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Abstract

:

As a bridge and link between China and Central Asian countries, logistics infrastructure plays an important role in the process of forming a new development pattern of “dual circulation” and mutual promotion. Based on the panel data of Central Asian countries from 2010 to 2019, this paper uses random effect model to analyze the impact on the cross-border agricultural product supply chain between China and Central Asian countries. The results show that the logistics development level, railway transport connectivity, road transport connectivity, economic development level, market size, and common border of Central Asian countries positively affect the development level of the supply chain at different significance levels. Among them, the degree of railway transport connectivity has the greatest impact on the supply chain, followed by the common border, and then the level of logistics development. Moreover, the geographical advantage cannot be underestimated and it plays a positive role in promoting the high-quality development of cross-border agricultural product supply chain. China borders Kazakhstan, Kyrgyzstan, and Tajikistan, and the agricultural product import and export trade quota is significantly greater than that of other Central Asian countries. Based on the analysis, we propose to strengthen efforts to build a high-quality logistics system, build an efficient land transport network, and break through cross-border logistics congestion and difficulties.
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1. Introduction


With the implementation of the “One Belt, One Road” initiative, China and Central Asian countries (Central Asian countries refer to the five countries of Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan, and Turkmenistan) have closer cooperation in agriculture, which has injected strong impetus into the development and improvement of cross-border agricultural product supply chains, and has also created a mutually reinforcing “dual cycle” development pattern. On the one hand, the government has played a unique role in macroeconomic regulation and control. By mobilizing and allocating resources, it has improved the efficiency in using resources, so that there is a time node, strategic planning, and development path to achieve the goal, thus laying the foundation for the comprehensive promotion of various fields, and promoting the development of cross-border supply chains. On the other hand, as an important driving force for economic growth and social development, China has established long-term sustainable development plans and long-term goals at different levels for infrastructure investment and improvement [1]. At present, the existing plans mainly focus on the medium and long-term development plans of various industries and sectors, most of which focus on economic development and various sectors. They further expand and link up the specific indicators of the United Nations Sustainable Development Goals (SDG), especially to strengthen infrastructure construction under the premise of paying attention to sustainable development and environmental friendliness [2]. Moreover, investment in infrastructure is also one of the 17 sustainable development goals covered by the 2030 United Nations Agenda for Sustainable Development. This will better link the transportation system of the international and domestic markets and achieve stronger development, which is crucial to the role of transnational trade partnership [3,4].



China and Central Asian countries not only involve cooperation in the fields of politics, economy, trade system, and international logistics of Central Asian countries, but also include close cooperation in logistics infrastructure in agriculture-related fields. In particular, since the 19th National Congress of the Communist Party of my country, the development level of China’s railway, highway, and air logistics industries mainly for Central Asian countries has continued to rise, and agency centers have been set up in important urban airports in Central Asian countries, build the “Silk Road” of air logistics by virtue of Xinjiang’s regional advantages, and gradually form a good market pattern of channel logistics, logistics belt economy and trade, and economic and trade industry. Data show that the import quota of agricultural trade between China and Central Asian countries in 2010–2019 increased from USD 669 million in 2010 to USD 1.096 billion in 2019, an increase of USD 427 million. The export quota increased from USD 671 million in 2010 to USD 1.256 billion in 2019, an increase of USD 558 million, indicating that the agricultural trade cooperation between China and Central Asian countries has become increasingly close, and the scale of import and export transactions has continued to expand. For cross-border agricultural product trade, the importance of logistics and its transportation service capabilities to the agricultural products trade between China and Central Asian countries is obvious, and the construction of an interconnected agricultural product supply chain is the key to ensuring logistics transportation and improving transportation service capabilities. In other words, the biggest challenge in the high-quality development of cross-border agricultural supply chains is how to establish a set of low-cost transportation (Thomas Friedman) [5]. This is mainly due to the complex and diverse logistics systems due to the long geographical distance and expensive transportation costs between global supply chains, which require a higher level of logistics infrastructure as support (Sajadieh; Asree) [6,7]. The increased importance of air and highway transportation accessibility in a more time-sensitive economy has been facilitated and congestion may threaten the very bounty that accessibility has delivered, perhaps creating new opportunities for still more distant locations (Bowen) [8]. The rapidly increasing and shifting demands for transportation services results in a longer lead time to make any major changes to infrastructure, and changing external conditions such as energy supplies, all make flexibility increasingly desirable. (Morlok et al.) [9]. SCM requires, among others, the alignment of partner strategies and interests, high intensity of logistics information sharing. These requirements often represent major hurdles inhibiting the full integration of a logistics (Van Der Vorst et al.) [10]. Food traceability should be considered as an important and integral part of logistics management in contemporary food and agricultural supply chains (Bosona et al. and Rentizelas et al.) [11,12]. In recent years, the implementation of the “Belt and Road” initiative has promoted the growth of China’s agricultural product import and export scale and the development of the trade supply chain. At the same time, the development of the supply chain also faces certain opportunities and adjustments. On the one hand, the proposal of the “Belt and Road” initiative has brought development opportunities for agricultural related enterprises. On the other hand, with the rapid development of China’s economy, the whole cross-border agricultural product supply chain and related node enterprises are also facing many problems. Due to the rapid growth of China’s foreign trade, the infrastructure of related logistics hubs is lagging behind and cannot meet the throughput of goods. Therefore, it is necessary to strengthen the supply chain, strengthen the construction of China’s high-quality agricultural product production base, improve the status of China’s agricultural products in foreign agricultural product markets, and effectively realize the exchange and docking with international agricultural product trade markets. So, due to the relatively low level of internationalization of Central Asian countries, the supply chains between China and Central Asian countries are affected by various complex factors, which is not conducive to the development of logistics infrastructure between China and Central Asian countries under the Belt and Road Initiative. Cooperation and high-quality development of cross-border agricultural product supply chains still have a long way to go. Therefore, what factors led to the development of the overall cross-border agricultural supply chain, and how much? How to further tap the level of bilateral agricultural trade supply chain cooperation to achieve mutual benefit and win-win results? It is necessary to analyze the issue between China and Central Asian countries.



Therefore, discussing the issue can enrich the relevant theories of the cross-border agricultural product supply chain, and provide guidance and guidance for the supply chain development cooperation between China and Central Asian countries.




2. Literature Review


2.1. Research on International Trade, Investment and Cross-Border Supply Chain


Cross-border supply chains have become an important means of economic and trade exchanges between countries. Some scholars have conducted relevant research on cross-border supply chains from the perspectives of micro-management, meso-industrial economics and macro-national competition. Helpman [13] proposed that international direct investment and international trade are two basic forms of international division of labor, and are also important international economic activities, and there is a substitute relationship between trade and investment. Compared with general developing countries, the bottleneck of development in Central Asian countries lies in the underdevelopment of related transportation and other infrastructure, which not only affects the development of their own foreign trade, but also restricts the flow of capital with other neighboring countries, which is not conducive to international investment and development. Tian et al. [14] also believed that the weak infrastructure of Central Asian countries is a shortcoming that restricts foreign investment in agriculture, which has a negative impact on bilateral trade. Shen [15] pointed out that China and Central Asian countries have complementary geographical advantages and resource endowments. The focus of agricultural investment is to focus on the infrastructure related to agricultural trade. Building inter-industry investment platforms and building a cross-border agricultural industry chain is the key to promoting bilateral cross-border trade; an important way for the development of environmental supply chain. Wang [16] selected variables such as China’s direct investment flow to countries along the Silk Road Economic Belt, import trade volume, and the level of overseas engineering cooperation between China and countries along the Silk Road Economic Belt to study the formation of transnational supply chains degree, and explore the influencing factors that affect the development of multinational supply chains. Peng [17] uses the net export and investment indicators to measure the development of cross-border supply chain based on the national trade theory. Dai et al. [18] used the total market transaction volume of fresh agricultural products to reflect the development of the supply chain of fresh agricultural products in the research on the factors affecting the supply chain of fresh agricultural products. It can be found that international trade, foreign direct investment, and the development of supply chains are inextricably linked, and the construction of a high-quality cross-border supply chain of agricultural products needs to take into account the influence of factors such as international trade and foreign direct investment.




2.2. Research on International Logistics Performance and International Trade


International logistics performance largely depends on a reliable supply chain that provides traders with predictable service. However, due to product safety, social environment, and other reasons, the requirements for traders and operators are becoming more and more strict, and the international trade situation is becoming more and more complicated. In today’s global business environment, logistics management capability has increasingly become the core competitiveness of enterprises to carry out international trade. Therefore, international logistics performance is closely related to international trade (Freund et al.) [19]. With the continuous advancement of the “Belt and Road” construction, scholars have introduced gravity models to study the impact of international logistics performance on international trade (Puertas) [20]. The research of Nguyen and Tongzon [21] shows that there is a significant positive correlation between logistics performance and foreign trade. The international logistics performance of trading countries has different degrees of influence on foreign trade. Sun and Li [22] used the gravity model to study the impact of the international logistics performance of the “Belt and Road” on the export of China’s intermediate products. The research results show that the improvement of the international logistics performance of the “Belt and Road” can promote China’s export trade volume. Liu and Yin [23], Wang et al. [24], Hang [25], and Miu [26] found that the level of international logistics development directly affects the scale of a country’s export trade, and a developed level of logistics development can drive the growth of domestic export trade.




2.3. Related Research on Connectivity of Transportation Facilities and International Trade


The connectivity of transportation facilities is the basic condition and important support for increasing the international trade exchanges of various countries. It will reduce the transportation costs of various countries, enhance the vitality of international trade, and promote economic growth. Lu et al. [27] believes that good connectivity of transportation facilities can greatly reduce the cost of goods transportation, reduce transportation time, and improve delivery reliability, and enhance international trade between countries. Eichengreen [28], Kevin et al. [29] pointed out that the improvement of railway transportation services can greatly reduce the cost of railway transportation, increase the profit of international trade, and then promote the development of international trade. Cansino [30] analyzed the statistical data of Spanish air cargo transportation, and the results show that the improvement of Spanish air transportation capacity helps to expand the scale of export trade. Hakim [31] believe that there is a bidirectional causal relationship between national economic growth and air passenger traffic. Liang and Zhang [32] analyzed the relationship between transportation facility connectivity and trade, and found that aviation facilities are a key factor affecting the relationship between transportation facility connectivity and trade. Xu and Li [33] pointed out that the connectivity of transport facilities in the host country has a positive impact on bilateral trade. Among them, the quality of port facilities has the greatest effect on promoting bilateral trade, followed by the quality of road facilities, the least impact of the quality of aviation facilities, and the quality of railway facilities. Jiang et al. [34] used the Almon estimation method to analyze China’s import and export trade. The research results show that the level of transportation infrastructure and investment has the greatest effect on China’s international trade. Zhang and Hu [35] believe that it is necessary to pay attention to the importance of the connectivity of railway facilities in international trade activities. In the process of cross-border trade activities with neighboring countries, trade activities are affected by their own level of transportation accessibility and investment environment and other factors.



To sum up, international trade, international logistics performance, and connectivity of transportation facilities are closely related to the development of cross-border supply chains. International trade is often accompanied by investment, especially foreign direct investment, which plays an important role in the development of cross-border supply chains. International logistics performance, as a “barometer” of international trade, has a certain guiding role in the development of enterprises’ trade, and cross-border supply chain is a key factor in improving international logistics performance, which has a great impact on improving the international competitiveness of enterprises and increasing the scale of trade. At the same time, as an important part of building a supply chain, the importance of transportation infrastructure to international trade is self-evident. There are few literatures on cross-border supply chains, especially for the high-quality development of cross-border agricultural product supply chains. The agricultural trade of countries along the “Belt and Road” is becoming increasingly close, and it is necessary to study the main issue between China and Central Asia. Therefore, this paper measures the main issue through variables such as agricultural product import and export trade volume, agricultural foreign direct investment, and investment in transportation, warehousing and postal industry, and explores the high-quality development path of agricultural product supply chain, in order to provide agricultural products between China and Central Asia. The high-quality development of agricultural product supply chain and the construction of a “dual circulation” pattern that promotes each other provide theoretical reference.





3. Material and Methods


3.1. Influence Mechanism of Logistics Development Level in Central Asian Countries


The development of cross-border supply chain between China and Central Asian countries is inseparable from the support of the logistics service capabilities of the Central Asian countries. A perfect logistics system can improve the trade efficiency of cross-border agricultural products and closely link the exporters and importers of trade together. Different from other products, agricultural products refer to living animal and plant agricultural products, whose properties are obviously different from industrial products, which also make the transportation and storage of agricultural products more difficult, and it faces the diversified needs of consumers. The quality and freshness of agricultural products are the first elements that consumers need to consider. The characteristics of agricultural products are easy to corrode and the length of fresh-keeping determines that the overall service function of the agricultural product supply chain depends on other products, which require a stronger logistics organization and management system, and has higher requirements for the development level of logistics in Central Asian countries. Specifically, the trade of agricultural products requires a higher level of logistics support, and no pollution and deterioration are the minimum requirements for the circulation of agricultural products.



The international logistics performance index is usually used to measure the comprehensive development level of a country’s logistics, which can be based on the efficiency of a country’s customs clearance procedures, the quality of infrastructure related to trade and transportation quality, the price of arranging, the difficulty of freight, and the quality of logistics services, the ability to track and inquire the goods, and the frequency of the goods arriving at the consignee within the predetermined time to describe the overall physical management ability and service level of a country. Countries with higher international logistics performance can comprehensively utilize and integrate resources, which can not only avoid excessive investment in resources, but also maximize profits with the least amount of resources. Generally speaking, the level of logistics development is a key link in building a high-quality cross-border agricultural product supply chain. It has functions such as storage, delivery, processing, and distribution, and is an indispensable link in the international trade of agricultural products. A good level of logistics development can greatly shorten the transportation time, and provide a guarantee for the preservation and storage of agricultural products. At the same time, a good level of logistics development is also a necessary condition for deep processing of agricultural products, which plays an important role in improving the added value of primary agricultural products. On the other hand, a good level of logistics development is the basis for the development of cross-border agricultural product supply chains. Usually, it is only necessary to upgrade the original logistics basis to realize the effective connection between logistics and cross-border supply chains without investing a lot of manpower and material resources. It can also realize the diversified utilization of resources and improve the circulation efficiency of agricultural products.




3.2. Influence Mechanism of Transportation Facilities Connectivity


The connectivity of transportation facilities between China and Central Asian countries mainly includes road connectivity, railway connectivity, and air transport connectivity. It is worth noting that China shares common borders with Kazakhstan, Kyrgyzstan, and Tajikistan, which has great advantages for the connectivity and cooperation of road, railway, and air transportation facilities between China and Central Asian countries. As we all know, transportation infrastructure, as an important guarantee for international trade in goods, plays a decisive role in cross-border agricultural trade. Specifically, transportation infrastructure acts as a means of transportation for the functional connection between nodes and nodes, and between nodes and domains. When conducting trade between regions, the network characteristics of infrastructure can be used to transport commodities from one region to another. A region strengthens the inter-connection and mutual influence of life and production between regions.



The interconnected transportation infrastructure can reduce the construction cost of agricultural product supply chain to the greatest extent, and promote the trade between China and Central Asian countries. The connectivity of transportation infrastructure can facilitate trade in goods, international investment, and cultural exchanges, reduce the cost of factor flow between regions through trade in goods or culture, and at the same time increase the ability of countries to coordinate resource allocation. The improvement of the connectivity of transportation facilities in Central Asian countries can form a comparative advantage in the region, promote the formation and allocation of factors such as labor, capital, and technology among different economies, thereby reducing the construction cost of cross-border agricultural product supply chains. On the other hand, it reduces the cost of enterprise information and increases the profits of enterprises in cross-border agricultural trade. Due to the improvement of transportation, information communication, and energy infrastructure, cross-border agricultural products trading enterprises can reduce transportation losses, reduce storage costs, improve production efficiency and logistics efficiency, and thus increase corporate profits. At the same time, the connectivity of transportation infrastructure enhances the competitiveness of national trade, and the improvement of logistics service capabilities realizes the value and use value of agricultural products, guarantees the quality of agricultural products, and enables agricultural products to realize value-added in logistics and transportation.




3.3. Influence Mechanism of Comprehensive Economic Development Level


The comprehensive economic development factor is also an important factor affecting the supply chain between China and Central Asia, which mainly includes the economic development level, market size and geographical boundaries of the Central Asian countries(Figure 1). When a country has a relatively high level of economic development, as the level of economic development increases, the level of national consumption also increases, thereby increasing the demand for imported products, and the level of economic development of trading partner countries will affect bilateral trade cooperation from the perspective of demand. develop. At the same time, the gross domestic product (GDP) and population size of Central Asian countries reflect the macroeconomic strength and market demand of Central Asian countries, which not only helps to achieve economies of scale, but also provides impetus and space for product research and development, thereby obtaining stronger competitiveness. Geographical borders have a geographical advantage in agricultural trade, and bordering countries can choose a variety of transportation methods to transport goods. The scale effect will increase the trade quota of agricultural products.




3.4. Data Description


Due to the availability of data, the article selects the relevant data of China and Central Asian countries from 2010 to 2019. The data comes from the United Nations Trade Database (Uncomtrade), China’s Foreign Direct Investment Statistical Announcement, the World Bank Open Database (World Development Indicators), Ministry of Transport website and Capital International Airport website. Since the International Logistics Performance Index only has data for 2007, 2010, 2012, 2014, 2016, and 2018, the International Logistics Performance Index of similar years is used instead. Before building the model data analysis, for the convenience of subsequent data processing, the development level of the cross-border agricultural product supply chain was indexed by the entropy method, and the standardized data were multiplied by the weight to obtain a comprehensive score, which was used as the explained variable.



The calculation principle of entropy method is as follows:



Step 1: The dimensions and units of each indicator are different and cannot be directly compared and calculated. Therefore, before calculating the weight of each indicator, it is necessary to standardize it.



When the indicator is a positive indicator, its standardized formula is as follows:


   x  i j  ′  =    x  i j   -  x j  min      x j  max   -  x j  min      



(1)




when the indicator is a negative indicator, its standardized formula is:


   x  i j  ′  =    x j  max   -  x  i j      x j  max   -  x j  min      



(2)




when the indicator is moderate, its standardized formula is:


   x  i j  ′  = 1 −    |   x  i j   −  d i   |    max  |   x  i j   −  d i   |     



(3)




wherein    d i    is the determined standard value.



Step 2: In order to eliminate negative values for translation processing, some index values may have smaller or negative values after standardization processing. To unify and facilitate the calculation, the standardized values are translated to eliminate the above situations.


   x  i j   ″   = H +  x  i j  ′   



(4)




wherein H is the amplitude of index translation, generally taken as 1.



Step 3: Dimensionless data by specific gravity method:


   y  i j   =    x  i j   ″       ∑  i = 1  n    x  i j   ″        



(5)







Step 4: Calculate the entropy value of the j index:


   e j  = −  1  ln n     ∑  i = 1  n    y  i j     ln  y  i j    



(6)







Step 5: The difference coefficient of the j index:


   g j  = 1 −  e j   



(7)




wherein   j = 1 , 2 , ⋯ ⋯ p  



Step 6: The weight of the j index is:


   ω j  =    g j      ∑  j = 1  p    g j       



(8)




wherein   j = 1 , 2 , ⋯ ⋯ p  .



Comprehensive score is obtained by multiplying standardized data and weight.


   Z i  =   ∑  j = 1  p    ω j     x  i j  ′   



(9)








3.5. Variable Selection


Based on the previous theoretical analysis, during the development of agricultural product supply chain between China and Central Asian countries, the stable “going out” of Chinese agricultural enterprises is the first. At the same time, China’s investment in agriculture and supply chain-related industries in Central Asian countries, and whether Chinese agricultural and foreign-related enterprises can cooperate with the agricultural product supply chain of Central Asian countries, greatly affect the development of agricultural product trade supply chain between China and Central Asia.



First of all, referring to the research results of Wang [16], Peng [17], Puertas [20] Sui and Tian [36], Chen [37], Diao [38], Qian [39] the paper selects the import and export trade volume of agricultural products from China to Central Asian countries, China’s agricultural investment in Central Asian countries, and China’s investment volume to Central Asian countries in transportation, warehousing, and postal industry. The three variables are indexed by the entropy method to describe the development level (DSC) of cross-border agricultural product supply chain, and use it as the explained variable of the article. Second, logistics factors. In the process of international trade activities, the logistics development level of the trade target country affects its international trade activities to a certain extent. Therefore, in this section, we are using the comprehensive score of the logistics performance index of Central Asian countries to express the logistics development level of Central Asian countries. The comprehensive score of the logistics performance index reflects the recognition of a country’s logistics based on the efficiency of customs clearance procedures, the quality of trade and transportation related infrastructure, the difficulty of arranging freight with competitive prices, the quality of logistics services, the ability to track and query goods, and the frequency of goods arriving at the consignee within the scheduled time. With reference to the research results of Wang [16], Peng [17], Sui [40], Yang and Luo [41], the paper selects the international logistics performance index of Central Asian countries to describe the logistics development level (L) of Central Asian countries, which reflects the central Asian countries logistics development level (L). At the same time, China borders Kazakhstan, Kyrgyzstan, and Tajikistan and have geographical advantages, and the level of transport connectivity (TC) is also an important factor affecting the cross-border agricultural supply chain, including railway connectivity (RW), highway connectivity (HW), and aviation connectivity (AV), Zhou [42]. Finally, the comprehensive economic development level reflects the economic and trade status of Central Asian countries, which has a certain impact on the trade scale and trade volume of agricultural products, including the level of economic development (GDP), market size (M), and common border (B) Chao [43]. The meaning of each variable and the descriptive statistical analysis of each variable are shown in Table 1 and Table 2.




3.6. Model Construction


In order to further investigate the supply chain between China and Central Asian countries, this paper empirically examines the impact of the logistics development level, transportation facility connectivity level, and comprehensive economic development factors of the Central Asian countries on the cross-border development of China and Central Asia. Three benchmark regression equations were set for the impact of agricultural supply chain:


     D S C    it   = α lnLogitics    ( L )    it   + gTC    ( RW , HW , AV )    it   + β E D L    ( ln G D P , ln M , B )    it   +   u  i  +   u  t  +   ε   it    



(10)




where i is the ith country and t represents the tth period. Among them, DSC represents the development supply chain, Logistics represents the logistics level of Central Asian countries, TC represents the connectivity of transportation facilities, ELD represents the comprehensive economic development level, ui represents the individual random error term, ut represents the time random error term, εit represents the disturbance term [44,45].





4. Result Analysis


4.1. Correlation Analysis


Table 3 shows the results of correlation analysis on explanatory variables. The results show that there is a certain correlation between the variables, and the multicollinearity test is passed, indicating that the empirical results are meaningful.




4.2. Basic Regression Results and Analysis


First, we need to select an appropriate measurement model. For panel data, we first consider Wald test, Hausman test, and regression of core independent variables. According to fixed effect model and random effect model, random effect regression results: hypothesis test H0: difference in coefficients not systematic, Prob > chi2 = 0.8410 > 0.05, indicating that the original hypothesis is accepted at a probability of 5%, that is, random effect model is selected. The estimation results are shown in Table 4.



Table 5 reflects the empirical regression results. Among them, model (1) examines the relationship between the logistics development level of Central Asian countries and the development supply chains when the comprehensive economic development level is taken as the control variable. From the estimation results of model (1), it can be seen that the logistics development level of Central Asian countries has a significant positive impact on the development level of cross-border agricultural product supply chains at the level of 1%. The level will increase by 0.32 units, which shows that the level of logistics development is the foundation and important guarantee for the development of cross-border agricultural product supply chains, and a good level of logistics development can improve the supply chain. Models (2)–(4) show the impact of different modes of transportation on the supply chain of cross-border agricultural products when the comprehensive economic development level is taken as the control variable. It can be found that railway transportation has a significant positive impact on the development level of cross-border agricultural product supply chain at the level of 1%. The degree of influence is increasing. For every 1 unit increase in railway transportation connectivity, the level of cross-border agricultural product supply chain will increase by 1.056 units; road transportation connectivity is second only to railway transportation connectivity, which is positive at the level of 10%. In order to affect the development level of the cross-border agricultural product supply chain, for each unit of road transport connectivity, the supply chain level will increase by 0.151 units; the air transport connectivity has the least impact on the supply chain. It shows that cross-border agricultural products trading enterprises are more inclined to choose railway transportation, probably because the price of railway transportation is lower than that of road transportation and air transportation, and the freight volume is obviously higher than that of road and air transportation, so it is the preferred method of agricultural product trading enterprises.



Model (5) reflects the results of adding all variables to the regression model. The results show that the level of logistics development, railway transport connectivity, road transport connectivity, economic development level, market size, and common boundary are at 10% and 1%, respectively.10%, 5%, 1%, and 1% have a positive impact on the development level of cross-border agricultural product supply chain. Among them, the degree of railway transport connectivity has the greatest impact on the cross-border agricultural product supply chain, followed by the common border, and the third is the level of logistics development. This shows that transportation infrastructure is the main factor affecting cross-border agricultural product trade, and it is also an important part of the construction of the logistics system. The geographical advantage cannot be underestimated. It has a positive role in promoting the high-quality development of the cross-border agricultural product supply chain. China borders Kazakhstan, Kyrgyzstan, and Tajikistan, and the import and export trade volume of cross-border agricultural products is significantly larger than that of other Central Asia countries.




4.3. Robustness Check


In order to examine the robustness of the regression results, this paper further uses the random effects model (RE) on the basis of the Hausman test for empirical analysis, but there may still be two problems that are unavoidable in the panel model, namely the heteroscedasticity between groups and the within-group autocorrelation problems. Based on this, this paper draws on the processing method of Yang Lianxing and Luo Yuhui [41], and further uses the feasible generalized least squares (FGLS) and “OLS + panel correction standard error” (PCSE) for robustness testing. The model estimation results are shown in Table 6. It can be seen from the regression results that this regression result is basically consistent with the above regression results, which shows that the regression results of the article are robust.





5. Discussions and Conclusions


This paper explores the path of high-quality development of the cross-border agricultural product supply chain between China and Central Asian countries in the context of building a mutually reinforcing “dual cycle”. By analyzing the relationship between the logistics development level, the connectivity of transportation facilities and the comprehensive economic development factors of the Central Asian countries and the supply chain. From the overall regression results, the results show that the logistics development level, railway transport connectivity, road transport connectivity, economic development level, market size, and common boundary have a positive impact on the development level of cross-border agricultural product supply chain at a significant level of 10%, 1%, 10%, 5%, 1%, and 1% respectively. Among the influencing factor indicators, air transport connectivity has a positive impact on the high-quality development of cross-border agricultural product supply chain, but it has not passed the significance test, so the impact is not significant, which is consistent with the basic situation of reality. At the same time, the connectivity of transportation facilities is a key factor in the construction of cross-border agricultural product supply chains. In particular, railway connectivity is closely related to cross-border agricultural product supply chains. Good freight transportation will help to establish a complete transportation system and reduce transportation costs. The geographical advantage cannot be underestimated. It plays a positive role in promoting the high-quality development of cross-border agricultural product supply chain. China borders Kazakhstan, Kyrgyzstan, and Tajikistan, and the cross-border agricultural product import and export trade quota is significantly greater than that of other Central Asian countries, thereby promoting the development of cross-border agricultural product trade supply chain. The comprehensive economic development factors have a certain role in promoting the development of the cross-border agricultural product trade supply chain between China and Central Asian countries. When the economic development level of Central Asian countries is relatively high, improving the level of facility connectivity and promoting bilateral cooperative relations will further promote the development of cross-border agricultural product trade supply chains. The continuous expansion of the market scale will play an important supporting role in creating economies of scale, and at the same time provide internal drive and broad space for R&D products, thus enhancing competitive advantage.



Based on the above research conclusions, this paper draws the following inspirations: first, for the high-quality development of cross-border agricultural product supply chains, priority should be given to investment in infrastructure related to trade and transportation, such as ports, railways, highways, and airport connections. Advanced technologies should be developed and applied, the speed of railways and highways should be optimized, and increase the density of highways and railway networks, and build an efficient land transport network. To reduce the border effect in the context of international transactions, we should continue to strengthen the flow of building port infrastructure in border cities, promote the innovation of international freight management models, and further reduce the cost of cross-border freight, so as to strengthen the connectivity and interaction with neighboring countries. In addition, the sustainable development of the supply chain should be paid attention to. The United Nations has put forward a global sustainable development agenda and related sustainable development goals, in which the transportation field is regarded as a very important field of global sustainable development. For this reason, the United Nations has also set up a global sustainable cooperative development plan in the transportation field under its treaty organization. Therefore, in China, the interconnection between the development of the “Belt and Road” and the global transportation system needs to be integrated, and attention should be paid to the construction of soft infrastructure, especially the changes in trade, investment environment, infrastructure construction environment, and relevant standards, as well as the development of the cross-border trade system, the establishment of a cooperative partnership between transnational transportation enterprises, and improve the infrastructure to add value to the community. As a partner, we have reduced the cost of the supply chain and improved the circulation efficiency, realizing the leap from building cross-border supply chain transportation infrastructure.



Second, it is necessary to give full play to the coordinating and organizing role of the Shanghai Cooperation Economic Organization to open up the blocking points of cross-border logistics channels. At the same time, China’s Xinjiang should give full play to the role of the core area of the “Silk Road” economic belt, and speed up the construction of cross-border transportation infrastructure such as highways and railways between China and Central Asian countries, so as to promote bilateral trade cooperation among these countries. In terms of road transportation, strengthening the connection between the domestic freight base and the international economic cooperation zone affects the domestic trade and foreign transportation. It is not only necessary to improve the accessibility of cross-border transportation, but also to promote the connection between port cities and the core urban areas and developed urban areas of the country, and further strengthen the hinterland support capacity for the development of cross-border agricultural product trade between China and Central Asian countries.
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Figure 1. Influence mechanism. 






Figure 1. Influence mechanism.
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Table 1. Meaning of each variable.






Table 1. Meaning of each variable.





	
Variable Type

	
Variable Name

	
Variable Meaning

	
Data Sources






	
dependent variable

	
Development supply chain (DSC)

	
Import and export trade volume of agricultural products, agricultural investment, transportation, storage and postal industry investment (Ten thousand U.S. dollars)

	
Uncomtrade, China Outbound Investment Bulletin




	
independent variable




	
Logistics factor

	
Logistics development level (L)

	
The composite score of the Logistics Performance Index reflects the efficiency of customs clearance procedures, the quality of trade and transport-related infrastructure, ease of shipment, the quality of logistics services, the ability to track and trace shipments, and the frequency with which shipments arrive at consignees within the scheduled time.

	
World Bank




	
Connectivity of transportation facilities

	
railway transport connectivity (RW)

	
Whether to open a freight train with China (Yes = 1, No = 0)

	
Ministry of Transport website




	
highway transport connectivity (HW)

	
Whether to open road cargo transportation with China (Yes = 1, No = 0)

	
Ministry of Transport website




	
Air transport connectivity (AV)

	
Whether it has opened a flight with China (Yes = 1, No = 0)

	
Capital International Airport website




	
Comprehensive economic development level

	
The level of economic development (GDP)

	
GDP of Central Asian countries (en thousand U.S. dollars)

	
World Bank




	
market size (M)

	
Population (person)

	
World Bank




	
common border (B)

	
Is it bordering (yes = 1, no = 0)

	
World Bank
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Table 2. Descriptive statistical analysis.






Table 2. Descriptive statistical analysis.





	Variable
	Mean
	Standard Deviation
	Minimum Value
	Maximum Value





	DSC
	0.45
	0.17
	0.17
	0.98



	L
	0.90
	0.12
	0.69
	1.19



	RW
	0.20
	0.40
	0
	1



	HW
	0.60
	0.49
	0
	1



	AV
	0.76
	0.43
	0
	1



	GDP
	14.81
	1.31
	13.08
	16.83



	M
	4.31
	0.09
	4.14
	4.45



	B
	0.60
	0.49
	0
	1
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Table 3. Correlation coefficient matrix of explanatory variables.






Table 3. Correlation coefficient matrix of explanatory variables.















	
	L
	RW
	HW
	AV
	GDP
	M
	B





	L
	1
	
	
	
	
	
	



	RW
	0.560
	1
	
	
	
	
	



	HW
	0.160
	0.408
	1
	
	
	
	



	AV
	0.033
	0.102
	0.642
	1
	
	
	



	GDP
	0.430
	0.720
	0.229
	0.240
	1
	
	



	M
	0.250
	0.359
	0.141
	0.106
	0.673
	1
	



	B
	0.160
	0.408
	0.917
	0.167
	0.311
	0.231
	1
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Table 4. Regression results of explanatory variables of OLS, fixed effect, and random effect.






Table 4. Regression results of explanatory variables of OLS, fixed effect, and random effect.





	
Variables

	
OLS

	
T Value

	
FE

	
T Value

	
RE

	
Z Value






	
L

	
0.273 **

	
2.04

	
0.274 *

	
2.15

	
0.273 **

	
2.04




	
RW

	
0.355 ***

	
7.49

	
0.360 ***

	
8.39

	
0.355 ***

	
7.49




	
HW

	
−0.091 **

	
−2.62

	
−0.099 *

	
−1.94

	
−0.091 ***

	
−2.62




	
AV

	
−0.026

	
−0.71

	
−0.031

	
−0.47

	
−0.0267

	
−0.71




	
Coef

	
0.208

	
1.67

	
0.214

	
1.26

	
0.208 *

	
1.67




	
N

	
50

	
50

	
50

	
50

	
50

	
50




	
Adj R2

	
0.7138

	
0.7391

	

	




	
Wald chi2

	

	

	

	

	
126.23




	
F

	
31.56

	
52.18

	

	




	
p

	
0.0000

	
0.0000

	
0.0000








Note: *, **, *** represent significant at 10%, 5% and 1% levels respectively, and p value is the result of Wald test.
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Table 5. Model regression results.






Table 5. Model regression results.













	
	Model (1)
	Model (2)
	Model (3)
	Model (4)
	Model (5)





	L
	0.320 ***

(2.77)
	
	
	
	0.168 *

(1.66)



	RW
	
	0.883 ***

(4.16)
	1.051 ***

(5.31)
	1.056 ***

(5.31)
	0.930 ***

(4.44)



	HW
	
	
	0.172 **

(3.36)
	0.151 *

(2.58 )
	0.145 *

(2.53)



	AV
	
	
	
	0.045

(0.77)
	0.047

(0.83)



	GDP
	0.097 ***

(7.12)
	0.177 *

(2.50)
	0.234 ***

(3.54)
	0.238***

(3.57)
	0.205 **

(4.03)



	M
	0.020

(0.86)
	0.124 ***

(3.70)
	0.137 ***

(4.49)
	0.140 ***

(4.53)
	0.127 ***

(4.05)



	B
	0.086 *

(3.28)
	0.390 **

(3.18)
	0.647 ***

(4.81)
	0.627 ***

(4.57 )
	0.564 ***

(3.00)



	Cons
	−1.472 ***

(−9.67)
	2.273 *

(2.53)
	3.040 ***

(3.61)
	3.027 ***

(3.58)
	2.468 ***

(2.76)



	N
	50
	50
	50
	50
	50



	Wald chi2
	172.33
	212.18
	271.97
	270.08
	283.81



	p
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000







Note: *, **, *** represent significant at the 10%, 5% and 1% levels, respectively, the brackets are standard errors, and the p value is the result of the Wald test.
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Table 6. Robustness test.






Table 6. Robustness test.










	
	FGLS
	PCSE





	L
	0.168 *

(1.81)
	0.200 **

(2.37)



	RW
	0.930 ***

(4.42)
	0.886 ***

(5.30)



	HW
	0.145 ***

(−3.28)
	0.149 ***

(3.69)



	AV
	0.047

(4.85)
	0.032

(0.56)



	GDP
	0.205 ***

(0.91)
	0.190 ***

(3.47)



	M
	0.127 ***

(2.76)
	0.121 ***

(5.43)



	B
	0.564 ***

(4.39)
	0.542 ***

(4.85)



	Cons
	2.468 ***

(3.01)
	2.270 ***

(3.08)



	Greene Wald
	0.0000
	—



	Wooldrige Wald
	—
	0.0000



	R2
	0.8711
	0.8486



	N
	50
	50







Note: *, **, *** represent significant at the 10%, 5% and 1% levels, respectively.
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