show that a country’s agricultural trade could be significantly affected by political and economic
risks. A detailed analysis of the results follows.

Political risks have a significant positive impact on importers’ activities in the international
agricultural market. High political risk entails unstable political power, poor regulatory quality,
and an imperfect legal environment. Therefore, there might be some reasons for the positive
relationship between political risk and trade patterns. First, political risk will have a positive
impact on import partners and import volume. The instability of the domestic political envi-
ronment could directly lead to the disruption of agricultural product-related industries. Since
agricultural products are one of the necessities of life, when the domestic supply is insufficient to
meet domestic demand, agricultural products must be imported to satisfy basic needs. Second,
when political conditions are unstable, people may engage in panic-buying to stock up on sup-
plies, which drives up demand. In addition, the negative influence of political risk on the HHI
value implies the enhancement of the anti-control ability of agricultural resources. The influence
of political risk on the position in the IATN is also positive. When the relationship between
imports and exports becomes more complex and the number of imports and exports increases,
the intermediary degree of the country will also increase, and the relationship of a given country
with important countries in the trade network might grow closer. Thus, the country’s position in
the agricultural trade network is enhanced.

The impact of economic risk on the 11 trade indicators is roughly the same. First, it is
worth noting that the regression coefficient of economic risk on in-degree is —0.24, indicating
that an increase in economic risk has a significantly negative impact on the number of import
partners. There might be two reasons for this effect. First, a decline in imports could mean that
other countries no longer believe in their ability to pay. At the same time, fluctuations in the
exchange rate caused by economic risks also affect exports of agricultural products. Second,
economic risk also causes people’s incomes to fluctuate, and a consequent decline in demand
for agricultural products leads to a reduction in imports. Economic risks could also decrease
demand for agricultural products by impacting economic development. For example, the
European debt crisis severely increased economic risks in selected European countries, including
Portugal, Greece, and Ireland. After 2009, these countries experienced different degrees of
reduction in their import channels and trade volumes in agricultural products. Clearly, the
unstable economic environment may also affect the development of the national economy;,
further reducing the demand for agricultural products. The positive impact of economic risk on
the HHI value also indicates a decline in import source diversity due to the reduction in import
channels. Furthermore, if the economic risk of a country is high, then reduced import channels
will further threaten the domestic supply of agricultural products. According to Table 1, an
increase in economic risk may reduce closeness centrality, betweenness centrality, and eigenvector
centrality. The weaker the economic foundation is, the more unfavorable it is to the anti-control
ability of resources, which will worsen a country’s relationship with important countries in the
network. Therefore, countries with higher expected economic risks may not actively participate
in international agricultural markets and may lack the capacity to influence markets. As a result, a
reduction in closeness centrality makes it more difficult for a country to obtain external resources
and allows it to be more easily controlled by other countries. Furthermore, a reduction in trade
also weakens a country’s ability to link with other countries as an intermediary. In addition, large
suppliers may be reluctant to trade with countries without a stable economic base. In summary;,
an unstable economic environment is not conducive to increasing the centrality of the state in
the network.
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Table 1. The regression results of the country risks to trade patterns.

ID oD Degree WI WO WD HHI BC CC EC
. —163.95 *** —98.68 *** —262.63 *** —11.66 *** —7.03* —13.34 ** 1.72 #+ 0.02 —0.56 *** —1.06 ***
(15.69719) (25.601) (34.36325) (1.337049) (3.603038) (1.175835) (0.268166) (0.010562) (0.174122) (0.173021)
Polrick 0.2780 *** 0.4222 **+ 0.7002 *** 0.0117 *** 0.0140 0.0113 *** —0.0033 *** 246 x 107° 0.0015 *** 0.0017 ***
omms (0.038231) (0.061248) (0.082212) (0.003199) (0.00861) (0.002813) (0.000642) (0.0000253) (0.000417) (0.000414)
Ecorick —0.2462 *** —0.3455 *** —0.5916 *** —0.0021 —0.0101 —0.0060 ** 0.0029 *** —588x 1075+ —0.0023 *** —0.0032 ***
cons (0.038231) (0.062352) (0.083692) (0.003256) (0.008941) (0.002864) (0.000653) (0.0000257) (0.000424) (0.000421)
CDP 9.4043 *** 10.3216 *** 19.7259 *+* 1.0063 *** 1.1075 *** 1.0739 *** —0.0432 *** —0.0001 0.0455 *+* 0.0535 ***
(0.27011) (0.44053) (0.591306) (0.023007) (0.061783) (0.020233) (0.004614) (0.000182) (0.002996) (0.002977)
Rat 202x107%*  1.65x 10710 218 x 1077 3.6 x 10710  _330x 10710 29 x 10710 515x 10"+ —1.04 x 10713 122 x 10713 218 x 10711 *
ate (1.06 x 107%) (174 x107%) (233x107%) (9.07 x 10°11) (239 x 10710) (798 x 10-11)  (1.82 x 10~ 11) (7.16 x 10713) (118 x 1071 (117 x 1071)
Field —2.8903 *** —8.9822 *** —11.873 *** 0.3859 *** —0.3046 0.4326 *** —0.0174 —0.0005 —0.0055 0.0094
1€ (1.077623) (1.757526) (2.359061) (0.091789) (0.246673) (0.080722) (0.01841) (0.000725) (0.011954) (0.011878)
R-squared 0.8278 0.9237 0.9170 0.8861 0.8328 0.9190 0.7347 0.9051 0.6818 0.8443

Notes: the asterisks *, **, and *** denote statistical significance at the 10% level, at the 5% level, and at the 1% level, respectively. This table provides the parameter estimation results from
1996 to 2017. The value in the parentheses indicates standard error.
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According to the results of the control variables, a country’s GDP positively affects
the values of in-degree, out-degree, weighted degree, closeness centrality, betweenness
centrality, and eigenvector centrality to a certain extent. There is no doubt that the level
of economic development improves the trade patterns of importers, which is consistent
with the findings of previous studies [19]. However, the exchange rate, which represents
fluctuations in the economy, has an unstable influence on trade patterns. A rise in the
exchange rate of a country’s currency against the US dollar may increase import trade
volumes and import channels of agriculture. However, the exchange rate has no significant
impact on exports or the centrality of representing the status of the trade network, which
indicates that the exchange rate may not affect the relationship between a country and
important countries. An increase in the cultivated land area will have a positive impact on
export channels. However, a relative increase in the cultivated land area reduces reliance
on imports of agricultural products, and a significant drop in imports will not improve a
country’s position in the agricultural trade network.

4. Conclusions and Policy Implications

This paper aimed to explore the impact of country risks on the international agricul-
tural trade pattern. We constructed an IATN model to reveal the patterns in international
agricultural trade and used a panel regression model to identify the influence of political
and economic risks. The main conclusions and implications are summarized as follows:

(1) By calculating the network parameters of 226 countries from 1996 to 2019 and rank-
ing the countries according to these indicators, we obtained results showing that countries
play different roles in international agricultural trade and occupy different positions. In
terms of importers, the United States, Germany, the Netherlands, and France occupied a
dominant position because of their rich import channels. Moreover, these countries had
the ability of resource anti-control. They have established stable trade relations with other
countries that have a great influence on the international agricultural market, as shown
by their eigenvector centrality values. For exporters, the United States is the most critical
country with which to trade because of its influence and trade relationships with many
other important countries. Some Asian countries, such as Thailand, India, and China, also
had strong control over resources and close trade ties with many countries. In terms of
import sources, the import volumes of some countries are quite large and mainly imported
from one country. A lack of diversity of import sources could pose a risk to the domestic
supply if the ties to the supplier countries were to be cut. Thus, countries should identify
their weaknesses and use their strengths to make themselves more indispensable in inter-
national agricultural markets. For example, countries lacking in agricultural production
should expand their import channels and reduce their dependence on other countries by
diversifying their import sources. Countries far from the center of the network can improve
their position through trade with important countries.

For the whole network, most of the agricultural trade takes place among a few coun-
tries, which means that the concentration of trade is still very high. However, the long-term
trend shows that the concentration of agricultural trade is gradually decreasing. The decline
in concentration shows that increases in output, owed to progress in agricultural planting
technology, have changed the supply patterns of agricultural products, resulting in a lower
concentration of agricultural trade.

(2) By analyzing the panel regression model, we find that country risks have a signifi-
cant impact on trade patterns. Political risk could benefit the agricultural trade pattern, and
its rise also promotes an increase in trade channels and promotes the diversity of import
sources. It also means that political risk might improve the relations between these coun-
tries and other important countries in the trade network, enhance the country’s mediation
ability, and improve the country’s position in the network. Increasing import channels is
one of the measures to mitigate political risk.
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(3) Economic risk is not beneficial to the agricultural trade pattern, and it reduces the
country’s resource anti-control ability, causing it to gradually move to the periphery in the
agricultural trade network. In general, an unstable economic environment is detrimental
to a country’s participation in international agricultural trade markets. Increasing the
number of import channels is one response to mitigate the adverse effects of economic risks.
To reduce dependence on imported agricultural products, importers should consider the
role of economic risks when optimizing trade patterns. Policy-makers should be cautious
when promulgating macroeconomic stabilization policies that affect import and export
relationships. Instead, countries should start by avoiding economic risks and work to
improve their agricultural trade. Exporters should also reduce their dependence on foreign
trade by stimulating domestic consumption, which can benefit the national economy.

From a complex network analysis framework, we discussed the influence of country
risks on trade patterns and analyzed the positions and roles that countries play in agri-
cultural trade networks. The results obtained are of great significance for adopting active
and effective agricultural trade policies. This paper considers only the impact of country
risks on the agricultural trade pattern, but, in fact, there are many factors that affect the
agricultural trade pattern, such as geopolitics, geographical distance, and trade openness,
which will be considered in our future studies. Due to data limitations, this paper does not
analyze the effect of the COVID-19 pandemic on agricultural trade patterns. In our future
research, we will collect relevant data and continue to explore it.
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Appendix A
Table A1. The top 5 countries in betweenness centrality.
Rank
Year
1 2 3 4 5

1996 USA France Germany UK Netherlands
1997 USA France Germany Russia UK
1998 USA France Italy UK Germany
1999 USA France Germany Thailand UK
2000 USA France Canada South Africa UK
2001 USA France Canada South Africa Italy
2002 USA France Canada Germany Thailand
2003 USA France Canada Germany Italy
2004 USA Canada France South Africa UK
2005 USA Canada France South Africa Spain
2006 USA Canada France Pakistan Philippines
2007 USA Canada France Italy UK
2008 USA Canada France South Africa Italy
2009 USA Canada Germany Thailand France
2010 USA France Thailand Canada China
2011 USA France Canada China UK
2012 USA Netherlands France UK Canada
2013 USA UK Germany France India
2014 USA France Canada Netherlands Germany
2015 USA Netherlands France Canada UK
2016 USA France Canada Netherlands Italy
2017 USA France Canada Thailand UK
2018 USA France Canada UK Italy
2019 USA France Canada Germany Netherlands

Table A2. The top 5 countries in closeness centrality.

Rank
Year
1 2 3 4 5

1996 USA India France Italy Canada
1997 USA Canada India France Argentina
1998 USA India Italy Canada France
1999 USA Thailand Italy India France
2000 USA Thailand France Italy China
2001 USA Thailand India Italy France
2002 USA Thailand India Italy France
2003 USA Thailand China Italy India
2004 USA Thailand India Italy China
2005 USA Thailand India Pakistan China
2006 USA Thailand India China Pakistan
2007 USA Thailand China India Italy
2008 USA Thailand China India Italy
2009 USA Thailand China PNG Italy
2010 USA Thailand China India Pakistan
2011 USA Thailand India China Italy
2012 USA Thailand India China Italy
2013 USA Thailand India China Italy
2014 USA Thailand India China Italy
2015 USA Thailand India Italy Pakistan
2016 USA Thailand India France China
2017 USA Thailand India China France
2018 USA Thailand India China Italy
2019 USA India Thailand China France




Agriculture 2022, 12, 361

17 of 18

Table A3. The top 5 countries in eigenvector centrality.

Rank
Year
1 2 3 4 5
1996 Germany Netherlands UK France USA
1997 Germany Netherlands France Russia USA
1998 Germany Netherlands France USA Italy
1999 Germany France Netherlands UK USA
2000 USA France Germany UK Netherlands
2001 USA France Germany UK Italy
2002 USA Germany Canada France UK
2003 USA Germany Netherlands France UK
2004 USA Germany UK Netherlands France
2005 USA France Germany Canada UK
2006 USA Canada France UK Germany
2007 USA UK France Germany Canada
2008 UK Germany France USA Canada
2009 Germany Netherlands UK USA France
2010 UK USA Germany France Canada
2011 France Germany UK USA Netherlands
2012 Netherlands UK USA France Germany
2013 USA Germany UK Netherlands France
2014 Germany USA UK Netherlands France
2015 Netherlands Germany USA France UK
2016 USA Netherlands France UK Germany
2017 France UK USA Netherlands Germany
2018 France Netherlands Germany Canada UK
2019 France Netherlands Germany USA UK
References
1. Sun, Q.R; Gao, X.Y.; Zhong, W.Q.; Liu, N.R. The stability of the international oil trade network from short-term and long-term

perspectives. Physica A 2017, 482, 345-356. [CrossRef]

2. Vidya, C.T.; Prabheesh, K.P. Implications of COVID-19 Pandemic on the Global Trade Networks. Emerg. Mark. Financ. Trade 2020,
56, 2408-2421. [CrossRef]

3. Burkholz, R.; Schweitzer, F. International crop trade networks: The impact of shocks and cascades. Environ. Res. Lett. 2019, 14, 28.
[CrossRef]

4. Qiang, W.L,; Niu, SW.; Wang, X.; Zhang, C.L.; Liu, A.M.; Cheng, S.K. Evolution of the Global Agricultural Trade Network and
Policy Implications for China. Sustainability 2020, 12, 192. [CrossRef]

5. Evans, C.L. The economic significance of national border effects. Am. Econ. Rev. 2003, 93, 1291-1312. [CrossRef]

6.  Sohn, C.H. Does the gravity model explain South Korea’s trade flows? Jpn. Econ. Rev. 2005, 56, 417—430. [CrossRef]

7. Zolin, M.B.; Uprasen, U. Trade creation and diversion: Effects of EU enlargement on agricultural and food products and selected
Asian countries. Asia Eur. J. 2018, 16, 351-373. [CrossRef]

8. Krivko, M.; Smutka, L. Agricultural and Foodstuff Trade between EU28 and Russia: (Non)Uniformity of the Russian Import Ban
Impact Distribution. Agriculture 2021, 11, 1259. [CrossRef]

9.  Park, J.K. Intraindustry Trade(IIT) of Agricultural Products and Agricultural Development. Korean J. Food Mark. Econ. 2005, 22,
1-17.

10. Singh, S.; Kingra, H.S.; Bhogal, S.; Bhardwaj, S. India’s Foreign Trade of Agricultural Products in Free Market Economy. Indian J.
Econ. Dev. 2018, 14, 219-222. [CrossRef]

11. Pawlak, K. Competitiveness of the EU Agri-Food Sector on the US Market: Worth Reviving Transatlantic Trade? Agriculture 2022,
12, 23. [CrossRef]

12. Veeck, G. China’s Exports and Imports of Agricultural Products under the WTO. Eurasian Geogr. Econ. 2008, 49, 569-585.
[CrossRef]

13. Ji,S.; Yoo, ]. A study on the changes of agricultural import structure according to implementation of FTAs in South Korea. . Korea
Trade 2018, 22, 2-16. [CrossRef]

14. Fernandez-Alvarez, A. Turkish Agricultural Trade in the European Union: Opportunities and Challenges. South Eur. Soc. Polit.
2008, 13, 477-493. [CrossRef]

15.  Fleming, D.A.; Abler, D.G.; Goetz, S.J. Agricultural trade and poverty in Chile: A spatial analysis of product tradability. Agric.

Econ. 2010, 41, 545-553. [CrossRef]


http://doi.org/10.1016/j.physa.2017.04.047
http://doi.org/10.1080/1540496X.2020.1785426
http://doi.org/10.1088/1748-9326/ab4864
http://doi.org/10.3390/su12010192
http://doi.org/10.1257/000282803769206304
http://doi.org/10.1111/j.1468-5876.2005.00338.x
http://doi.org/10.1007/s10308-018-0508-7
http://doi.org/10.3390/agriculture11121259
http://doi.org/10.5958/2322-0430.2018.00061.6
http://doi.org/10.3390/agriculture12010023
http://doi.org/10.2747/1539-7216.49.5.569
http://doi.org/10.1108/JKT-01-2018-0001
http://doi.org/10.1080/13608740902738392
http://doi.org/10.1111/j.1574-0862.2010.00468.x

Agriculture 2022, 12, 361 18 of 18

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.
26.

27.
28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.
39.

Baek, J.; Koo, W.W. How sensitive is US agricultural trade to the bilateral exchange rate? Evidence from bulk, intermediate, and
consumer-oriented products. Agric. Econ. 2011, 42, 387-403. [CrossRef]

Huang, Y.R.; Fang, H.; Li, X.M. Evaluation of the promoting effect of trade facilitation of importing countries to agricultural
product export of China. Int. |. Elec. Eng. Educ. 2020, 468, 1-21. [CrossRef]

Hong, Y.; Zhang, X.Y.; Hu, A.].; Ma, P. Econometric Analysis of the Israeli Trade Protectionism and the Export Comparative
Advantage of the Primary Agricultural Products. Basic Clin. Pharmacol. Toxicol. 2020, 126, 305-306.

Liu, H.G,; Tada, M.; Sun, D.S. Changing patterns in comparative advantage for agricultural trade in East Asian countries. China
Agric. Econ. Rev. 2009, 1, 227-238. [CrossRef]

Kuzmenko, E.; Rumankova, L.; Benesova, I.; Smutka, L. Czech Comparative Advantage in Agricultural Trade with Regard to
EU-27: Main Developmental Trends and Peculiarities. Agriculture 2022,12, 217. [CrossRef]

Liu, YK;; Bi, R.Q.; Yang, H.X. Sino-Japanese agricultural trade friction and dynamic state. Information 2008, 11, 473-482.

Kim, M.; Cho, G.D.; Koo, W.W. Does the exchange rate matter to agricultural bilateral trade between Canada and the US? Can. J.
Agric. Econ. Rev. Can. Agroecon. 2004, 52, 127-145. [CrossRef]

Hyun, N.k.; Li, T. The Competitiveness of Korea-China-Japan agricultural products and Korea-China FTA Agricultural Trade
impacts. J. Agric. Ext. Community Dev. 2018, 25, 71-83. [CrossRef]

Zheng, YM.; Qi, J.H. Empirical analysis of the structure of Sino-US agricultural trade. China World Econ. 2007, 15, 35-51.
[CrossRef]

Marin, S.D.A. Determinants of Trade Flows between Colombia and South Korea. Apunt. Cenes 2020, 39, 75-105. [CrossRef]
Zhang, FH. Analysis of the current situation of agricultural trade development between china and ukraine. Agric. Resour. Econ.
Int. Sci. E J. 2020, 6, 23-36.

Ali, T.; Huang, J.; Xie, W. Bilateral Economic Impacts of China-Pakistan Economic Corridor. Agriculture 2022, 12, 143. [CrossRef]
Leem, B.-H.; Won, E.S. Analyzing Core-Periphery Structure among Trade Countries of Agricultural Products. J. Int. Trade Commer.
2020, 16, 121-131. [CrossRef]

Liu, C; Xu, J.; Zhang, H. Competitiveness or Complementarity? A Dynamic Network Analysis of International Agri-Trade along
the Belt and Road. Appl. Spat. Anal. Policy 2019, 13, 349-374. [CrossRef]

Gutierrez-Moya, E.; Adenso-Diaz, B.; Lozano, S. Analysis and vulnerability of the international wheat trade network. Food Secur.
2021, 13, 113-128. [CrossRef]

Esteban, A.L.G. The determinants of world wheat trade, 1963-2010: A gravity equation approach. Hist. Agrar. 2021, 83, 165-190.
[CrossRef]

Cai, H.B.; Song, Y.Y. The state’s position in international agricultural commodity trade A complex network. China Agric. Econ.
Rev. 2016, 8, 430—442. [CrossRef]

Hyun, H.B.; Ahn, B.-i. An Analysis of the Change in the Agricultural Trade Network. J. Rural Dev. 2016, 39, 93-128.
Jayasinghe, S.; Sarker, R. Effects of regional trade agreements on trade in agrifood products: Evidence from gravity modeling
using disaggregated data. Rev. Agric. Econ. 2008, 30, 61-81. [CrossRef]

Shan, L.J.; Cui, C.; Wu, L.H. Analysis of potential affecting factors of China’s agricultural trade. J. Food Agric. Environ. 2011, 9,
923-925.

Eum, ]J.Y.; Sheldon, L; Thompson, S.R. Product Quality in Food and Agricultural Trade: Firm Heterogeneity and the Impact of
Trade Costs. J. Agric. Resour. Econ. 2021, 46, 1-19. [CrossRef]

Zhang, H.; Wang, Y.; Yang, C.; Guo, Y. The impact of country risk on energy trade patterns based on complex network and panel
regression analyses. Energy 2021, 222, 11. [CrossRef]

Vivoda, V. LNG import diversification and energy security in Asia. Energy Policy 2019, 129, 967-974. [CrossRef]

Boccaletti, S.; Latora, V.; Moreno, Y.; Chavez, M.; Hwang, D.U. Complex networks: Structure and dynamics. Phys. Rep. Rev. Sec.
Phys. Lett. 2006, 424, 175-308. [CrossRef]


http://doi.org/10.1111/j.1574-0862.2010.00525.x
http://doi.org/10.1177/0020720920931432
http://doi.org/10.1108/17561370910927453
http://doi.org/10.3390/agriculture12020217
http://doi.org/10.1111/j.1744-7976.2004.tb00098.x
http://doi.org/10.12653/jecd.2018.25.2.0071
http://doi.org/10.1111/j.1749-124X.2007.00074.x
http://doi.org/10.19053/01203053.v39.n70.2020.10840
http://doi.org/10.3390/agriculture12020143
http://doi.org/10.16980/jitc.16.4.202008.121
http://doi.org/10.1007/s12061-019-09307-5
http://doi.org/10.1007/s12571-020-01117-9
http://doi.org/10.26882/histagrar.083e05g
http://doi.org/10.1108/CAER-02-2016-0032
http://doi.org/10.1111/j.1467-9353.2007.00392.x
http://doi.org/10.22004/ag.econ.303602
http://doi.org/10.1016/j.energy.2021.119979
http://doi.org/10.1016/j.enpol.2019.01.073
http://doi.org/10.1016/j.physrep.2005.10.009

	Introduction 
	Materials and Methods 
	Data 
	Method 
	The IATN Model 
	Structural Parameters of the IATN 

	The Establishment of the Regression Model 

	Results and Discussion 
	International Agricultural Trade Pattern 
	The Number of Trade Partners and Trade Relationships 
	The Diversity of Import Source 
	The Trade Volumes among Countries 
	The Role of Countries in IATN 

	The Impacts of Country Risks on the Agricultural Trade Pattern 

	Conclusions and Policy Implications 
	Appendix A
	References

