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This study employs the stochastic frontier model (SFM) to analyze trade 
potential and efficiency in wheat and maize among Belt and Road Initiative 
(BRI) countries from 2002 to 2021, encompassing 45 countries for wheat 
trade and 55 for maize trade. The empirical findings reveal that economic 
development level, population growth, government efficiency, political stability, 
and regulatory quality are critical determinants of trade efficiency. Notably, 
World Trade Organization (WTO) membership exhibits a negative correlation 
with trade efficiency, potentially reflecting challenges in rule implementation 
and opportunity utilization among member states. In the context of maize trade, 
increased arable land area is inversely associated with efficiency, suggesting 
potential issues in managing large-scale agricultural regions or optimizing 
land use. The BRI’s impact on trade efficiency varies across countries, with 
Turkey and Hungary showing improved wheat trade efficiency, while Ethiopia 
and Georgia experienced declines. During the COVID-19 pandemic, effective 
disease management strategies and diversified trade mechanisms significantly 
influenced trade efficiency. Furthermore, the study reveals that larger economies 
do not necessarily outperform small and medium-sized economies in terms 
of trade potential. These findings contribute significantly to the literature on 
agricultural trade and offer valuable insights for policymakers, emphasizing the 
importance of enhancing government efficiency, political stability, and regulatory 
quality in the context of regional economic development initiatives such as 
the BRI. This research underscores the need for tailored approaches to trade 
policy and agricultural management, considering the unique characteristics and 
challenges faced by different economies along BRI.
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1 Introduction

Agricultural trade plays a crucial role in promoting regional development and ensuring 
food security, particularly in the context of China’s trade with Belt and Road Initiative (BRI) 
countries. The BRI, launched in 2013, is a significant effort by China to promote inter-regional 
economic development, and the initiative aims to facilitate trade and investment in the 
countries involved, fostering economic development not only in China but also in its partner 
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countries (Görg and Mao, 2022; Fan, 2023). The initiative supports 
free trade, connects economies worldwide through regional 
cooperation, and promotes the close connection of China’s foreign 
direct investment (FDI) and import and export trade with countries 
along the BRI (Gao et  al., 2022). This global initiative lays the 
foundation for strengthening agricultural trade, which is crucial for 
the economic stability and development of the countries participating 
in the BRI.

In the realm of agricultural economics, the trade of grain crops 
holds a pivotal position, underpinning the global food supply chain 
and influencing economic stability across nations. Agricultural 
efficiency is crucial for ensuring food security and generating income 
(Cai et al., 2024). The significance of grain crops trade extends beyond 
mere commodity exchange; it is a critical component in ensuring food 
security, stabilizing food prices, and facilitating the equitable 
distribution of food resources worldwide. Grain crops, including 
wheat, maize, rice, and soybeans, represent the backbone of global 
agriculture, providing essential nutrients to billions of people. Their 
trade patterns reflect complex interactions between national 
agricultural policies, global market dynamics, and environmental 
factors, highlighting the necessity for a nuanced understanding of 
grain trade’s economic and policy implications (Cao and Yuan, 2022; 
Rathore et al., 2023). In the global agricultural sector, wheat and maize 
are paramount to the food trade, serving as fundamental staples for 
billions worldwide. Compared to other corps, the study of wheat and 
maize’s trade potential holds greater significance due to their 
foundational role in global food security and their substantial impact 
on the agricultural economy. Data from the Food and Agriculture 
Organization (FAO) reveal that wheat and maize collectively account 
for a significant portion of the world’s grain trade, underscoring their 
pivotal role in global food systems. Specifically, the international trade 
volume for wheat reached approximately 184 million tonnes in 2020, 
while maize trade was close to 163 million tonnes in the same year, 
highlighting the massive scale at which these grains circulate globally 
(Food and Agriculture Organization of the United Nations (FAO), 
2021, 2023). This extensive trade volume indicates not just the global 
reliance on wheat and maize as staple foods but also their importance 
in the agricultural trade market. Countries across various continents 
depend on the importation of these crops to meet their domestic food 
demands, illustrating a global interdependence that underscores the 
strategic significance of wheat and maize trade. For instance, major 
wheat-importing countries include Egypt, Indonesia, and Algeria, 
whereas significant maize imports are seen in countries like Japan, 
Mexico, and South Korea, reflecting a diverse geographic reliance on 
these grains (United States Department of Agriculture (USDA), 2021, 
2023). Furthermore, The Arab world imports large quantities of wheat 
and maize through virtual water trade (VWT), which is crucial not 
only for ensuring regional food security but also for significantly 
promoting the conservation of water resources and arable land. Egypt, 
as the main importing country, saves 13.1 billion cubic meters of 
irrigation water and 2.1 million hectares of crop area annually through 
these imports, highlighting the central role of these crops in regional 
resource management.(Lee et al., 2018). Moreover, China’s strategic 
economic investments in wheat and maize imports, amounting to 
billions of dollars, underscore the critical importance of these crops in 
meeting the country’s growing food demand and ensuring national 
food security (Shahzad et al., 2019). This global dependence on wheat 
and maize trade underscores the importance of exploring their trade 

dynamics, as they influence food security policies, international trade 
agreements, and national economic strategies more profoundly than 
many other crops. In conclusion, wheat and maize trade plays a vital 
role in the global agricultural economy and food security. 
Understanding the dynamics and implications of their trade is 
essential for informing policy decisions and ensuring the stability and 
sustainability of the global food supply.

The literature on grain crops trade encompasses various crucial 
aspects, including the impact of international trade on introducing 
nonindigenous organisms into new habitats (Shimono and Konuma, 
2008), the influence of genetic and environmental factors on crop 
yield, particularly for wheat (Brinton et  al., 2017), the increasing 
global production of grain legumes owing to their diverse applications 
(Sinclair and Vadez, 2012), and the importance of forecasting 
agricultural commodity prices, such as widely consumed grains in 
Nigeria, which is essential for informed decision-making within the 
agricultural sector (Sanusi et al., 2022). Among these areas of study, 
the trade potential of grain crops, facilitated by the application of 
advanced econometric models like the stochastic frontier model 
(SFM), has emerged as a key area of interest. The application of SFM 
to examine the determinants of agricultural exports in Pakistan 
revealed potential for increased exports to neighboring countries, the 
Middle East, and European nations (Atif et al., 2017). Nguyen’s (2022) 
research employed SFM to investigate the “behind-the-border” 
constraints affecting Vietnam’s rice and coffee exports, demonstrating 
significant impacts on achieving full export potential and indicating 
opportunities for expanding exports within the Association of 
Southeast Asian Nations (ASEAN) as well as with the European Union 
and countries under the Comprehensive and Progressive Agreement 
for Trans-Pacific Partnership (CPTPP). Abdullahi et al. (2022) utilized 
the stochastic frontier gravity model to examine the determinants 
positively influencing China’s agricultural exports, the study finds that 
factors such as China’s economic size, the BRI framework, common 
borders, and linguistic similarities play pivotal roles in enhancing 
China’s agricultural export flows. Kamal et  al. (2020) utilized the 
SFGM to clarify the variation in trade between partner countries, 
while Abdullahi et al. (2021) focused on the determinants, efficiency, 
and potential of agri-food exports from Nigeria to the EU using the 
SFGM. Additionally, Tian (2023) employed the time-varying SFGM 
to measure China’s trade expansion space and other countries’ 
agricultural import dependence. These studies demonstrate the 
versatility of the SFGM in assessing agricultural trade efficiency across 
different regions and trade relationships. Furthermore, the SFGM has 
been employed to explore the prospective efficiency gains in trade 
arising from the liberalization of agricultural commerce, as 
investigated by Moon (2022). Building upon the existing literature, 
this study addresses a significant gap by examining the trade potential 
and efficiency of wheat and maize within the Belt and Road Initiative 
(BRI) framework. While the stochastic frontier model (SFM) has been 
widely employed in various trade studies, research specifically 
focusing on agricultural commodities in BRI countries remains 
limited. This paper applies SFM methodology to quantify trade 
efficiency and potential, identify factors influencing efficiency, and 
analyze variations among different countries. By concentrating on 
these key agricultural commodities within the BRI context, this 
research aims to enhance understanding of their trade dynamics and 
offer valuable insights for policymakers and stakeholders in the 
agricultural sector. The findings of this study contribute to the growing 
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body of literature on agricultural trade within the BRI framework and 
provide empirical evidence to inform policy decisions in this critical 
area of international commerce.

Building upon this foundation and addressing the identified 
research gap, this study makes several noteworthy contributions to the 
existing body of literature. Firstly, it presents a thorough analysis of 
the trade potential and efficiency of wheat and maize among the Belt 
and Road Initiative (BRI) countries by utilizing the stochastic frontier 
model (SFM) to quantify trade efficiency and identify the factors that 
influence it. Secondly, the research underscores the importance of 
economic scale, market potential, government efficiency, political 
stability, and regulatory quality in enhancing trade efficiency while 
also examining the intricate relationship between World Trade 
Organization (WTO) membership and trade efficiency. Thirdly, the 
study uncovers disparities in the trade potential of wheat and maize 
across various countries, suggesting that higher domestic production 
levels may reduce the need for imports; however, international trade 
remains crucial for global food security. The findings provide valuable 
insights for developing effective agricultural trade policies and 
fostering regional economic growth, emphasizing the significance of 
improving government efficiency, political stability, and regulatory 
quality to increase trade efficiency. Lastly, by focusing on wheat and 
maize, this study contributes to a more profound understanding of the 
trade dynamics of these essential agricultural commodities within the 
BRI framework, paving the way for further research on the factors that 
influence trade efficiency.

The rest of the paper is organized as follows: section 2 presents the 
methodology, detailing the selection of BRI countries for the sample, 
the choice of agricultural products for analysis, and the construction 
of the stochastic frontier and trade inefficiency models. Section 3 
delves into the results and their implications, exploring the 
complexities of agricultural trade within the BRI framework. The 
concluding sections, 4 and 5, summarize the main findings and 
discuss the implications of the research, highlighting the agricultural 
trade potential in BRI countries and suggesting ways to enhance 
cooperation and optimize trade strategies, with an emphasis on the 
importance of improving government efficiency, political stability, and 
regulatory quality to significantly boost trade efficiency. Through the 
application of SFM, this study offers a fresh perspective and 
methodology for understanding and improving agricultural 
trade efficiency.

2 The data and methods

2.1 Sample size and data sources

This study covers 45 countries for wheat, and 55 countries for 
maize. We initially considered all countries participating in the Belt 
and Road Initiative. However, due to limitations in data availability 
and consistency from 2002 to 2021, we  restricted our sample to 
countries where reliable and consistent data on agricultural trade, 
economic indicators, and governance quality could be obtained for the 
period under study. This study builds upon previous comprehensive 
agricultural product research by focusing specifically on wheat and 
maize, two crops of paramount importance in global agriculture and 
trade. To analyze the efficiency and potential of agricultural trade in 
countries along the Belt and Road, both wheat and maize were 

selected due to their significance in global trade and food security. 
Wheat is a staple food and a major agricultural product in many 
countries, making it a crucial commodity for trade and food security 
(Zhang et  al., 2022). Additionally, the trade of wheat has been 
identified as a key component of international agricultural 
negotiations, such as the Belt and Road Initiative, to enhance global 
food security (Zhang et al., 2022). With regard to maize, its importance 
is equally significant. For instance, research conducted in Kupang 
District indicates the market dominance of Lamuru maize seed 
farming, showing its economic value and market growth potential 
(Bria and Joka, 2023). Efficiency in input practices, such as land use, 
has been identified as a key factor in increasing maize production, 
potentially mitigating the need for land expansion (Edison, 2021). 
Additionally, the cultivation of vegetable (sweet) maize varieties as a 
primary crop has been explored, highlighting the crop’s versatility 
(Sanaev et al., 2020). These findings collectively emphasize the critical 
role of wheat and maize in agricultural trade dynamics and underscore 
the necessity to ensure their sustainability and efficiency in 
trade relations.

The influencing factors in agricultural trade potential analysis in 
the Belt and Road countries are multifaceted and encompass various 
dimensions. Cultural and institutional distance, trade facilitation, 
reduction of tariff barriers, and trade network structure are significant 
factors affecting agricultural trade between China and the Belt and 
Road countries (Liu et al., 2020; Fan et al., 2022; Yang and Tsai, 2022; 
Zhang et al., 2022). The efficiency of China’s agricultural exports is 
also determined by a mix of economic indicators including per capita 
GDP, exchange rate fluctuations, geographic distance, and the 
landlocked nature of certain regions (Abdullahi et al., 2022; Khan 
et  al., 2024). Additionally, the strategic economic partnerships, 
exchange rate policy, and the development level of geo-economic 
relations play crucial roles in shaping agricultural trade dynamics 
(Muganyi and Chen, 2016; Hu et  al., 2020). Moreover, research 
indicates that the Belt and Road Initiative (BRI) has led to an 
expansion in the scale of agricultural trade in BRI countries, 
highlighting the initiative’s impact on trade potential (Wang 
et al., 2022).

This study draws upon a diverse array of reliable data sources 
to ensure a comprehensive analysis. The World Food and 
Agriculture Organization (FAO) database provided essential 
agricultural trade metrics, including yield, population, agricultural 
land, and GDP figures. To account for geographical factors, 
information on landlocked countries was sourced from publicly 
available geographical data. The World Bank’s Worldwide 
Governance Indicators (WGI) database supplied crucial 
governance metrics, specifically focusing on government 
efficiency, political stability, and regulatory quality. Additionally, 
World Trade Organization (WTO) membership status was 
obtained from the official World Trade Organization (WTO) 
website. Table  1 presents the names, interpretations, and 
theoretical rationales of the various variables.

2.2 Model setting

The stochastic frontier model (SFM) is primarily used to analyze 
and estimate trade efficiency and the potential of agricultural trade 
flows, considering a combination of both traditional gravity variables 
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such as the economic size of bilateral countries, population, distance, 
and whether they are landlocked, as well as inefficiency factors such 
as government efficiency, political stability, regulatory quality, and free 
trade agreements. Armstrong (2007) pointed out that in the stochastic 
frontier model, objective variables that do not change in the short 
term over time, such as the economic size of bilateral countries, 
population, distance, and whether they are landlocked, are mainly 
taken into account, while human factors such as government 
efficiency, political stability, regulatory quality, and free trade 
agreements are incorporated into the trade inefficiency model. 
Furthermore, Romyen et  al. (2023) used a copula-based gravity 
stochastic frontier model (GSFM) to estimate trade efficiency under 
free trade agreements for Thailand’s agricultural exports. Abdullahi 
et  al. (2022) examined the determinants and efficiency of China’s 
agricultural exports with its 114 importing countries using the SFGM, 
applied to an augmented gravity model. Additionally, Chu (2023) 
utilized the SFGM to explore the impact of digital trade on China’s 
trade potential and trade efficiency with countries participating in the 
Belt and Road Initiative.

The selection of variables such as yield, population size, arable 
land area, GDP, geographical characteristics, WTO membership, 
government efficiency, political stability, and regulatory quality is 
based on their relevance to capturing the multifaceted aspects of trade 
efficiency. Yield and arable land area are used to capture the 
agricultural capacity of the countries, while GDP and population size 
reflect economic and market potential. The inclusion of geographical 
characteristics and WTO membership provides insights into the 
logistical and regulatory environments that significantly impact trade 
efficiency. Moreover, government efficiency, political stability, and 
regulatory quality are incorporated to account for the institutional 
factors that influence trade performance. Based on these variables, this 
paper constructs a stochastic frontier model to analyze agricultural 
trade flows.
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where i represents a given country around the world, this 
econometric model evaluates the efficiency of imports 
from country i at time t, encapsulated by the natural logarithm 
of projected import volumes, ln (IMP)it. The model gauges 
the maximum possible trade value by integrating a host of 
explanatory variables: ln(Yield) represents the natural 
logarithm of agricultural output, providing insight into the 
productivity and potential of crop production; ln(POP) stands for 
the natural logarithm of population size, which can influence 
demand within the trade equation; ln(GDP) denotes the natural 
logarithm of economic size; ln(Corpland) measures the 
natural logarithm of the amount of arable land, reflecting the 
capacity for grain crop production; Gov and PolStab are the 
governance and political stability respectively, indicating how 
governance quality and political stability can impact trade flows; 
RegQual indicates the natural logarithm of country i’s regulatory 
quality at time t, a standardized measure of the quality and 
enforcement of regulations, and WTO signifies World Trade 
Organization membership, both of which can shape trade policies 
and conditions. The model also accounts for stochastic 
disturbances through vit, capturing random shocks, and includes 
an inefficiency term uit, which adjusts for specific, time-invariant 
characteristics in trade relations, providing a nuanced 
understanding of import efficiency and potential across 
different nations.

TABLE 1 Variable descriptions and theoretical rationale.

Variable Interpretation Theoretical rationale

Yield (hg/ha)

(Log of Output)
Natural logarithm of output, representing the level of production

Utilized to transform the production variable into a linear 

relationship, facilitating the interpretation of elasticity effects

lnpop

(Log of Population)

Natural logarithm of population size, reflecting market size or 

available labor force

Indicates potential demand and supply dynamics in agricultural 

markets, influencing trade flows

lncorpland (Value, 1,000 ha)

(Log of Agricultural Land)

Natural logarithm of the size of agricultural land, denoting 

agricultural capacity

Agricultural land is a critical input for agricultural production, 

impacting the volume and efficiency of agricultural outputs

lnGDP (US$, millions)

(Log of GDP)

Natural logarithm of Gross Domestic Product, signifying economic 

magnitude

GDP is indicative of a country’s economic capacity, influencing its 

role in global agricultural trade

interland

(Landlocked)

Binary indicator for countries without direct access to maritime 

routes

Landlocked status affects transportation costs and trade logistics, 

presenting unique challenges for agricultural trade

Z_Gover

(Government Efficiency)
Standardized measure of the efficacy of government administration

Government efficiency is pivotal for creating conducive trade 

environments through infrastructure development and policy 

formulation

Z_Political

(Political Stability)
Standardized measure of the stability of the political environment

Political stability is essential for sustaining long-term trade 

relationships and ensuring market confidence

Z_Regulatory

(Regulatory Quality)
Standardized measure of the quality and enforcement of regulations

The regulatory framework affects the trade environment by 

influencing operational costs and legal certainty for businesses

Z_WTO

(WTO Membership)

Binary indicator of membership status within the World Trade 

Organization

Reflects a country’s adherence to international trade norms and 

practices, potentially facilitating agricultural trade
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3 Empirical results

3.1 Estimated results

The empirical results of stochastic frontier models are presented 
in Tables 2, 3, to uncover the details and trends of influencing 
factors. Table  2 presents the estimated results of six stochastic 
frontier models for wheat. Each model assesses the efficiency of 
wheat trade based on a variety of variables and assumptions. By 
comparing the Akaike information criterion (AIC) values across 
these models, we can evaluate which model most effectively explains 
the data. Model 6, with the lowest AIC value of 2461.994, suggests 
it offers the best fit to the data while accounting for model 
complexity. This model, incorporating both time fixed effects and 
country fixed effects, provides an in-depth analysis of the factors 
influencing the efficiency of wheat trade in countries along the “Belt 
and Road.” The slight negative impact of yield variation on trade 
efficiency (with a coefficient of −0.003 and a significance level of *) 
suggests that while an increase in yield might reduce dependence 
on international markets to some extent, it could also slightly 
decrease trade efficiency due to market saturation and increased 

costs of storage and transportation. This finding emphasizes the 
need to consider and balance the relationship between domestic 
supply and international trade when increasing yield, and to 
enhance trade efficiency by improving production efficiency rather 
than merely expanding cultivated areas. The coefficient for 
population size (lnpop) is 1.7330 (significance level ***), indicating 
that an increase in the logarithm of population size is positively 
correlated with wheat trade efficiency. This result may reflect the 
positive role of larger market size and consumption potential in 
enhancing trade efficiency. Similarly, the coefficient for GDP 
(lnGDP) is 1.0484 (significance level ***), indicating that the 
logarithmic growth of GDP has a positive impact on wheat trade 
efficiency, emphasizing the importance of economic development 
level in promoting trade efficiency. Notably, the coefficient for the 
“interland” (landlocked country) variable is 2.8815 (significance 
level ***), indicating a significant positive correlation between being 
a landlocked country and wheat trade efficiency. This may reflect 
that landlocked countries, facing unique geographical and logistical 
challenges, have taken effective measures to enhance trade efficiency, 
or they may focus more on strategies to improve trade efficiency due 
to geographical constraints.

TABLE 2 The estimated results of stochastic frontier models for wheat.

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

(Intercept)
9.599***

(1.254)

−8.9550

(5.8600)

11.5190***

(0.7826)

10.7160***

(0.6899)

−13.8880**

(5.0444)

−13.6050**

(4.1942)

lnYield
−0.7421***

(0.1187)

−0.7651***

(0.1904)

−0.6445***

(0.0782)

−0.5158***

(0.0693)

−0.5610**

(0.1764)

−0.003*

(0.1261)

lnpop
1.6950***

(0.0844)

2.5390***

(0.4248)

1.3424***

(0.0595)

1.3001***

(0.0619)

2.4412***

(0.3884)

1.7330***

(0.3144)

lncorpland
−0.9723***

(0.0537)

−1.9080***

(0.4287)

−0.6091***

(0.0506)

−0.5578***

(0.0446)

−0.8782*

(0.3648)

−0.1436

(0.2725)

lnGDP
0.0893

(0.0586)

1.6550***

(0.1829)

0.0745

(0.0397)

0.0336

(0.0387)

1.2344***

(0.1882)

1.0484***

(0.1553)

interland
0.0381

(0.1250)

1.8500*

(0.8973)

0.1733*

(0.0792)

0.1383

(0.0757)

2.4924***

(0.7321)

2.8815***

(0.5951)

Z_Gover
−1.1456*

(0.4467)

4.0053***

(0.6888)

Z_Political
1.9276***

(0.2709)

2.1957***

(0.3860)

Z_Regulatory
−1.0957**

(0.3576)

1.3487*

(0.6117)

Z_WTO
0.3948

(0.3229)

−4.0125***

(0.8760)

sigmaSq
6.2202***

(0.3212)

5.8206***

(0.5478)

2.4318***

(0.1773)

5.8599***

(0.7582)

gamma
0.9884***

(0.0032)

0.9869***

(0.0034)

0.9192***

(0.0208)

0.9848***

(0.0040)

Time fixed effects No Yes No No Yes Yes

Country fixed effects No Yes No No Yes Yes

Adjusted R-squared 0.4915 0.7744

AIC 3368.927 2693.827 3109.474 3035.461 2601.172 2461.994
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Furthermore, Model 6 also shows that the coefficient for 
government efficiency (Z_Gover) is 4.0053 (significance level ***), the 
coefficient for political stability (Z_Political) is 2.1957 (significance 
level ***), and the coefficient for regulatory quality (Z_Regulatory) is 
1.3487 (significance level *). These results highlight the important role 
of efficient government operations, stable political environments, and 
high-quality regulation in reducing transaction costs and risks, 
thereby enhancing trade efficiency. The coefficient for WTO 
membership is −4.0125 (significance level ***), indicating a significant 
negative correlation between WTO membership and wheat trade 
efficiency. This result may initially seem surprising, as WTO members 
are generally expected to increase their trade efficiency by promoting 
trade liberalization and providing a more stable and predictable trade 
environment. However, this negative correlation may reflect the 
challenges WTO members face in implementing WTO rules and 
commitments, especially for those countries that may lack the 
preparation or resources to adapt to rapid trade liberalization. 
Additionally, this may also indicate differences in trade efficiency 
among WTO members, where some countries may not fully utilize 
the opportunities provided by WTO membership due to various 
internal and external factors. Therefore, the impact of WTO 
membership on wheat trade efficiency is complex and multifaceted, 

requiring further research to deeply understand the underlying 
mechanisms. This includes considering the adaptation process of 
member countries after joining the WTO, their capacity in 
implementing trade policies, and how they utilize the WTO 
framework to enhance their trade efficiency.

By comprehensively considering these variables, Model 6 not only 
provides an in-depth understanding of the factors affecting wheat 
trade efficiency in countries along the “Belt and Road” but also ensures 
the robustness of the analysis results by controlling for time and 
country-specific fixed effects. This approach allows us to more 
accurately identify and assess the key factors influencing 
trade efficiency.

Table 3 presents the estimated results of six stochastic frontier 
models for maize. Model 6 provides an in-depth analysis of the 
factors affecting maize trade efficiency by incorporating both time 
fixed effects and country fixed effects, along with the lowest AIC 
value (3134.701). In Model 6, the coefficient for cultivated land area 
(lncorpland) is −0.7334 (significance level ***), indicating that an 
increase in the logarithm of cultivated land area is significantly 
negatively related to maize trade efficiency. This may reflect 
efficiency issues in managing larger agricultural areas or challenges 
in optimizing land use for trade purposes. The coefficient for GDP 

TABLE 3 The estimated results of stochastic frontier models for maize.

Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

(Intercept)
2.084

(−1.528)

−422.0221

(−245.8374)

6.0087***

(−1.2201)

4.7122

(−1.0532)***

0.0086

(−2.9897)

1.4602

(−2.6194)

lnYield
−0.1539

(−0.1369)

−0.4791

(−0.1675)**

−0.2561*

(−0.1023)

−0.0681

(−0.0825)

−0.4687**

(0.1472)

−0.2560

(−0.1404)

lnpop
0.2239*

(0.1125)

−0.3611

(−0.3252)

0.5652***

(−0.1021)

0.8336

(−0.1084)***

0.2873

(−0.3178)

−0.1086

(−0.2077)

lncorpland
−0.1322*

(0.0671)

−0.7349*

(−0.2924)

−0.2928***

(−0.0668)

−0.2185***

(−0.0621)

−0.0160

(−0.2187)

−0.7334***

(0.1502)

lnGDP
0.892***

(0.0784)

1.8806***

(−0.2392)

0.6847***

(−0.0744)

0.3831***

(0.0648)

1.0408***

(0.1825)

1.9596***

(0.2771)

interland
0.1442

(−0.1643)

−121.7121

(−72.4592)

−0.2477

(−0.1613)

−0.33213*

(0.1340)

0.2131

(−0.4119)

−0.0699

(−0.2332)

Z_Gover
−0.8501*

(0.3544)

−1.5334***

(0.4459)

Z_Political
−0.0152

(−0.1732)

0.3837

(−0.1967)

Z_Regulatory
−1.1907***

(0.3206)

0.2334

(−0.4537)

Z_WTO
2.432***

(0.1950)

−1.2546*

(0.5063)

sigmaSq
12.253***

(0.8971)

7.0885***

(0.5059)

2.6699***

(0.2186)

4.086***

(0.5242)

gamma
0.9676***

(0.0146)

0.9837***

(0.0046)

0.9600***

(0.0199)

0.9837***

(0.0173)

Time fixed effects No Yes No No Yes Yes

Country fixed effects No Yes No No Yes Yes

Adjusted R-squared 0.4403 0.8702

AIC 4749.978 3210.461 4659.648 4537.628 3143.644 3134.701
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(lnGDP) is 1.9596 (significance level ***), showing that an increase 
in the logarithm of GDP positively affects maize trade efficiency. 
This highlights the importance of the level of economic 
development in promoting trade efficiency, where wealthier 
economies may have better infrastructure and systems to facilitate 
trade. Moreover, Model 6 also shows that the coefficient for 
government efficiency (Z_Gover) is −1.5334 (significance level 
***), and the coefficient for WTO membership (Z_WTO) is 
−1.2546 (significance level *). These results highlight the complex 
role of governance, regulatory quality, and international trade 
agreements in influencing trade efficiency. The negative coefficients 
may indicate that, although these factors are crucial, challenges and 
efficiency issues need to be  addressed to fully leverage their 
potential in enhancing trade efficiency. Therefore, the impact of 
these variables on maize trade efficiency is complex and 
multifaceted, requiring further research to deeply understand the 
mechanisms behind them. This includes considering how countries 
can optimize agricultural productivity, manage population growth, 
and improve governance and regulatory frameworks to enhance 
trade efficiency.

Tables 2, 3 respectively provide an analysis of the trade efficiency 
of wheat and maize from 2002 to 2021 under the “Belt and Road” 
initiative, conducted through six different models using stochastic 
frontier models. In the analysis of wheat trade efficiency, the results of 
Model 6 highlight the importance of the level of economic 
development, population size growth, as well as efficient government 
operations, stable political environments, and high-quality regulation 
in promoting trade efficiency. However, the impact of WTO 
membership on wheat trade efficiency shows a negative correlation, 
which might reflect the challenges WTO members face in 
implementing WTO rules and commitments. In the analysis of maize 
trade efficiency, an increase in the area of cultivated land is significantly 
negatively correlated with maize trade efficiency, reflecting potential 
efficiency issues in managing larger agricultural areas or optimizing 
land use for trade purposes. Additionally, the negative impacts of 
government efficiency and WTO membership on maize trade 
efficiency underscore the complex role of governance, regulatory 
quality, and international trade agreements in influencing trade 
efficiency. Therefore, the factors affecting the trade efficiency of wheat 
and maize are complex and multifaceted, necessitating further 
research to deeply understand the mechanisms behind them. This 
includes considering how to optimize agricultural productivity, 
manage population growth, and improve governance and regulatory 
frameworks to enhance trade efficiency.

Building on the insights from Tables 2, 3 regarding the trade 
efficiency of wheat and maize, Figure  1 compares the average 
efficiency of wheat and maize from 2002 to 2021, revealing that 
wheat’s efficiency, though fluctuating, generally exhibits a slight 
upward trend, peaking at 0.55 before slightly declining to 0.49 by 
2021. In contrast, maize’s efficiency starts lower, shows some 
variability, but overall remains relatively stable, concluding at 0.37 in 
2021, which is similar to initial value. This indicates that while both 
crops have seen efficiency fluctuations, wheat has experienced a 
modest improvement over the period, whereas maize’s efficiency has 
remained stable without a significant long-term increase. Further 
research would be necessary to examine factors influencing these 
trends, including shifts in agricultural practices, climate conditions, 
and technological advancements in farming. Such factors might 

encompass technological progress in agriculture, global climate 
pattern changes affecting crop yields, and shifts in market demand or 
agricultural policy.

3.2 Country-level trade efficiency results

Tables 4, 5 provide a statistical descriptive of country-level trade 
efficiency scores for wheat and maize over the period from 2002 to 
2021. The tables categorize data into several key metrics: overall mean 
trade efficiency, minimum and maximum efficiency scores observed, 
mean efficiency up to 2013 (prior to the Belt and Road Initiative, BRI), 
mean efficiency after 2013 (post-BRI implementation), and mean 
efficiency during the COVID-19 pandemic years of 2020–2021.

Table 4 presents a comprehensive analysis of wheat trade efficiency 
scores spanning the period from 2002 to 2021. A notable divergence 
can be observed between the mean trade efficiency scores prior to and 
following 2013, suggesting the potential influence of the BRI on the 
dynamics of trade. Turkey and Hungary, for instance, exhibited a 
marked improvement in their post-2013 mean efficiency, with 
Turkey’s score increasing from 0.4978 to 0.7585 and Hungary’s from 
0.2824 to 0.7597, which can be  attributed to the enhanced trade 
facilitation and infrastructure development fostered by the BRI, such 
as improved rail connectivity and streamlined customs procedures. 
Conversely, Georgia and Jordan experienced a decline in trade 
efficiency in the post-2013 era, with Georgia’s score dropping from 
0.7209 to 0.5534 and Jordan’s from 0.7042 to 0.4765, potentially 
indicating the presence of infrastructural or political obstacles that the 
BRI has not sufficiently addressed. Furthermore, an examination of 
the average efficiency scores during the COVID-19 pandemic provides 
valuable insights into the resilience and vulnerabilities of trade 
networks in the face of global disruptions. South Africa and Croatia, 
for example, demonstrated remarkable trade efficiency throughout the 
pandemic, with scores of 0.7359 and 0.8178 respectively, suggesting 
the presence of effective pandemic management strategies or well-
diversified trade mechanisms that mitigated the impact of the crisis. 
In contrast, Egypt and Jordan experienced a significant decline in 
trade efficiency, with scores dropping to 0.3257 and 0.3538 
respectively, underlining the detrimental effects of the pandemic on 
their trade operations, which may have been exacerbated by 
pre-existing infrastructural or economic vulnerabilities. This disparity 
in pandemic-era performance highlights the varying degrees of trade 
resilience across different countries and emphasizes the need for 
robust crisis management strategies in international trade.

The analysis of wheat trade efficiency reveals a complex landscape 
of winners and losers in the post-BRI era and during the COVID-19 
pandemic. While some countries have significantly benefited from 
improved infrastructure and trade facilitation, others have struggled 
to maintain their efficiency levels. This variability suggests that the 
impact of large-scale initiatives like the BRI and global crises like the 
pandemic is not uniform and warrants further investigation into 
country-specific factors that contribute to trade resilience.

Table 5 presents a comprehensive analysis of maize trade efficiency 
scores spanning the period from 2002 to 2021. A notable divergence 
can be observed between the mean trade efficiency scores prior to and 
following 2013, suggesting the potential influence of the BRI on the 
dynamics of trade. Slovenia and Georgia, for instance, exhibited a 
marked improvement in their post-2013 mean efficiency, with 
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Slovenia’s score rising from 0.5005 to 0.7207 and Georgia’s from 0.4447 
to 0.6530, which can be attributed to the enhanced trade facilitation 
and infrastructure development fostered by the BRI, such as improved 
port facilities and digital trade platforms. Conversely, China 
experienced a decline in trade efficiency in the post-2013 era, with its 
score decreasing from 0.6189 to 0.2597, potentially influenced by a 
complex interplay of factors, including domestic and foreign policy 
shifts and fluctuations in the macroeconomic landscape. Furthermore, 
an examination of the average efficiency scores during the COVID-19 
pandemic provides valuable insights into the resilience and 
vulnerabilities of trade networks in the face of global disruptions. 
Oman and Qatar, for example, demonstrated remarkable trade 
efficiency throughout the pandemic, with scores of 0.7780 and 0.7742 
respectively, suggesting the presence of effective pandemic 
management strategies or well-diversified trade mechanisms that 
mitigated the impact of the crisis. In contrast, Egypt experienced a 
significant decline in trade efficiency, with its score dropping to 
0.2587, underlining the detrimental effects of the pandemic on its 
trade operations, which may have been exacerbated by pre-existing 
infrastructural or economic vulnerabilities. The varied responses to 
the pandemic underscore the importance of adaptable trade policies 
and robust supply chain management in maintaining trade efficiency 
during global crises.

Tables 4, 5 provide a detailed analysis of country-level wheat and 
maize trade efficiency scores from 2002 to 2021. By comparing the 
data before and after the implementation of the Belt and Road 
Initiative (BRI), changes in trade efficiency for wheat and maize in 
different countries can be observed. For example, China’s wheat trade 
efficiency significantly improved after the implementation of the BRI, 
increasing from 0.5482 to 0.6352, while maize trade efficiency 
declined, dropping from 0.6189 to 0.2597. This difference may be due 
to various factors. First, the BRI may have focused more investment 
and improvements on infrastructure and logistics related to wheat 
trade, thereby enhancing overall wheat trade efficiency. Second, 
changes in China’s domestic agricultural policies and market demand 
may have different impacts on the trade of different agricultural 
products. Wheat, as a major grain crop, may benefit from more stable 
and prioritized policy support, while maize may be  affected by 
adjustments in domestic supply chains, market demand fluctuations, 

and changes in international trade policies. Additionally, changes in 
the global market environment and trade partnerships may also have 
different impacts on the trade efficiency of different agricultural 
products. Therefore, although the BRI generally promotes trade 
facilitation, its specific impact varies significantly between different 
agricultural products and countries, requiring further in-depth 
research and analysis.

In comparing wheat and maize trade efficiencies, it’s notable that 
wheat trade generally showed more resilience and improvement 
post-BRI and during the pandemic. This could be attributed to wheat’s 
status as a staple food crop, which may have led to more consistent 
demand and prioritized trade facilitation efforts. Maize, often used as 
animal feed, may be  more susceptible to fluctuations in livestock 
industry demands and alternative feed options. In synthesizing the 
observations from both tables, it is evident that the BRI’s potential to 
enhance trade efficiency is significant but not uniformly positive 
across all participating countries. The effectiveness of pandemic 
response measures, political stability, and existing infrastructure play 
critical roles in determining the extent of benefits derived from the 
initiative. Moreover, the COVID-19 pandemic underscores the 
importance of resilient and diversified trade networks. Future research 
could focus on identifying best practices from countries that 
maintained high trade efficiency during the pandemic, potentially 
informing policy recommendations for enhancing trade resilience in 
the face of global crises.

3.3 Potential of countries by GDP and yield 
tiers results

Figures 2, 3 are created by categorizing countries based on their 
GDP sizes—large, medium, and small—and analyzing the trends and 
dynamics of trade potential among countries with different GDP 
levels. This approach aims to uncover the differences in trade potential 
among countries at various economic levels. In Figure 2, countries of 
different economic sizes exhibit varying characteristics in terms of 
wheat trade potential. Large economies such as the Russian 
Federation, China, and Turkey, despite their significant positions in 
the global economy, do not significantly outperform medium or small 
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Average efficiency of wheat and maize average efficiency from 2002–2021.
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TABLE 4 Country-level wheat trade efficiency scores, 2002–2021.

Country Mean Min Max Mean up to 
2013

Mean after 
2013

Mean 2020–
2021

Israel 0.7276 0.5135 0.8465 0.7774 0.6528 0.5420

Republic of Korea 0.6897 0.4669 0.8176 0.7076 0.6629 0.6197

New Zealand 0.6604 0.3116 0.8003 0.6289 0.7077 0.5975

Bangladesh 0.6583 0.4085 0.8066 0.6231 0.7112 0.6767

Georgia 0.6539 0.3572 0.8273 0.7209 0.5534 0.4395

Morocco 0.6526 0.3528 0.7768 0.6296 0.6871 0.7293

South Africa 0.6433 0.2204 0.7999 0.5988 0.7100 0.7359

Egypt 0.6358 0.2290 0.8022 0.6655 0.5912 0.3257

Armenia 0.6242 0.3535 0.7916 0.6540 0.5794 0.5327

North Macedonia 0.6211 0.2862 0.8156 0.5855 0.6744 0.6308

Jordan 0.6132 0.3222 0.8294 0.7042 0.4765 0.3538

Albania 0.6046 0.3767 0.7786 0.6572 0.5258 0.5230

Turkey 0.6021 0.0417 0.8710 0.4978 0.7585 0.8078

Kuwait 0.5995 0.3962 0.8252 0.6321 0.5508 0.5959

Tajikistan 0.5955 0.1684 0.7692 0.5313 0.6918 0.5566

Czechia 0.5870 0.0725 0.8258 0.5155 0.6943 0.7886

Thailand 0.5837 0.1739 0.8897 0.4593 0.7704 0.7514

China 0.5830 0.2357 0.8992 0.5482 0.6352 0.7896

Slovenia 0.5720 0.1379 0.8728 0.4720 0.7219 0.7149

Myanmar 0.5503 0.1336 0.8011 0.4236 0.7404 0.7624

Poland 0.5430 0.0560 0.8511 0.5214 0.5754 0.5558

Kyrgyzstan 0.5196 0.1567 0.8370 0.6034 0.3939 0.2195

Afghanistan 0.5167 0.1029 0.8879 0.5777 0.4252 0.4479

Oman 0.5156 0.3017 0.9070 0.4565 0.6042 0.6913

Lithuania 0.5144 0.0988 0.8665 0.4307 0.6399 0.6409

Ethiopia 0.5082 0.1796 0.8087 0.6308 0.3244 0.2187

Saudi Arabia 0.4977 0.0005 0.8391 0.3174 0.7682 0.7066

Estonia 0.4920 0.1105 0.8952 0.5243 0.4436 0.2527

Hungary 0.4733 0.0025 0.8416 0.2824 0.7597 0.7447

Romania 0.4651 0.0612 0.8827 0.3437 0.6471 0.6385

Azerbaijan 0.4642 0.3207 0.6858 0.5086 0.3976 0.3687

Russian Federation 0.4607 0.0996 0.9068 0.4806 0.4308 0.2107

Bulgaria 0.4509 0.0779 0.8597 0.3669 0.5769 0.5615

Slovakia 0.4478 0.0209 0.8762 0.5336 0.3193 0.1630

Iraq 0.4213 0.0278 0.7922 0.6121 0.1350 0.1474

Uzbekistan 0.3760 0.0040 0.7551 0.1922 0.6515 0.6725

Croatia 0.3758 0.0033 0.8768 0.1174 0.7634 0.8178

Iran (Islamic Republic of) 0.3753 0.0119 0.8438 0.3774 0.3723 0.5787

Bhutan 0.3279 0.0365 0.8432 0.3505 0.2940 0.1126

Syrian Arab Republic 0.2759 0.0284 0.8718 0.2628 0.2954 0.0329

Belarus 0.2341 0.0005 0.6657 0.2640 0.1894 0.1394

Bosnia and Herzegovina 0.2229 0.0417 0.3228 0.1939 0.2664 0.2250

Republic of Moldova 0.2034 0.0115 0.9354 0.2824 0.0849 0.1519

Kazakhstan 0.1786 0.0020 0.9436 0.1115 0.2793 0.7392

Ukraine 0.1083 0.0039 0.9515 0.1590 0.0322 0.0777
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TABLE 5 Country-level trade efficiency scores of maize, 2002–2021.

Country Mean Min Max Mean up to 2013 Mean after 2013 Mean 2020–2021

Israel 0.6575 0.3104 0.7960 0.7038 0.5882 0.3838

Albania 0.6475 0.3847 0.8087 0.7039 0.5629 0.4257

Republic of Korea 0.6261 0.3615 0.8094 0.7244 0.4787 0.3652

Malaysia 0.6185 0.3418 0.8200 0.7036 0.4910 0.3476

Saudi Arabia 0.5980 0.3068 0.8102 0.5815 0.6227 0.4819

Morocco 0.5925 0.4263 0.7848 0.6555 0.4980 0.4721

Slovenia 0.5886 0.3092 0.8242 0.5005 0.7207 0.7654

United Arab Emirates 0.5681 0.2080 0.8701 0.6214 0.4882 0.4397

Egypt 0.5505 0.2352 0.7476 0.5984 0.4785 0.2587

Kuwait 0.5448 0.2639 0.7949 0.6331 0.4123 0.2945

North Macedonia 0.5415 0.1981 0.8008 0.6625 0.3601 0.2961

Qatar 0.5371 0.0819 0.8103 0.5553 0.5097 0.7742

Panama 0.5321 0.2297 0.7945 0.6649 0.3329 0.3332

Georgia 0.5281 0.0203 0.8461 0.4447 0.6530 0.5959

Oman 0.5200 0.1090 0.8104 0.4130 0.6805 0.7780

Armenia 0.4987 0.0041 0.8343 0.5629 0.4024 0.3380

Turkey 0.4941 0.0240 0.9029 0.5041 0.4791 0.3562

Iran (Islamic Republic of) 0.4937 0.1914 0.7480 0.4261 0.5952 0.5626

Romania 0.4882 0.0315 0.8449 0.4639 0.5246 0.5836

Bangladesh 0.4784 0.1455 0.8327 0.4862 0.4668 0.4610

Philippines 0.4784 0.0553 0.8202 0.3853 0.6180 0.4697

China 0.4752 0.1594 0.8474 0.6189 0.2597 0.3348

Croatia 0.4635 0.0356 0.8819 0.4289 0.5154 0.5405

Poland 0.4616 0.0564 0.8471 0.5504 0.3284 0.1950

Lithuania 0.4588 0.1483 0.8507 0.3784 0.5794 0.5643

Vietnam 0.4551 0.0829 0.8575 0.2565 0.7528 0.5727

Czechia 0.4466 0.0625 0.8799 0.2705 0.7107 0.6411

Maldives 0.4408 0.0476 0.8730 0.3186 0.6242 0.6879

Slovakia 0.4315 0.0358 0.8760 0.4319 0.4308 0.2979

Hungary 0.4282 0.0199 0.8777 0.3323 0.5720 0.6336

Nepal 0.4184 0.0073 0.8174 0.2508 0.6698 0.6244

Indonesia 0.4152 0.0976 0.8709 0.5000 0.2880 0.1207

Azerbaijan 0.4104 0.0641 0.7484 0.4307 0.3798 0.1474

Belarus 0.4061 0.0970 0.8811 0.5081 0.2531 0.1313

Bosnia and Herzegovina 0.4025 0.0808 0.6263 0.4203 0.3758 0.1714

Bulgaria 0.3825 0.0227 0.8931 0.4807 0.2352 0.1353

Sri Lanka 0.3778 0.0205 0.8713 0.4469 0.2740 0.0447

Thailand 0.3706 0.0325 0.9024 0.3564 0.3918 0.8858

Myanmar 0.3619 0.0099 0.8373 0.2038 0.5991 0.6901

Syrian Arab Republic 0.3580 0.1358 0.7142 0.4165 0.2702 0.1645

Madagascar 0.3528 0.0158 0.8419 0.4664 0.1823 0.0228

Kyrgyzstan 0.3475 0.0293 0.8486 0.4828 0.1445 0.0754

Pakistan 0.3303 0.0602 0.9194 0.3422 0.3125 0.1568

New Zealand 0.3184 0.0086 0.9179 0.0614 0.7039 0.6086

South Africa 0.3126 0.0067 0.9258 0.3362 0.2771 0.0278

(Continued)
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FIGURE 2

Wheat potential of countries by GDP tiers in 2021: large, medium and small.

FIGURE 3

Maize trade potential of countries by GDP tiers in 2021: large, medium and small.

TABLE 5 (Continued)

Country Mean Min Max Mean up to 2013 Mean after 2013 Mean 2020–2021

Russian Federation 0.3076 0.0516 0.8786 0.4537 0.0885 0.0627

India 0.2751 0.0036 0.8940 0.1254 0.4997 0.4820

Ethiopia 0.2618 0.0084 0.8691 0.3893 0.0704 0.0742

Bhutan 0.2592 0.0079 0.7950 0.2088 0.3347 0.3049

Kazakhstan 0.2431 0.0179 0.9122 0.1640 0.3617 0.3165

Iraq 0.2381 0.0004 0.8868 0.0627 0.5012 0.8451

Republic of Moldova 0.2053 0.0103 0.8871 0.2080 0.2013 0.4292

Cambodia 0.1975 0.0038 0.8902 0.0436 0.4283 0.8883

Lao People’s Democratic 

Republic

0.1701 0.0242 0.9286 0.2339 0.0744 0.0799

Ukraine 0.1001 0.0144 0.1999 0.0861 0.1212 0.0574
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economies in wheat trade potential. This could be  due to these 
countries having a strong capacity for self-sufficiency and a more 
diversified economic structure, reducing their reliance on imported 
wheat. Additionally, varying dietary habits and consumption patterns 
across countries may also influence the demand for wheat.

In contrast, the analysis of maize trade potential in Figure 3 shows 
that large economies have a more pronounced potential in the maize 
market. This may be related to maize’s dual role as an important food 
and industrial raw material (such as for producing feed and biofuels). 
Larger economies, with their developed livestock industries and 
industrial demands, have relatively higher needs for maize. 
Furthermore, the international trade flow of maize might be more 
active, especially in countries where natural conditions are unfavorable 
for maize production, leading these countries to rely more heavily on 
imports to meet their needs. Some large economies might also engage 
more actively in the international maize market to ensure food security.

Through the analysis of wheat and maize trade potential under the 
2021 GDP tier classification, we  observe performance differences 

among countries of varying economic sizes in these two important 
agricultural product markets. These differences not only reflect the 
variations in agricultural production capabilities among countries but 
also their diversity in economic strategies, consumption demands, and 
other aspects. Understanding these differences is crucial for 
formulating effective international trade policies and promoting global 
food security. For large economies, such as China and the Russian 
Federation, domestic markets should be streamlined to reduce reliance 
on imports while simultaneously enhancing export capabilities. 
Furthermore, engaging in international trade agreements and 
cooperation projects can bolster their competitiveness in the global 
market. For medium and small economies, including Ukraine and 
Slovakia, agricultural infrastructure should be improved to increase 
production efficiency and export capacity. Moreover, governments 
should provide fiscal support, such as financial incentives and tax 
benefits, to encourage agricultural production and exports.

Figures  4, 5 analyze the trade potential of wheat and maize, 
respectively, across countries categorized by yield tiers (large, medium, 

FIGURE 4

Wheat potential of countries by yield tiers in 2021: large, medium and small.

FIGURE 5

Maize trade potential of countries by yield tiers in 2021: large, medium and small.
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and small) in 2021. These figures reveal insights into how yield 
impacts trade potential across different economic landscapes. In 
Figure 4, countries with high wheat yields, such as Slovakia, Egypt, 
and Poland, may have lower wheat trade import potential due to their 
high domestic production. This aligns with the intuition that countries 
with high production typically have lower import needs, as they can 
adequately meet domestic demand.

Similarly, Figure 5 applies this logic to maize. Countries classified 
with high maize yields, like Ukraine, Kyrgyzstan, and Azerbaijan, 
indicate excellent production performance, potentially leading to 
lower maize import potential due to sufficient domestic supply to meet 
or nearly meet demand.

Figures  4, 5 compare the relationship between production 
volumes and import potential across different countries for wheat and 
maize, respectively. Both figures suggest a similar trend: countries 
with higher production levels tend to have lower import potential. 
This pattern indicates that increased domestic production can satisfy 
or even exceed national demand, reducing the need for imports. 
However, when examining individual countries, variations emerge. 
For instance, a country with high wheat production might not have a 
correspondingly high maize production, affecting its import potential 
for each crop differently. While Slovakia, Egypt, and Poland are 
highlighted for their wheat production in Figure  4, their maize 
production and import potential, as shown in Figure 5, may differ. 
Thus, while the general rule that higher production decreases import 
potential holds, the specific relationship between production and 
import potential for wheat and maize can vary significantly from 
country to country, reflecting differences in agricultural specialization, 
strengths, and domestic demand for different crops. For high-yield 
countries, such as Egypt and Poland, export channels should 
be optimized to ensure their agricultural products can efficiently enter 
the international market. Additionally, the processing capacity of 
agricultural products should be enhanced to increase added value and 
bolster competitiveness in the global marketplace. For medium and 
low-yield countries, including South Africa and North Macedonia, 
advanced agricultural technologies should be  introduced, and 
comprehensive farmer training programs should be implemented to 

improve production levels. Concurrently, through international aid 
and cooperation projects, these nations can obtain essential financial 
and technical support to augment their agricultural production 
capacity and foster sustainable growth in the sector.

3.4 Contrast of wheat and maize potential 
of different GDP and yield

Figures  6–8 present the contrast in wheat and maize import 
potential among countries categorized by their GDP size into large, 
medium, and small groups for the year 2021. These charts reveal the 
potential advantages and challenges in grain trade for countries of 
different economic scales by comparing the import potential of wheat 
and maize.

The analysis of Figure 6 reveals a significant difference between 
the potential for maize imports and wheat imports among large GDP 
countries. In these countries, the potential for maize imports is 
generally higher than that for wheat, which may reflect a high demand 
for maize, whether as food, feed, or for other industrial uses. This 
trend may be attributed to agricultural policies, consumption patterns, 
and demand for biofuels in these economies. For instance, large GDP 
countries might have more capacity to invest in biofuel projects, 
thereby increasing the demand for maize.

In Figure 7, the data for medium GDP countries show a more 
complex difference in the potential for wheat and maize imports. 
While many countries still show higher potential for maize imports 
compared to wheat, the difference is less pronounced than in large 
GDP countries. This could be because medium GDP countries have a 
greater diversity in agricultural production and consumption habits, 
and they might be  more flexible in balancing domestic and 
international market supply and demand. Additionally, these countries 
might be making more trade-offs between wheat and maize to meet 
their domestic market needs.

The analysis of Figure  8 reveals a unique trend in small GDP 
countries regarding the potential for wheat and maize imports. In these 
countries, the potential for wheat imports is generally higher than for 

FIGURE 6

Contrast of wheat and maize trade potential of large GDP countries in 2021.
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maize, which may reflect a high dependency on wheat as a staple and 
basic food. Small GDP countries might focus more on meeting basic 
food security needs, with wheat being a primary food source in many 
regions. Moreover, their agricultural policies might be more inclined 
to support the import of wheat to ensure domestic food security.

Figures  6–8 categorize countries into three groups—large, 
medium, and small, based on their 2021 GDP, and compare the 
import potential for wheat and maize among countries of different 
economic scales. Large GDP countries tend to show a higher demand 
for the potential of maize imports, possibly related to their agricultural 
policies, consumption habits, and the demand for biofuels. Medium 
GDP countries display a greater balance in the potential for wheat and 
maize imports, reflecting their flexibility in meeting diverse needs. 
Meanwhile, small GDP countries focus more on wheat imports, likely 
due to their high emphasis on food security. These trends reveal the 
complexity of the global agricultural market and the different 
strategies formulated by economies based on their needs and policies.

Figures  9–11 further explore this dimension by linking grain 
production capacity to import potential, highlighting the nuanced 

trade dynamics driven by the production volumes of each country. 
Figures 9–11 delineate the import potential for two significant grain 
crops, wheat and maize, across three groups of countries categorized 
by their yield sizes—large, medium, and small.

Focusing on Figure 9 for countries with large yields, we notice that 
the import potential for maize generally surpasses that of wheat. This 
might indicate that in these countries, the production capacity for 
wheat is relatively high, sufficient to meet most of the domestic 
demand. Therefore, the demand for maize is relatively higher, possibly 
due to increased needs for maize in feed, biofuel, and other industrial 
uses. This trend might reflect the diversified agricultural production 
demands of these countries and strategic considerations for ensuring 
food and energy security.

For the medium yield countries depicted in Figure 10, maize’s 
import potential also generally exceeds that of wheat, though the 
difference is not as pronounced as in the large yield countries. This 
might suggest a more balanced distribution of wheat and maize 
production in these countries, but still a higher demand for maize 
imports. This could be  related to the agricultural production 

FIGURE 7

Contrast of wheat and maize trade potential of medium GDP countries in 2021.

FIGURE 8

Contrast of wheat and maize potential of small GDP countries in 2021.
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conditions, cultivation patterns, and the increased demand for maize 
as feed and industrial raw material in these countries.

In the small yield countries shown in Figure 11, the import potential 
for maize similarly tends to be  higher than that for wheat. This 
phenomenon may highlight the challenges these countries face in 
meeting domestic wheat demands, resulting in a greater reliance on 
maize imports. This could be due to limitations in agricultural production 
in these countries, including adverse climatic conditions, constraints on 
land resources, and limitations in technology and capital, making maize 
imports a crucial means to supplement domestic production.

Comparing the analysis from Figures 9–11, we observe a clear 
pattern: regardless of whether the countries have large, medium, or 
small yields, the import potential for maize is generally higher than 
that for wheat. This trend might reflect the growing global demand for 
the diversified uses of maize, alongside relatively stable wheat 
production. Additionally, this might indicate changes in the global 
agricultural trade patterns, where maize, as a key agricultural product, 
plays an increasingly important role in global food security and 
energy supply.

4 Discussion

This study employs SFM to conduct a comprehensive analysis 
of wheat and maize trade efficiency among countries participating 
in the Belt and Road Initiative (BRI). The research assesses and 
quantifies the trade efficiency of these key agricultural commodities 
while exploring various factors influencing the trade potential of 
these nations.

The findings indicate that economic development level, population 
growth, government efficiency, political stability, and regulatory 
quality are crucial factors in enhancing wheat trade efficiency. This 
underscores the significance of institutional quality and economic 
foundations in promoting agricultural trade. Fu et al. (2023) utilized 
a time-varying stochastic frontier gravity model to examine the 
impact of trade facilitation provisions on fresh agricultural product 
trade in BRI countries. Their findings emphasize the critical role of 
trade facilitation in improving trade efficiency, aligning with our 
analysis highlighting the importance of regulatory quality and 
government efficiency.

FIGURE 9

Contrast of wheat and maize trade potential of large yield countries in 2021.

FIGURE 10

Contrast of wheat and maize trade potential of medium yield countries in 2021.
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However, the relationship between economic scale and trade 
potential is not linear. Large economies such as Russia, China, and Turkey 
do not necessarily outperform medium or small economies in terms of 
wheat trade potential. This disparity may stem from the self-sufficiency 
capabilities and diversified economic structures of large economies, 
reducing their dependence on wheat imports. Comparative analysis 
reveals that China and the Russian Federation possess relatively high 
maize trade potential, potentially reflecting increased demand for feed 
and strategic considerations for ensuring food security and supporting the 
livestock industry. The economic and demographic scale of these 
countries creates a larger market demand for maize, indicating their 
significant influence on international grain markets.

Contrary to expectations, WTO membership shows a negative 
correlation with wheat trade efficiency. This finding contradicts the 
conventional view that WTO membership leads to higher trade 
efficiency through trade liberalization and a more stable trade 
environment (Pavcnik, 2002; Abbas, 2014; Siddika and Ahmad, 2022). 
This result may reflect the challenges WTO members face in 
implementing rules and commitments, especially for countries that 
may lack the preparation or resources to adapt to rapid trade 
liberalization. It highlights the complex effects that international trade 
agreements can have in practice.

For maize trade, an increase in arable land area is negatively correlated 
with trade efficiency, highlighting potential issues in managing larger 
agricultural areas or optimizing land use to promote trade. This suggests 
that simply expanding cultivated land may not be an effective strategy for 
improving trade efficiency, and countries should focus on optimizing land 
use and adopting advanced agricultural technologies.

The impact of BRI on trade efficiency varies significantly among 
participating countries, with some experiencing improvements while 
others face declines. For instance, wheat trade efficiency significantly 
improved in Turkey and Hungary but declined in Georgia. This 
indicates that the positive effects of BRI on trade facilitation and 
infrastructure improvement are not uniformly manifested across all 
participating countries, suggesting that the effectiveness of the 
initiative is influenced by various factors, including each country’s 

infrastructure level, policy environment, and economic structure. 
Significant differences in trade efficiency also exist across different 
sectors (Jiang et al., 2022). While Abdullahi et al. (2022) identified 
key determinants of China’s agricultural export efficiency, finding 
economic scale and BRI participation as positive influencing factors 
while highlighting the adverse impacts of income disparities and 
geographical barriers, the differential impact of BRI on various 
countries suggests that a one-size-fits-all approach is insufficient. 
Policymakers should tailor trade promotion strategies to each 
country’s specific circumstances, considering factors such as existing 
infrastructure, economic structure, and institutional capacity. This 
may involve targeted infrastructure development investments, 
capacity-building programs, and policy reforms aimed at enhancing 
trade facilitation.

Notably, some countries like South Africa and Croatia demonstrated 
significant trade efficiency during the COVID-19 pandemic. This finding 
emphasizes the importance of resilience and diversity in trade networks 
when facing global crises, highlighting the need for robust crisis 
management strategies and diversified trade mechanisms.

Our analysis of trade potential disparities between countries of 
different economic scales provides valuable insights for formulating 
targeted trade policies. Large economies like China and Russia, showing 
higher maize trade potential, may need to focus on strategies that leverage 
their market size and demand to optimize trade relationships. Conversely, 
smaller economies might benefit from specializing in niche agricultural 
products or value-added processing to enhance their competitiveness in 
global markets. The negative correlation between WTO membership and 
wheat trade efficiency warrants further investigation. It suggests the need 
for a more nuanced approach to trade liberalization, particularly for 
developing countries. Policymakers and international organizations 
should consider implementing more gradual and targeted trade 
liberalization approaches, complemented by capacity-building initiatives 
to help countries adapt to new trade regimes. The importance of land use 
efficiency in maize trade highlights the need for agricultural 
modernization and sustainable farming practices. Countries should invest 
in research and development of advanced agricultural technologies, 

FIGURE 11

Contrast of wheat and maize trade potential of small yield countries in 2021.
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promote sustainable intensification practices, and implement policies that 
incentivize efficient land use. This may include promoting precision 
agriculture techniques, improving irrigation systems, and encouraging 
crop diversification. The resilience demonstrated by some countries 
during the COVID-19 pandemic underscores the importance of building 
robust and diversified trade networks. Policymakers should focus on 
developing crisis management strategies that can maintain trade efficiency 
during global disruptions. This may involve diversifying trade partners, 
investing in digital trade infrastructure, and developing contingency plans 
for supply chain disruptions.

Despite the comprehensiveness of this study, several limitations 
should be  considered. First, the dataset includes only 55 wheat-
trading countries and 55 maize-trading countries, which may not 
fully represent global agricultural trade dynamics. Future research 
could expand the dataset to include more countries and more recent 
data. Second, while this study considers multiple influencing factors, 
incorporating factors such as climate variability, agricultural policies, 
and technological progress could provide a more comprehensive 
analysis of agricultural trade efficiency. Third, an in-depth 
investigation into the specific challenges faced by BRI and WTO 
members in implementing trade rules and how these challenges affect 
trade efficiency would be valuable.

5 Conclusion

This paper evaluates and quantifies the efficiency of wheat and corn 
trade among the countries along the BRI using SFM, and explores various 
factors that affect the trade potential of these countries. Our findings 
reveal that the level of economic development, population growth, 
government efficiency, political stability, and the quality of regulations are 
key factors in enhancing the efficiency of wheat trade. However, 
membership in the WTO is negatively correlated with wheat trade 
efficiency, which may reflect the challenges faced by WTO members in 
implementing WTO rules and commitments. Research shows that 
streamlined customs procedures and enhanced logistical efficiency 
contribute to increasing trade flows between BRI countries. Regarding the 
efficiency of corn trade, an increase in arable land area is significantly 
negatively correlated with corn trade efficiency, reflecting potential 
efficiency issues in managing larger agricultural areas or optimizing land 
use to promote trade. The implementation of the BRI has yielded varied 
results, with countries such as Turkey and Hungary have showing 
significant improvements in trade efficiency, while countries like Georgia 
have experienced declines, indicating that the positive effects of the BRI 
in promoting trade and improving infrastructure are not universally 
reflected in all participating countries. During the COVID-19 pandemic, 
some countries like South Africa and Croatia demonstrated significant 
trade efficiency, possibly benefiting from effective pandemic management 
or diversified trade mechanisms. Based on our findings, it is 
recommended that governments of participating countries to prioritize 
government efficiency, political stability, and regulatory quality. 
Specifically, each country should develop and implement targeted policies 
aimed at enhancing agricultural infrastructure, optimizing land use 
efficiency, and promoting trade liberalization through international 
cooperation. Additionally, the adaptability and enforcement of WTO 
rules should be strengthened, especially in the face of the rapidly changing 
global trade landscape, to ensure that the international trade system is 
effectively harnessed to promote economic development. These 

recommendations are intended to support policymakers in better utilizing 
international resources, thereby improving the overall efficiency and 
competitiveness of agricultural trade. In future research, it is crucial to 
examine the specific impact of the implementation of WTO rules and 
commitments on the trade efficiency of different countries. Furthermore, 
exploring the challenges faced by WTO members in implementing these 
rules and proposing corresponding improvements to policies and relevant 
capacity-building plans is essential. Additionally, investigating the 
significant differences in trade efficiency among different countries 
following the implementation of the Belt and Road Initiative (BRI) and 
the reasons behind these differences could contribute to the formulation 
of targeted trade promotion strategies, aiming to achieve more balanced 
and sustainable trade growth. Further research on how to enhance 
agricultural trade efficiency by improving land use efficiency and 
adopting advanced agricultural technologies and practices to optimize the 
use of land resources will also be valuable.
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