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International food chains and trade usually support many vulnerable and food-insecure developing countries to ensure stable access to food and sufficient resources to maintain and enhance economic growth. However, the smooth transition of uninterrupted food trade and supply is one of the major concerns for almost every country. Based on the economic threshold model grouping tactics, the study evaluates the influencing factors of global food imports and how different countries foster food imports in different conditions. The empirical data has been comprised of panel data from 91 countries along the “Belt and Road” for the last 21 years. The results show that: (i) Population size and arable land endowment have single and double threshold effects on food imports. (ii) Economic development has different effects on the food imports of each group of countries. It has an inverted U-shaped relationship with countries with large populations and high arable land endowments and a “U-shaped relationship” with countries with low arable land endowments. There is a linear relationship between the food imports of countries with small populations and medium arable land endowments, and there is no significant impact on food imports of countries with large populations and medium arable land endowments. (iii) The impact of infrastructure, technological progress, food stocks, and industrial structure on food imports varies from country to country, but tariff policies have no significant impact on food imports. All member countries should utilize the platform of “Belt and Road Initiatives” to capture the resource endowment and exchange associated science and technology of food production, processing, transport, and storage. Food productivity and self-dependency on food should also be increased.
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Introduction

The food supply chain comprises all the stages that food products go through, from production to consumption activities including how foods are produced, processed, distributed, consumed, and disposed of (Marsden et al., 2000). With the rapid development of the global economy, there is a clear change in food demand patterns triggering consumers to move from the initial food and clothing to balanced and diverse food types (Vorst, 2000). Nowadays, food is transported over longer distances, across continents (Nguyen, 2018). Therefore, the international trade of food becomes more extensive, and almost every country needs to import food from other countries to meet domestic demand (Ahumada and Villalobos, 2009). According to Food and Agriculture Organization of the United Nations (FAO) data, from 2000 to 2016, the total global food imports increased from 214 million tons to 378 million tons, an average annual increase of 2.59% (Smyth et al., 2016). As the world's most populous agricultural country, China has created a miracle of supporting nearly 20% of the world's population with less than 9% of its arable land (Cui and Shoemaker, 2018). However, to ease domestic pressure regarding diverse food in recent years, China is also one of the top countries in food imports (Liu et al., 2021). For a long since, several continents have operated some regional cooperation for food, technology, and other necessary trading relations. Improving the regional organization of food flow requires well-structured and long-term cooperation among the associated parties. It is also required for facilitating an equitable and sustainable manner of food supply.

China has a long history of forming specialized organizations from ancient maritime Silk Road initiatives to the “One Belt One Road (OBOR)” policy or “Belt and Road Initiatives (BRI).” In 2013, China proposed a belt and road initiative to open up the international market, deepen international cooperation and increase the source of China's food imports (Erokhin and Gao, 2018; Wang et al., 2021). At the same time, the initiative also provides opportunities for the participating countries to carry out socio-economic exchanges and food trade, helping each other to solve food security issues, eliminate regional poverty, and jointly build “a community with a shared future for mankind” (Chen et al., 2018). According to the World Bank and the United Nations Food and Agriculture Organization's database, the “Belt and Road initiatives” is the most important food production area globally, and the output of the food accounts for more than 40% of the world's total output (Syed and Ying, 2019). However, these countries have low self-sufficiency and a high import dependence rate on food (Hughes et al., 2020). The increasing number of member countries of BRI has expanded the scope of food trade with more convenient channels, but the increasing dependence on food imports in countries means that the stability of the food supply is vulnerable to the international market (Sternberg et al., 2020). Therefore, it is necessary to accurately grasp the determinants of food imports and their long-term evolution trends, which will help countries along the route, adopt targeted macro-control policies to ensure food supply and ensure food security in countries along with BRI.

Extensive research can be found on the influencing factors of food import trade are more extensive (Gürkan et al., 2003; Erokhin, 2017; Mwangi, 2021), which can be summarized as economic growth, international markets, and domestic resource endowments (Knight et al., 2007b; Atif et al., 2017; Suanin, 2021). In terms of economic growth, the existing literature established the following assumptions: economic development has a positive impact on food imports (Pingali, 2007; Norton et al., 2021), and the level of economic development is negatively correlated with food imports (Fukase and Martin, 2020; Ren et al., 2021). While different stages of economic development will have varying degrees of impact on food imports, an “inverted U-shaped” curve law has presented between economic growth and food imports (Abay et al., 2020). In terms of international market factors, existing studies have shown that both the exchange rate and international food prices have a negative impact on food imports (Ikuemonisan et al., 2018). In terms of domestic resource endowments, population growth can be an important reason for the significant growth of the food trade in the future (Schneider et al., 2011). It is also consistent with the research conclusions of some related studies (for e.g., Tukker et al., 2016; Dorninger et al., 2021, and Qingjie, 2021). In addition, some scholars pointed out that the difference in factor endowments between different countries is the main factor affecting the food trade (Koo and Kennedy, 2005; Li, 2012; Abad, 2013). The advancement of science and technology fostered by infrastructure development has saved both parties' trade costs and promoted the development of the food trade (Geng et al., 2007). Some studies also found that the endowment of cultivated land, water resources, food yield per capita, and per capita food consumption are the main factors affecting food imports (Maslak et al., 2020; Han and Li, 2021).

In recent years, the existing literature regarding food import and trade has become matured. However, a huge gap in research triggers a unified theoretical framework and empirical guidance within this crucial field. Especially the empirical research on the food trade of the BRI countries is still not explored sufficiently. Countries along with the BRI have large gaps in economic development levels and different resource endowments. Most of the existing studies have homogenized countries, ignoring the heterogeneity of different economies in terms of institutional environment and resource structure (Shevchuk, 2014; Sertoglu and Dogan, 2016; Mwangi, 2021). A specific “category” or a country with a certain “characteristic” may alter the whole patterns of food imports. Therefore, the role of the classic trade theory cannot be brought into full play. In response to the above shortcomings, this article describes the food-importing countries along BRI with different characteristics in specific groups by employing a panel threshold model. Likewise, the study evaluates the impact of different countries' food imports based on clarifying goal test models for different groups combined with actual economic backgrounds. The evaluation of factors affecting food trade and import will provide baseline references for countries with different characteristics to formulate food security strategies. The study will be one of the first attempts to explore food imports and trade factors within BRI countries.



Theoretical analysis and research assumptions

The factors affecting grain import can be assessed from the two aspects of demand and supply (Fader et al., 2013). When a country's demand exceeds supply, grain import will become an important supply channel to meet its grain demand. Likewise, when demand is less than supply, it will be converted to grain export or food reserves (Porkka et al., 2017). However, the level of economic development determines the structure of grain demand and when the level of economic development is low, the demand for traditional grain crops such as wheat, corn, soybean, and rice is large, and the total demand for grain imports is also large (Mostenska et al., 2022). With the continuous development of the economy, the adjustment of the food consumption structure has been accelerated, the consumption of rations of these grains has dropped significantly, and the consumption of non-staple food has increased significantly (Rush and Obolonkin, 2020). The food consumption pattern has begun to be dominated by non-staple food, and the demand for grain imports has gradually changed. When the economy grows to a certain level, the purchasing power of the population is also continuously expanding, arable land resources are gradually scarce, and the industrial structure gradually changes dominated by industry and service industries (Distefano et al., 2018). At this time, the further upgrade of the dietary structure will drive the growth of food demand, which will lead to the total import of food (Attrey, 2017).

Conversely, population growth can bring about an almost proportional increase in demand (van Dijk et al., 2021). The larger population also possesses a higher demand for varieties of food, and the dependence on food imports will gradually intensify. In addition, constrained by the endowment of cultivated land, under certain agricultural production conditions and production technologies, there is an extreme value of land output (Zhao et al., 2021). Therefore, the endowment of cultivated land is one of the most important factors in determining a country's grain output. The richer the cultivated land resources, the more helpful to meet the food needs of the population, thereby reducing food imports (Lau et al., 2018; Tian et al., 2020). Similarly, various studies have shown that infrastructure is necessary and a prerequisite for smooth trade (Bougheas et al., 1999; Limão and Venables, 2001; Donaubauer et al., 2018). The level of infrastructure has a significant negative impact on transportation costs, which in turn has a significant negative impact on import and export trade volumes. The development of trade infrastructure among countries along the “Belt and Road” is relatively lagging, which restricts the development of trade and the economic development of countries along the route (Limão and Venables, 2001).

Similarly, international grain prices have a very important impact on grain imports. According to international trade theory, the price has a direct and significant impact on trade quantity and share (He et al., 2016). When international food prices rise, a government will reduce the number of food imports, relieve the pressure of food shortages by releasing food stocks, and at the same time, appropriately increase food exports to obtain the highest economic benefits. Grain stocks play an important role in maintaining national food security, when the level of grain production increases, a government can increase exports and increase stock for grain sales or strategic grain reserves (Huang et al., 2017). When frequent natural disasters, wars, and other reasons lead to a reduction in grain production and a decline in global grain reserves, it is easy to cause international grain prices to rise in certain years. According to the theory of economic supply and demand, an increase in international grain prices will inevitably lead to a decrease in demand (Karbekova et al., 2022). Since the demand for grain is rigid demand, when a country reduces its grain imports due to rising international grain prices (Zhan, 2021; 1949–2019), its government usually responds to the impact of rising international grain prices by releasing grain stocks, to alleviate the external dependence on grain and reduce the purposes of food imports (Meloni and Swinnen, 2022).

Agricultural modernization may also play an important role in rectifying any country's agroeconomic development and influences the level of food imports (Liu and Zhou, 2021). The higher the level of agricultural modernization, the higher the efficiency of grain production, which is more conducive to increasing grain output (Liu and Zhou, 2021). At the same time, it is beneficial to save costs, improve the comparative and competitive advantages of agriculture, and thus play a role in stabilizing grain imports. Luo and Tanaka (2021) pointed out that grain import can also stimulate domestic supply and technological progress in reverse, which is helpful to improve grain output and quality. Seemingly, the industrial structure mainly represents the economic structure such as the proportion of agricultural industry and the intensity of agricultural resource elements (Bozsik et al., 2022). Eventually, countries with agriculture as the mainstay of the national economy have a low level of economic development and a large demand for food. Only by expanding food imports and adjusting the agricultural structure to supplement the shortage of domestic food production can the problem of insufficient food supply be solved (Lu et al., 2022). Based on the above assumptions the study outlines its theoretical framework as shown in Figure 1.
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FIGURE 1
 Theoretical framework of the study.




Materials and methods


Methods

The core economic activities such as the import and export of agricultural products are usually interlinked with several decisive factors such as socioeconomic conditions, local industry structure, consumption patterns, and governmental policy directions (Mwangi, 2021), and those factors are largely influenced by other several mediating and external factors (Bui and Chen, 2017). Therefore, it is challenging to explore how and to what extent the primary and secondary factors are interconnected. To comprehensively evaluate the relationship between the influencing factors, and identify the most important influencing factors can be determined by the multiple correlation analysis between those associated factors (Okpe and Ikpesu, 2021). Therefore, the study utilized the multivariate non-linear regression model to observe the non-linear relationship between the level of economic development and the total amount of grain imports. The multiple non-linear regression model refers to the regression model of a dependent variable (grain import volume) and multiple independent variables (economic development level, population size, arable land resource endowment, infrastructure level, etc.). Several studies with similar setups (Okolo and Obidigbo, 2015; Ivanova et al., 2018; Maaouane et al., 2021) have advocated multiple regression analysis as it can accurately measure the degree of correlation between various factors and the degree of regression fit. However, according to Majumdar et al. (2017), it is more suitable for actual economic problems and is used when it is affected by multiple factors. The specific steps of the analysis are as follows: first, the multiple regression model is constructed, and the factors which are analyzed in theory are put into the model. After that, we divide the 91 countries into five groups according to their resource endowment and population size by using the threshold panel model, and the stationarity of the model is tested. And finally, carry out multiple regression in groups and analyze the results.



Data source

Belt and Road Initiatives involve a total of 139 countries (Shakib et al., 2021). However, among them, the study selects 91 countries' panel data ranging from 1996 to 2016 (21 years) due to the limitations and availability of the associated data. The main reason for excluding the other country is the unavailability of full data set of those countries' food imports. The basic data needed for the research are extracted from the FAOSTAT database (https://www.fao.org/faostat) of the United Nations Food and Agriculture Organization (FAO), the United Nation's Commodity Trade Statistics database (https://comtrade.un.org), the World Bank's World Development Index (https://datatopics.worldbank.org/world-development-indicators/) and the United States Department of Agriculture (https://www.usda.gov). Moreover, some supplementary data are derived from several associated countries' government databases, reports, and agendas.



Variables selection
 
The explained variable

Total food imports (Impit) has been derived from the total amount of food imports in various countries, including 15 categories of wheat, rice, corn, barley, rye, oats, biscuits, sorghum, and other forms of grain.



Explaining variables

Food imports are mainly determined by domestic supply and demand. Among them, the national economic development level and population size are the key factors that affect demand. Cultivated land endowments, food stocks, technological progress, and industrial structure are the main factors that affect supply. In addition, infrastructure (de Lima et al., 2018; Chernova and Noha, 2019), tariff policies (Elsheikh et al., 2015; Mgeni et al., 2018), and international food prices (McMichael, 2000; Clapp, 2009) can also have a significant impact on food imports. This article sets up explanatory variables from the above aspects and compiles them in Table 1.


TABLE 1 Variable selection and description.

[image: Table 1]

The impact of economic levels on food imports is a dynamic process (Williams et al., 2017; Jaworska, 2018). When economic development is low, people's dietary structure is relatively simple (Pedersen et al., 2018; Olayungbo, 2021), and there is a large demand for traditional ration crops and low-income limits on imports, which can only be achieved by maximizing domestic production levels to meet demand (Knudsen et al., 2006). With economic growth, the industrial structure has gradually changed from being dominated by agriculture to being dominated by industry and service industries (Gandhi and Zhou, 2014; Alrobaish et al., 2021). The further upgrade of the dietary structure has driven food demand growth, surpassing the domestic production rate, resulting in a rise in total food imports (Bakari and Mabrouki, 2017). When the economy continues to grow, the country will invest more in agricultural technology research, improve the food-planting environment, and increase the efficiency of arable land production (Porkka et al., 2017). At this time, domestic food production will continue to increase, ensuring national demand and food imports may decrease. After this stage, urbanization, industrialization, occupation of arable land, and over-utilization of arable land may lead to insufficient food supply again, and imports may increase again at this time (Knight et al., 2007a). Therefore, economic development may non-linearly affect food imports. The larger the population, the higher the ability to consume food, and the greater the dependence on food imports (Mercken et al., 2020).

Under certain agricultural production conditions and technologies, the richer cultivated land resources are, the more helpful it is to meet the population's food needs, reducing food imports (Kummu et al., 2012). Food stocks play an important role in safeguarding national food security (Wright and Cafiero, 2011). When the international food market is turbulent, stocks can meet domestic demand and reduce imports. The main manifestation of scientific and technological progress in food production is known as agricultural modernization. The improvement of agricultural modernization will drive the improvement of food production efficiency, help increase food production, and at the same time help save costs, and play a role in stabilizing food imports (Prosekov and Ivanova, 2018; Müller et al., 2020). A well-developed infrastructural system is necessary for unconstrained trade, and it can negatively impact transportation costs significantly. Transportation costs have a significant negative impact on import and export trade [59, 60], so well-structured infrastructure may positively affect food imports. Likewise, the industrial structure mainly refers to the economic structure, such as the proportion of agricultural industry and the intensity of agricultural resource elements. Generally, countries with lower agricultural development via modern technology and innovation are lagging in food production efficiency (Abdul-Rahaman et al., 2021; Konieczna et al., 2021). Therefore, food imports need to supplement domestic food production. The role of tariff policy is to raise the price of imported food through taxation, reduce its market competitiveness, reduce the adverse impact on domestic products in the market (Yu and Jensen, 2005; Mousavi and Esmaieli, 2011), and help protect domestic food from the impact of foreign food market prices (Zhao et al., 2021), which has a negative impact on food imports.




Model setting
 
Threshold panel model

Considering that there may be a non-linear relationship between some variables and food imports, and the economic threshold model can more accurately explore this relationship between variables, the study adopted the theory and practice of “Threshold Autoregression” proposed by Hansen (Hansen, 2011) and built the following single threshold panel model to explore whether each variable has a threshold value:

[image: image]

If there are multiple thresholds, the formula (1) can be transformed into a multi-threshold panel model:

[image: image]

Whereas, β1, β2 denoting each coefficient to be estimated in different sections of the threshold variable, qit is a variable threshold, μit unknown threshold, εit the individual fixed effects of disturbance term [image: image], and I(•) denotes the indicator function. Its object has been set according to the sample segmenting threshold.



Benchmark model

The study sets the following benchmark equation to explore the factors affecting food imports in various countries:

[image: image]

Where Impit is the food import volume of the ith country in tth year; Pgdpit is the GDP per capita of the ith country in tth year. Given the possible non-linear relationship between the level of economic development and the total amount of food imports, the following steps have been taken: (i) In the setting of the regression model, first set the cubic curve form; (ii) if the cubic curve form is not significant, remove the cubic term, and then check the quadratic form; (iii) and finally if the quadratic form is still insignificant, remove the quadratic term. In order to reduce the heteroscedasticity, each index adopts the natural logarithm form and is presented in Table 1.





Results


Threshold indexing

In order to overcome the arbitrariness and subjectivity of the traditional grouping standard, the study uses the threshold effect model to identify the endogenous characteristics of the data automatically. It uses the correlation coefficient between the explained variable and its influencing factors to determine the threshold value instead of exogenous grouping to divide the sample effectively, as suggested by Savvides and Stengos (Savvides and Stengos, 2000) and Masters and McMillan (Masters and McMillan, 2001). The correlation coefficient matrix in Table 2 shows that the top factors influencing food imports are population size, food inventory level, infrastructure level, arable land endowment, and economic development level. Through the correlation between variables, it can be found that the correlation coefficients of per capita GDP are −0.395 and 0.354, respectively. Seemingly, the correlation coefficients of infrastructure and per capita GDP are 0.771, and the correlation coefficients of economic development level, population size, and cultivated land endowment are −0.351 and −0.304, respectively. Finally, the population size and cultivated land endowment are selected as the threshold grouping variables, as suggested by Tian et al. (2020).


TABLE 2 Correlation coefficient matrix between variables.
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Threshold effect test

Table 3 reports the test results with population size and cultivated land endowment as the threshold based on the threshold regression method. The results show that the population size is single.


TABLE 3 Regression results of population size and arable land endowment threshold.

[image: Table 3]

Table 4 represented the grouping results of threshold regression of the selected countries. The threshold rejects the null hypothesis at a significance level of 10% and indicates that there is a significant difference between β1; β2 in formula (1), and the threshold effect is significant. While the dual threshold is not significant, indicating that there is no dual-threshold effect. Therefore, the single threshold estimated by the population size and the value is 16.553. Similarly, there is a significant double threshold effect for cultivated land endowment, and the double threshold values are −0.505 and −0.175. Therefore, the countries along the investigated countries can be divided into two groups according to the population size: “large” (1,544.506 and +∞) and “small” (0 and 1,544.506); according to the endowment of cultivated land, they can be classified as “high” (0.839 and +∞), “medium” (0.603 and 0.839), and “low” (0 and 0.603).


TABLE 4 Grouping results of threshold regression.
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Stationary test of variables
 
Unit root test

The threshold panel model generally requires that each explanatory variable be a stationary variable. To avoid spurious regression and ensure that the estimation results are valid, the stationarity of each panel sequence must be tested (Table 5). According to the LLC and ADF test results, only “lnPop, lnAst, lnPcland, and lnInfra” in group 1 significantly rejected the null hypothesis that there is a unit root, and none of the other variables could be rejected. The first-order difference of each variable finds that most variables reject the null hypothesis at a significance level of 1%, and the sequence is a first-order single integer sequence. Similarly, each variable in group 3, group 4, and group 5 is the first-order difference.


TABLE 5 Outcomes of panel unit root group inspection.
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Cointegration test

Since each variable is a first-order single-integration sequence, various indicators may have a long-term stable cointegration relationship. Therefore, the Cointegration test might be useful to evaluate the dataset as suggested by Westerlund and Edgerton (2007) and Leitão and Lorente (2020). In the article, the Kao cointegration test (Kao, 1999) determines whether there is a significant relationship between variables. It might be an effective test option for international trade economics study, as suggested by Iheonu et al. (2021) and Essandoh et al. (2020). Table 6 showed that three items are presented in group 1 at the 5% significance level. Therefore, the null hypothesis cannot be rejected (the null hypothesis is a non-existent Cointegration relationship). However, the cointegration test results of the quadratic term reject the null hypothesis as it does not fit in any group, indicating a long-term stable equilibrium relationship among the variables in the group and the regression residuals of the equation are stable (Bujang et al., 2013).


TABLE 6 Panel cointegration test results.
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Model regression results and analysis

This article uses a combination of the F-test and Hausman test and found that Group 1 and Group 3 should use the random-effects model (RE). In statistics, a random-effects model, also called a variance components model, is a statistical model where the model parameters are random variables (Bell and Jones, 2015). However, Group 2 only contains Ukraine, and therefore, we use the Ordinary least-squares (OLS) model for regression. In statistics, ordinary least squares (OLS) is a linear least-squares method for estimating the unknown parameters in a linear regression model (Oh, 2001). Finally, as many countries represent Group 4 and Group 5, we use the fixed-effects models (FE). A fixed-effects model is a statistical model whose parameters are fixed or non-random quantities (Nicita, 2013). The regression results are shown in Table 7 and outlined as follows:

i. Countries with “large populations and highly cultivated land endowments” are represented as group 1 (Kazakhstan and Russia). Their population size has a significant positive impact on food imports. If the population size increased by 1%, then the number of food imports increased by 2.821%, and the number of food imports increased by 2.821%. The primary and secondary terms of GDP per capita have significant positive and negative effects on food imports, respectively, indicating an “inverted U-shaped” relationship between the level of economic development and the number of food imports. The volume of food imports showed a trend of rising first and then falling. According to calculations, the inflection point value is 8.744, and the corresponding GDP per capita is US$6,272.937. In 2016 Kazakhstan and Russia's per capita GDP crossed the “inverted U-shaped” type inflection point, with future food imports will show a downward trend in economic growth potential. Per capita arable land area and industrial structure positively affect food imports at the 1% significant level. When the Per capita arable land area increased by 1%, the food imports increased by 2.68%. Seemingly, the proportion of agricultural added value increased by 1%, and food imports increased by 1.092%. The reason is that the higher the proportion of agricultural added value in GDP and the greater the proportion of agriculture in the overall national economic development, the backward development of industrialization, the level of scientific and technological progress and infrastructure, and the output of the low food. Seemingly, it is necessary to import different categories of food and ensure the balance of domestic supply and demand. Food stocks have a significant negative impact on food imports. When stocks increase by 1%, imports will decrease by 0.073%. The reason is that stocks play a key role in regulating the gap between supply and demand. When stocks are abundant, domestic food demand can be met by releasing stocks, thereby reducing imports. However, infrastructure, tariff policies, international food prices, and technological progress significantly impact food imports.

ii. Countries with a “large population and medium endowment of arable land” (group 2). This group only includes Ukraine. The results show that the level of infrastructure, technological progress, and food stocks all significantly impact the country's food imports. The infrastructure level has increased by 1%, and food imports have increased by 0.178% due to the decrease in infrastructure level. Reduce the cost of food transportation, which promotes food imports. A 1% increase in the level of science and technology and a decrease of 0.650% in food imports indicate that technological advancement can improve the efficiency of food production and improve the comparative advantage and competitive advantage of agriculture, thereby reducing food imports and their impact. When food stocks increased by 1%, the food imports decreased by 0.568%, indicating that stocks can be combined with production to meet domestic demand to a certain extent, reducing the need for imports.

iii. Countries with a “small population and medium endowment of cultivated land” (group 3). This group only includes two countries, Uruguay and Lithuania. However, there is no inverted “U-shaped” or inverted “N-shaped” relationship between the level of economic development and food imports (the second and third tests reject the original hypothesis). It indicates there is a linear relationship between the two. The level of economic development has a positive impact on food imports, with per capita GDP increasing by 1% and food imports by 2.274%. While food stocks still have a significant negative impact on food imports. The impact of other variables on Uruguay and Lithuania is not significant.

iv. Countries with a “large population and low cultivated land endowment” (group 4). This group includes 38 countries, including China, Algeria, Bangladesh, Myanmar, and so on. The results show that other variables significantly impact the country's food imports in addition to infrastructure and tariff policies. Among them, there is a significant “inverted N-shaped” relationship between the level of economic development and the number of food imports. The two inflection points are −17.027 and 5.694, respectively. However, the per capita GDP in the “inverted N-shaped” curve has practical significance when greater than 0, so it is a “U-shaped” curve. The analysis found that only Ethiopia, Myanmar, and Mozambique did not cross the threshold in some years, and the rest of the countries have entered the downward range of the “U-Shaped” curve. Therefore, the economic growth of those countries will continue to reduce the total amount of food imports. In addition, population size and industrial structure have a significant positive impact on food imports. Cultivated land endowments, international food prices, technological progress, and food stocks all significantly negatively impact food imports.

v. Countries with “small population size and low cultivated land endowments” (group 5). This group includes 48 countries, including Albania, Austria, and Bahrain. The results show that the population size significantly impacts this group's countries' food imports. If the population size increased by 1%, it increased the food imports by 1.119%. While, there is a significant “U–shaped” relationship between the level of economic development and food imports with an inflection point of US$ 2,371.21. Belarus crossed this inflection point in 1997, Albania and Congo (Brazzaville) in 2001, Azerbaijan in 2004, Georgia in 2006, and Bolivia in 2015. The remaining countries crossed this point before the start of this study. The possible reason is that these countries have shifted to the secondary and tertiary industries after the economy reaches a certain level, resulting in insufficient investment in agricultural production and relying on imports to meet domestic demand. The per capita arable land area has a significant negative impact on food imports, and countries with higher arable land endowments are more capable of achieving the balance of food supply and demand through themselves, curbing food imports and foreign dependence. In addition, infrastructure, technological progress, and industrial structure all significantly impact food imports.


TABLE 7 Model regression results.
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Conclusion

Based on 21 years of panel data from 91 countries along the “Belt and Road,” the article divides countries with the same “characteristics” into one group through the panel threshold model and then examines the influencing factors of each group of food imports according to the groupings. The 91 countries along the “Belt and Road” are divided into five distinct groups. The study found that population size and the arable land endowment have significant single and double-threshold effects on food imports, respectively. Among them, the population size has no significant impact on the food import of countries with medium cultivated land endowments but has no significant effect on cultivated land. Countries with high and low endowments have a significant positive impact. Seemingly, per capita-arable land area has no significant impact on food imports from countries with medium arable land endowments but has a significant positive effect on countries with high arable land endowments and a significant negative impact on countries with low arable land endowments.

Countries with different population sizes, economic levels, and arable land endowments have different food imports. There is an inverted U-shaped relationship between economic level and food imports in countries with large populations and high cultivated land endowments. A U-shaped relationship has been found between the two groups of countries with low cultivated land endowments, related to the small population size and medium cultivated land endowment. There is a positive linear relationship between food imports in countries with medium-cultivated land endowments, but it has no significant impact on food imports in countries with large populations and medium-cultivated land endowments. The impact of infrastructure, technological progress, food stocks, and industrial structure on the food imports of countries with different population sizes and arable land endowments has been found different from each other. However, tariff policies and international food prices have no significant impact on countries' food imports. Based on the research conclusions, the following policy implications are put forward:

(i) For countries like China with a large population but low arable land endowments, the level of economic development has a U-shaped relationship with food imports and has now entered an upward range. First of all, domestic investment in agricultural science and technology should be strengthened, and farmland water conservancy and other facilities should be improved. The im-port dependencies should be reduced as much as possible by increasing productivity and efficiency. In addition, countries should use the “Belt and Road Initiatives” platform to broaden the prospects of import channels to minimize barriers and tariffs imposed by the international market.

(ii) Countries with high arable land endowments should give full support to their resource advantages, combine with sustainable production, and strengthen the interactions of various science and technology to maximize the efficiencies like modern irrigation technology, pest control technology, and sustainable intensifications. They need to increase the cooperation among the countries with BRI to tap food production potential further, meet domestic demand, and increase exports to achieve resource-sharing superiority.

(iii) Countries with small populations should make overall arrangements according to local conditions, adjust the industrial structure while increasing agricultural scientific research, and reduce excessive dependence on food imports. In particular, countries with low arable land endowments should appropriately control the population size and implement production maximization under the banner of sustainable land, water, and other critical resource management. They should strengthen the food reserves to avoid large-scale food imports in emergencies.

The study also possessed some limitations. This article tries to select as many countries and longer periods as possible. However, due to the long period, political and social instability, and time lag in major databases, many countries have missing data for many years, resulting in limited data comprehensiveness. Future research can appropriately control and screen samples, expand the scope of indicator analysis, and expand the national scope of the study. Moreover, the study excludes the impact of environmental factors and agricultural overseas resource development on grain import and export trade. It might be interesting if appropriate ecological indicators along with resource endowment factors could have been compiled and incorporated into the model. One of the major challenges of this study is the type and range of selected grains. In future research, multiple agricultural products with a large proportion of trade can be considered to be included in the study.
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