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Abstract

Frequent major emergencies threaten the security of the feed grain import supply chain.
Enhancing import resilience is essential for supporting a new development pattern.
However, research on a dedicated system to evaluate the resilience of China’s feed
grain imports remains limited. In addition, strategies to strengthen resilience based on
country-specific distances are still underexplored. This study constructs a comprehensive
indicator system for China’s feed grain import resilience, using data from 2000 to 2023.
It empirically examines the impact of country distance on this resilience across four di-
mensions: geographic distance, economic distance, institutional distance, and cultural dis-
tance. The findings indicate that country distance has an inhibitory effect on China’s feed
grain import resilience. This conclusion holds true even after testing various adjustments,
such as changes to core explanatory and dependent variables, modifications in sample
sizes, alterations in measurement methods, and the introduction of instrumental variables.
Further analysis reveals that country distance undermines feed grain import resilience by
significantly reducing trade efficiency. However, the Belt and Road Initiative (BRI) and
Regional Trade Agreements (RTA) help mitigate the negative impact of country distance
on resilience. To strengthen China’s feed grain import resilience, it is crucial to enhance
cultural and institutional trust, improve trade efficiency, and optimize import distribution.
This study provides empirical evidence to support the safety of China’s feed grain imports
and promote efficient, mutually beneficial trade in feed grains with partner countries.

Keywords: country distance; feed grain imports; trade resilience; the Belt and Road
Initiative (BRI)

1. Introduction
The rapid development of animal husbandry has led to a steady increase in demand

for feed grain. Since 2001, China’s soybean imports have grown at an average annual
compound rate of approximately 10%, rising from 10.38 million tons in 2001 to 105 million
tons in 2024. Imported soybeans now account for nearly 80% of China’s total domestic
demand. Similarly, China’s corn imports have consistently exceeded 22 million tons since
2020. However, as import volumes grow, the international feed grain supply chain faces
multiple risks. One major concern is the heavy reliance on a limited number of import
channels and the high concentration of sources and varieties, which increases dependency
risks. Additionally, resource constraints in exporting countries, combined with an uncertain
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trade environment, heighten the risk of disruptions, such as supply shortages or trade
embargoes [1–8]. The “two markets and two resources” strategy plays a crucial role in
stabilizing China’s feed grain supply. In light of rising global trade protectionism and
the instability of international supply conditions, the strategic importance of geographical
factors in securing China’s feed grain imports has become increasingly evident [9,10].
Therefore, strengthening the resilience of feed grain imports, mitigating potential risks,
and fostering long-term, sustainable trade relationships are essential for ensuring the
security of China’s feed grain supply chain.

Enhancing the resilience and security of imports is a cornerstone of China’s new de-
velopment pattern and a critical aspect of national security. The 20th National Congress
of the Communist Party of China emphasized improving the resilience and security of
industrial and supply chains, including critical sectors such as grain, and enhancing over-
seas security capacity. The “14th Five-Year Plan for Promoting Agricultural and Rural
Modernization” further calls for stabilizing international agricultural product supply chains
to ensure a reliable grain supply and improve agriculture’s risk resistance. Overall, the CPC
Central Committee and the State Council prioritize supply chain resilience and security,
with imported grain supply chains being a key focus that requires urgent strengthening.

A substantial body of research has examined feed grain import supply chains both
domestically and internationally. However, studies analyzing these supply chains from a
resilience perspective remain limited. Research exploring strategies to enhance feed grain
import resilience in relation to national distance has also made little progress. To address this
gap, this study measures national distance across four dimensions—geography, economy,
institutions, and culture, and investigates its impact on China’s feed grain import resilience.
The mechanisms through which national distance affects this resilience are also examined.

This study focuses on three core questions:

1. How can feed grain import resilience be systematically defined from a resilience per-
spective, and how can an evaluation framework be developed to accurately measure
China’s import risk resistance and recovery capacity?

2. What are the mechanisms for strengthening feed grain import resilience, and which
factors are critical in enhancing risk resistance and recovery capacity?

3. How does national distance influence China’s feed grain import resilience, and
through which specific mechanisms does it operate?

By addressing these questions, this study aims to provide a comprehensive under-
standing of how distance factors shape China’s feed grain import resilience. It also seeks to
offer empirical evidence to support the protection of China’s feed grain import security
and to promote efficient, mutually beneficial trade with partner countries.

2. Literature Review
Existing studies have extensively explored the risks associated with food imports and

the resilience of food supply chains.
First, research on food import risks. In recent years, global food production and supply

have faced increasing risks and uncertainties. Frequent major emergencies have heightened
the vulnerability of international food supplies, creating non-traditional challenges in
accessing global food markets. In this context, importing food carries inherent risks [11,12].
Scholars have analyzed the risks in imported food supply chains from multiple perspectives,
including external dependency, import concentration, price fluctuations, and geopolitical
factors [8,13–17]. Some researchers have also focused on risks related to critical nodes in
food trade routes, trade embargoes, and epidemic outbreaks [18–21]. Major emergencies
can disrupt imported food supply chains through trade interruptions, transport delays,
and supply breakdowns [22].
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Second, research on the resilience assessment of the grain supply chain is crucial.
Evaluating supply chain resilience not only clarifies the level of resilience and the capac-
ity to bear risks, but also helps identify the factors that influence resilience and assess
the effectiveness of strategies aimed at enhancing it. This provides valuable guidance for
improving overall supply chain robustness [23]. There are two main approaches for mea-
suring resilience. The first is qualitative assessment, which includes qualitative case studies
and semi-quantitative evaluations based on expert judgment. These methods, however,
involve a certain degree of subjectivity [24]. The second is quantitative assessment, which
relies on resilience evolution curve models, structural models, and composite indicators [25].
Quantitative methods generally provide more precise evaluations, but the choice of a specific
approach depends on the research subject, objectives, and method applicability. Some studies
have highlighted the challenges faced by China’s grain supply chain, including the urgent
need for infrastructure upgrades, relatively low levels of digital operations, insufficient finan-
cial service systems, and significant supply chain security risks. Despite this, quantitative
assessments specifically focused on the resilience of grain imports remain limited [26].

Overall, existing research provides a useful reference for this study, but further investigation
is needed in several areas. First, although current studies widely recognize that China’s feed
grain imports face multiple potential risks, they have not yet assessed these imports from the
perspective of resilience. In particular, there is no established evaluation system to characterize
the resilience features of China’s feed grain imports. Second, few studies have explored,
from both theoretical and empirical perspectives, the mechanisms for enhancing the resilience
of these imports. As a result, the key factors that strengthen risk resistance and recovery capacity
in China’s feed grain import relationships remain insufficiently understood.

The marginal contribution of this study is mainly reflected in the following aspects:
First, the theoretical connotation and evaluation system of feed grain import resilience are
constructed, and the research perspective from risk identification to resilience measurement is
expanded. Existing research mostly focuses on various external risks faced by China’s feed
grain import, but lacks a systematic perspective of resilience to quantitatively describe the
resistance and resilience of the import supply chain when it is impacted. This study intro-
duces the resilience theory into the field of feed grain import, systematically defines the core
connotation of feed grain import resilience, and constructs a multi-dimensional evaluation
index system covering anti-risk ability and recovery ability, which provides a new analytical
tool for quantitative evaluation of China’s feed grain import safety level.

Second, the strengthening mechanism of feed grain import resilience is revealed,
and the key factors to improve import risk resistance and resilience are identified.
The existing literature mostly stays in the qualitative description of the source of import
risk or the static analysis of a single factor. Through theoretical analysis and empirical test,
this study clarifies the internal strengthening mechanism of feed grain import resilience,
clarifies the key factors affecting the stability of the import relationship, makes up for the
shortcomings of existing research on the formation mechanism of resilience, and provides
a theoretical basis for precise policy implementation.

Third, from the perspective of multi-dimensional national distance, it deepens the
heterogeneous understanding of the factors affecting China’s feed grain import resilience.
Different from previous studies that focused more on explicit factors such as economic
and trade policies, this study incorporates the national distance of four dimensions of
geography, economy, institution and culture into a unified analysis framework, and sys-
tematically investigates the differential impact of multi-dimensional distance on China’s
feed grain import resilience and its path of action. It breaks through the single understand-
ing of distance in traditional trade research, reveals the deep role of hidden barriers in
shaping import resilience, and provides new empirical evidence and policy implications
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for optimizing the layout of China’s feed grain import sources and promoting the efficient
and mutual promotion of national feed grain trade.

3. Concept Definition and Theoretical Analysis
3.1. Concept Definition

The concept of country distance was first proposed by Beckerman (1956) [27].
Ghemawat (2001) [28] later developed the CAGE framework, which integrates cultural,
institutional, geographic, and economic dimensions of country distance. The framework
explains how each dimension affects firms’ foreign trade. Since then, CAGE has been widely
applied in trade research [29,30]. This study defines national distance as a combination of
geographical distance, economic distance, institutional distance and cultural distance.

Feed grain import resilience is defined as the capacity of feed grain import trade to recover
and transform in response to shocks and pressures [31,32]. Specifically, it refers to the ability
of the feed grain import chain to maintain stable operations, recover to pre-shock conditions,
and even adapt and transform over time when faced with domestic and international shocks.

Trade efficiency is the ability to obtain the maximum economic output with the least
resource input in trade activities, which reflects the optimization degree of the trade process,
including time, cost and resource utilization efficiency. Its core elements include logistics
and supply chain management, trade policies and regulations, technology and innovation,
and international cooperation and standardization.

3.2. Theoretical Analysis and Research Hypotheses

Feed grains, as bulk agricultural commodities, have distinct physical characteristics:
they are highly perishable, have a short shelf life, and require specific storage and trans-
portation conditions. These attributes make the import trade of feed grains particularly
sensitive to transaction costs, efficiency, and risks. Increased country distance not only
results in greater geographical separation but also creates disparities in economic systems,
institutions, and cultures. These factors collectively undermine China’s feed grain im-
port resilience, primarily by reducing trade efficiency. From a geographical perspective,
greater country distance directly leads to higher transportation and communication costs.
These costs hinder the development of feed grain imports. Additionally, broader institu-
tional and cultural differences increase transaction frictions, resulting from information
asymmetry and communication barriers. This adversely affects China’s feed grain import
trade [33].

Country distance primarily impacts feed grain import resilience by reducing trade
efficiency. As distance increases, cross-border procedures such as customs inspections,
Sanitary and Phytosanitary Measures (SPS), and document processing become more com-
plex. The time required for these procedures grows with institutional distance, which conflicts
with the strict timeliness requirements of feed grain imports. Prolonging the import cycle
increases the risk of supply chain disruptions, reduces supply chain responsiveness and
flexibility, and hinders improvements in import efficiency. This, in turn, weakens the system’s
ability to recover quickly from disturbances. Specifically, Geographical distance directly
results in higher transportation and time costs. Feed grains have strict freshness requirements,
and longer transport distances demand more complex cold chain or temperature-controlled
facilities, significantly raising logistics costs. Extended transit times also increase the economic
risk of spoilage during transportation. Institutional distance, including differences in laws, reg-
ulations, quality standards, and cultural distance, such as differences in business practices and
language, exacerbates information asymmetry. These differences complicate contract negotia-
tion, execution, and oversight, increasing the resources needed to obtain reliable information
and adapt to foreign regulatory environments. The resulting rise in transaction costs reduces
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the economic viability of import trade and limits importers’ ability to respond to price fluctua-
tions or supply shocks, ultimately affecting import resilience. Furthermore, as geographical
distance increases, imports face broader and more complex risks. These include market risks
due to greater information asymmetry (e.g., misjudged pricing), higher rent-seeking and
corruption risks from unfamiliar institutional environments, and political risks arising from
fluctuating bilateral relations (e.g., trade bans or export controls). These risks affect every
stage of the process—from contract signing and cargo shipment to cross-border payments—
weakening the enforceability of contracts. In distant markets, Chinese enterprises also en-
counter more intense and unstable competition. Together, these factors heighten the impact
of country distance on supply chain stability.

Based on these considerations, this study proposes the following hypotheses:

Hypothesis 1. Country distance has a significant negative impact on feed grain import resilience.

Hypothesis 2. Country distance weakens China’s feed grain import resilience by hindering
trade efficiency.

Bilateral political relations play a crucial role in “country-specific advantages” by
mitigating the negative effects of increased investment and trade costs, as well as height-
ened risks associated with country distance. This is achieved through measures such as
signing trade agreements, enhancing high-level communication, and harmonizing insti-
tutional arrangements [34–36]. Countries with Regional Trade Agreements (RTA) with
China facilitate feed grain imports by reducing trade policy uncertainty, lowering trade
barriers, and cutting transaction costs [37]. Specifically, the BRI directly enhances trade
facilitation in two ways. First, it improves physical infrastructure by shortening trans-
port times and streamlining customs procedures. Second, it strengthens institutional
frameworks through high-level exchanges, policy coordination, and infrastructure connec-
tivity. These efforts build political trust, reduce the risks and uncertainties associated with
political distance, and mitigate the impact of geographic distance on transaction costs, effi-
ciency, and risk. Additionally, signing an RTA with China establishes unified, transparent,
and predictable trade rules. It reduces tariffs, simplifies rules of origin, lowers non-tariff
barriers (such as harmonized SPS standards), and provides dispute resolution mecha-
nisms. These institutional measures directly lower transaction costs related to institutional
distance, improve trade efficiency, and effectively manage policy risks. Together, these in-
stitutional arrangements help overcome the trade challenges posed by geographic distance.

Based on these observations, this study proposes the following hypothesis:

Hypothesis 3. The BRI and RTA negatively moderate the impact of country distance on feed grain
import resilience.

In summary, the analysis framework of this study is shown in Figure 1.

Country distance
geographic distance,
economic distance,

institutional distance,
cultural distance

Feed grain import resilience

moderating 
effect

Belt and Road Initiative
Regional Trade Agreements

Trade efficiency

 
Figure 1. Research framework diagram.
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4. Variables, Models, and Data
4.1. Model Specification

The dependent variable in this study is feed grain import resilience, and the core
explanatory variable is country distance. We employ a two-way fixed-effects model for the
econometric analysis. The model specification is as follows:

Scoreit = α1 + β1distit + ∑ δXit + ρi + τt + εit (1)

where Scoreit denotes the feed grain import resilience of country i at time t; distit repre-
sents the distance between country i and China at time t, considering economic, cultural,
institutional, and geographical factors; Xit includes a set of control variables such as eco-
nomic scale, population size, and trade openness; ρi captures the country-specific effect;
τt accounts for the time fixed effect; α, β and δ are the parameters to be estimated; and εit

represents the random error term.
This study explores how trade efficiency affects China’s feed grain import resilience,

specifically focusing on the role of country distance. To achieve this, we build upon
Model (1) and apply a three-step mediation model [38]. The model is expressed as follows:

f acilit = α2 + β2distit + ∑ δXit + ρi + τt + εit (2)

Scoreit = α0 + β3distit + β4 f acilit + ∑ δXit + ρi + τt + εit (3)

Here, f acilit epresents the mediating variable at time t in country i, which is used to
measure trade facilitation levels through customs clearance efficiency.

Additionally, to examine the moderating effects of the BRI and RTA, we establish a
moderation model, as shown in the following equations:

Scoreit = α3 + β5distit + β6interit + β7distit × interit + ∑ δXit + ρi + τt + εit (4)

Here, interit represents the moderator variable at time t in country i. It consists of
two components: the BRI dummy variable (BRIit) and the RTA dummy variable (RTAit).
The term distit × interit refers to the interaction between the independent variable and the
moderator variable.

4.2. Variable Selection

Dependent Variable. This study selects feed grain import resilience as the depen-
dent variable. This concept encompasses three main aspects: import resilience, recovery
capacity, and transformation capabilities. In the context of international trade, import
prices and volumes are influenced by multiple factors, many of which are beyond the
control of importing countries. Import resilience, therefore, primarily refers to “passive
pressure absorption”. A system with strong resilience can make timely adjustments to
the import chain when external shocks lead to abnormal fluctuations in feed grain im-
port prices or declines in import volumes. This facilitates the prompt recovery of import
volumes and the stabilization of price volatility. This study quantifies import resilience
using the following factors: import source diversification, domestic supply foundations,
the export capacity of source countries, and the political stability of source countries.
Recovery capacity emphasizes “proactive adjustment”. A system with strong recovery
capacity can make timely refinements to the import chain when feed grain import channels
are disrupted by sudden factors, ensuring stable import rhythms. Thus, recovery and
adjustment capacity are measured through import scale stability, import price stability,
trade liberalization, and trade facilitation. Transformation and upgrading capacity refer to
the ability for “subjective adjustment”. A system with strong transformation capacity can
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quickly optimize import chains in response to external shocks, adjusting and substituting
feed grain import sources as necessary. Therefore, transformation and upgrading capacity
is quantified using conversion agility, product conversion capability, and the trade policy
environment. Finally, the entropy method is used to establish indicators for measuring
feed grain import resilience across three dimensions: resistance and adaptation capacity,
recovery and adjustment capacity, and structural conversion capacity. The specific indicator
definitions are provided in Table 1.

Table 1. Feed Grain Import Resilience Indicator Framework.

Indicator Category Indicator Name Indicator Definition Indicator Attributes

Resilience
and Adaptability

Import Source
Diversification

Import Source Herfindahl Index: Sum of
squares of Import Shares by
All Source Countries

Negative

Domestic Supply Base
Domestic Feed Grain Self-sufficiency Rate:
(China’s Feed Grain Production/China’s
Feed Grain Consumption) × 100%

Positive

Export Capacity of
Importing Countries

Feed Grain Self-sufficiency Rate of Importing
Countries: (Corn and Soybean
Production/Corn and Soybean
Consumption) × 100%

Positive

Political Stability of
Import Source Countries

Political Stability Index: Characterized by
Socioeconomic Features, Social Conflicts, and
Government Role

Positive

Recovery and
Adjustment Capacity

Import Scale
Stability

Fluctuation Level of Import Scale over the
Past Three Years: Coefficient of Variation in
Import Scale over the Past Three Years

Negative

Import Price Stability
Fluctuation Level of Import Prices over the
Past Three Years: Coefficient of Variation in
Import Prices over the Past Three Years

Negative

Trade Liberalization

Trade Liberalization Index:
A Comprehensive Measure of Import Tariffs
and Non-tariff Barriers Affecting
Trade Liberalization

Positive

Trade Facilitation Customs Clearance Efficiency in Importing
Countries: Customs Clearance Time Negative

Structural
Transformation Capacity

Transition Agility

Potential for Diversification of Import
Sources: Feed Grain Production in Countries
Other Than Primary Import Sources/World
Feed Grain Production × 100%

Positive

Product
Substitution Capability

Product Substitution from Importing
Countries: Feed Grain Primary Product
Imports/Total Feed Grain Imports × 100%

Negative

Trade Policy Environment Trade Policy Uncertainty: Tariffs Negative

Core Explanatory Variable. This study uses country distance as the core explanatory
variable. Based on the CAGE framework, this study constructs an indicator system to mea-
sure the country distance between China and its partner countries across four dimensions:
geographic, economic, institutional, and cultural distance. Geographic distance captures
the spatial separation between two countries and is a fundamental component of country
distance. Existing measures typically rely on great-circle distances, such as distances be-
tween capital cities, maritime distances, or the shortest distance from an FDI host location
to the nearest coast of the home country [39]. In this study, geographic distance is measured
as the straight-line distance between the two countries’ capitals. The main data source is
the CEPII distance database, which applies the Haversine formula to compute distances
on the Earth’s surface [40]. Economic distance reflects differences in macroeconomic char-
acteristics across countries. Here, it is measured by the ratio of China’s GDP per capita
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to that of the host country. This choice is motivated by the idea that cross-country eco-
nomic gaps are largely reflected in income differences. GDP per capita also captures
differences in purchasing power levels across countries. Institutional distance refers to
similarities or differences in countries’ legal systems and policy environments. It provides
a relative assessment of national institutions [41]. Prior studies often measure institutional
quality using six dimensions: political stability and absence of violence/terrorism, gov-
ernment effectiveness, regulatory quality, control of corruption, rule of law, and voice
and accountability [42]. Cultural distance reflects differences in traditions, values, and
customs. Such differences shape moral expectations and behavioral norms across soci-
eties [43]. Many studies adopt Hofstede’s cultural framework and use the Kogut-Singh
cultural distance index. The commonly used indicators include power distance, individu-
alism, masculinity, uncertainty avoidance, long-term orientation, and indulgence [44,45].
The method of entropy weighting is used to compute the overall country distance index.
Geographic and economic distance are each represented by a single variable, as described
above. Institutional and cultural distance are measured using multidimensional indicators
and aggregated using weighted averages (see Table 2).

Table 2. Construction of Country Distance Indicators.

Secondary Indicators Tertiary Indicators

Institutional Distance

Political Stability and Elimination of Violent Terrorism
Government Efficiency
Regulatory Quality
Corruption Control
Rule of Law
Voice and Accountability

Cultural Distance

Power Distance Index
Individualism Index
Masculinity Index
Uncertainty Avoidance Index
Long-Term Orientation Index
Permissiveness Index

Geographical Distance Straight-line Distance between Capitals
Economic Distance Ratio of GDP Per Capita between the Two Countries

This study chooses population size, resource endowment, trade openness, economic
scale, exchange rate and whether it is a WTO member as control variables. The theoretical
basis is as follows. Population size (POPi,t) is measured as the natural logarithm of the
importing country’s population density. A larger population size may lead to higher feed
grain consumption and greater demand for a variety of feed grains, potentially reducing
resilience to Chinese feed grain imports. However, a larger population size may also in-
crease domestic feed grain production capacity, which could enhance resilience to imports.
Resource endowment (Prodi,t) is represented by per capita grain yield. A better resource
endowment suggests higher feed grain self-sufficiency, strengthening a country’s capacity
to export feed grains. Trade openness (openi,t) is measured as the ratio of total imports
to GDP. This indicator reflects a country’s overall trade level. Higher trade openness is
typically associated with increased international economic activity, which may lead to
greater bilateral trade. As such, trade openness is expected to have a positive relationship
with feed grain imports. Economic scale (GDPi,t) is represented by the importing country’s
GDP, adjusted for constant 2010 US dollars. Generally, a larger economic scale is positively
correlated with the variety and quantity of exportable goods. When the domestic supply of
trading partners is stable, a larger economic scale tends to increase demand for imports,
including feed grains. WTO membership (WTOi,t) is represented as a dummy variable,
where a value of 1 indicates membership in the World Trade Organization, and 0 indicates
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non-membership. Finally, the exchange rate (RATi,t) is calculated as the ratio of the ex-
change rate between the importing country and China against their respective exchange
rates to the US dollar in period t. This measure reflects the purchasing power of the im-
porting country relative to China. Descriptive statistics for these variables are presented
in Table 3.

Table 3. Descriptive Statistics of Variables.

Variable Mean SD Min Max

Feed Grain Import Resilience 0.221 0.134 0.061 1.262
Country Distance 0.163 0.069 0.048 0.457
Economic Distance 1.811 2.527 0.030 14.25
Cultural Distance 2.314 0.832 0.495 4.196
Institutional Distance 65.40 52.54 1.609 210.4
Geographical Distance (Natural Logarithm) 8.808 0.638 6.862 9.868
Belt and Road Initiative Country (Yes = 1, No = 0) 0.290 0.454 0 1
Free Trade Agreement Signed (Yes = 1, No = 0) 0.145 0.352 0 1
Trade Efficiency 3.091 0.648 1.080 5
Resource Endowment (Natural Logarithm) 0.182 0.237 0 1.251
Economic Scale (Natural Logarithm) 26.48 1.680 22.09 30.73
Population Size (Natural Logarithm) 17.52 1.336 14.71 21.09
Trade Openness (Natural Logarithm) 4.124 0.508 2.973 5.229
Exchange Rate (Natural Logarithm) 2.714 2.634 −0.607 10.08
WTO Membership (Yes = 1, No = 0) 0.937 0.243 0 1

4.3. Data Sources and Processing

The term “feed grain” can be interpreted in both narrow and broad terms. In the narrow
sense, it refers specifically to the portion of grain consumed as animal feed. In the broader sense,
it encompasses not only grains consumed directly as feed for livestock—unprocessed and with
husks intact—but also grain processing byproducts such as meal, bran, dried distillers grains,
and other soluble materials derived from grain processing. Feed grain trade statistical categories
include: Corn (100590), Soybeans (120100) (Before 2018, soybeans were classified under HS code
120100. After 2018, seed and non-seed soybeans were assigned separate HS codes: 120110 for
seed soybeans and 120190 for non-seed soybeans. For consistency, this paper uses HS code
120100 for non-seed soybeans produced after 2018), Barley (100300), Sorghum (100700), Cassava
(071410), Corn Distillers Grains (230330), Other Feed Distillers Grains (230210–230250, 230310,
230320, 230810, 230890), Soybean Meal (230400), Peanut Meal (230500), Rapeseed Meal (230640),
and Other Meals (230610–230630, 230650–230670, 230690).

This study uses data from 2000 to 2023, the samples are all countries that export feed
grains to China. Feed grain import values and tariffs are obtained from the UN Comtrade
database. Economic indicators such as distance, population size, per capita grain yield in
exporting countries, trade openness, GDP, import/export trade, and customs efficiency
come from the World Bank database. Geographical distance data is sourced from the
CEPII database, while institutional distance data is drawn from the Global Governance
Index. Cultural distance data is taken from the Hofstede Cultural Dimensions database.
Both institutional and cultural distances are calculated using standardized Euclidean dis-
tance methods. WTO variables are retrieved from the official World Trade Organization
website. The exchange rate is based on data from the International Monetary Fund, and
information about RTA signed by exporting countries with China is sourced from the China
Free Trade Zone Service Network of the Ministry of Commerce of the People’s Republic of
China. Finally, data on whether importing countries are part of the BRI comes from the
China Belt and Road Network.
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5. Empirical Findings
5.1. Benchmark Regression Results

Using a two-way fixed effects regression (see Table 4), the results show that coun-
try distance has a significant negative impact on China’s feed grain import resilience at
the 1% level. This suggests that greater distance acts as a barrier to feed grain import
resilience, thus confirming Hypothesis 1. Further analysis of corn and soybean import
resilience also reveals that country distance significantly negatively affects both at the
1% level. In terms of control variables, population size has a significant positive effect at
the 1% level. This indicates that a larger population size is often linked to a greater agricul-
tural labor force and higher domestic market capacity. Theoretically, countries with larger
population size can support more extensive agricultural industries and food production
systems [46], making them potentially more stable sources of food supply. Contrary to
expectations, resource endowment shows a significantly negative effect at the 1% level.
One possible explanation is that countries involved in the BRI have weaker feed grain
complementarity with China, thus negatively affecting import resilience. Additionally, the
WTO impact coefficient is significantly negative at the 1% level. Membership in the WTO
increases import volumes, which reduces China’s feed grain import self-sufficiency and,
consequently, import resilience. Finally, trade openness has a significantly positive effect
at the 1% level, suggesting that countries with higher trade openness contribute more to
China’s feed grain import resilience.

Table 4. Regression Results for Country Distance on Feed Grain Import Resilience.

Variable
(1) (2) (3)

Feed Grain Corn Soybeans

co_dist
−1.187 *** −0.531 *** −0.373 *
(−6.292) (−3.248) (−1.890)

Prodi,t
−0.137 ** 0.005 0.130 *
(−2.565) (0.178) (1.841)

GDPi,t
0.021 −0.100 *** −0.115 ***

(0.728) (−5.238) (−4.604)

POPi,t
0.229 *** 0.146 *** 0.092
(3.196) (3.118) (1.458)

openi,t
0.039 ** 0.020 0.003
(2.124) (1.442) (0.172)

RATi,t
−0.020 * −0.001 0.005
(−1.948) (−0.222) (0.791)

WTOi,t
−0.121 *** −0.004 0.002
(−3.698) (−0.196) (0.066)

Constant
−4.117 *** 0.295 1.675
(−3.152) (0.411) (1.627)

Observations 968 968 968
R2 0.573 0.483 0.429
Adjusted R2 0.539 0.443 0.384
Individual Effect Control Control Control
Time Effect Control Control Control

Note: T-values in parentheses are robust estimates. Significance levels are indicated as ***, **, and * for 1%, 5%,
and 10%, respectively. Same as Tables 5–9.
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Table 5. Regression Results on the Association between Country Distance across Multiple Dimensions
and Feed Grain Import Resilience.

Variable
(1) (2) (3) (4) (5)
Score Score Score Score Score

eco_dist
−0.073 *** −0.013 ***
(−9.700) (−3.737)

cul_dist
2.545 *** 0.015 ***
(3.333) (2.587)

ins_dist
0.001 *** 0.001 ***
(6.677) (7.198)

ge_dist −0.022 *** −0.033 ***
(−2.996) (−3.999)

Prodi,t
−0.126 *** −0.145 *** 0.083 *** 0.092 *** 0.104 ***
(−2.654) (−2.658) (5.845) (5.543) (6.100)

GDPi,t
0.051 ** 0.020 −0.035 *** −0.014 *** −0.064 ***
(2.007) (0.660) (−5.922) (−3.440) (−6.242)

POPi,t
0.406 *** 0.057 0.023 *** −0.002 0.052 ***
(5.293) (0.926) (2.793) (−0.304) (3.894)

openi,t
0.038 ** 0.025 0.035 *** 0.028 ** 0.018 *
(2.190) (1.333) (2.988) (2.315) (1.702)

RATi,t
−0.014 * −0.024 ** −0.004 ** −0.009 *** −0.006 ***
(−1.798) (−2.083) (−2.030) (−3.840) (−3.018)

WTOi,t
−0.089 *** −0.109 *** −0.150 *** −0.134 *** −0.168 ***
(−2.903) (−3.163) (−3.795) (−3.368) (−4.084)

Constant
−8.117 *** −7.106 *** 0.670 *** 0.845 *** 1.283 ***
(−5.940) (−3.298) (7.155) (5.317) (7.931)

Observations 968 968 975 975 975
R2 0.612 0.559 0.248 0.222 0.274
Adjusted R2 0.581 0.525 0.224 0.197 0.249
Individual Effect Control Control Control Control Control
Time Effect Control Control Control Control Control

Table 6. Endogeneity Test Results.

Variable Score

co_dist
−0.053 **
(−2.203)

Prodi,t
0.128 ***
(4.091)

GDPi,t
−0.014 **
(−2.282)

POPi,t
−0.016 ***
(−2.924)

openi,t
−0.020

(−1.127)

RATi,t
−0.007 **
(−2.004)

WTOi,t
−0.012

(−0.548)

Constant
1.121 ***
(3.621)

Observations 883
R2 0.024
Adjusted R2 0.0160

Weak Instrumental Variables Test 40.63
Overidentification Test 1.499
p-value 0.1839

Note: Weak Instrumental Variables Test employs the F-Test, Overidentification Test employs Hansen Test.
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Table 7. Robustness Test Results.

Variable

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

Exclude
Outlier

Samples
PPML

Replace
Explanatory

Variables

Replace
Explanatory

Variables

Replace
Explanatory

Variables

co_dist
−1.189 *** −4.222 *** −2.239 ***
(−5.975) (−6.833) (−6.643)

L.co_dist
−1.228 ***
(−6.234)

co_dist_zcf
−1.394 ***
(−6.806)

Prodi,t
−0.135 ** −0.372 ** −0.482 *** −0.115 ** −0.483 ***
(−2.478) (−2.423) (−4.648) (−2.013) (−4.675)

GDPi,t
0.027 −0.062 0.058 0.023 0.070

(0.895) (−0.581) (1.233) (0.816) (1.544)

POPi,t
0.219 *** 0.943 *** 0.222 0.255 *** 0.501 ***
(2.953) (3.688) (1.582) (3.591) (3.152)

openi,t
0.037 * 0.165 ** 0.012 0.039 ** 0.016
(1.935) (2.214) (0.337) (2.065) (0.454)

RATi,t
−0.021 * −0.086 ** −0.023 −0.027 ** −0.022
(−1.899) (−2.032) (−1.404) (−2.389) (−1.354)

WTOi,t
−0.129 *** −0.375 *** −0.409 *** −0.122 *** −0.371 ***
(−3.920) (−4.291) (−6.567) (−3.372) (−5.960)

Constant
−4.101 *** −15.505 *** −4.610 * −4.631 *** −6.449 **
(−3.006) (−3.846) (−1.750) (−3.494) (−2.377)

Observations 887 968 968 928 968
R2 0.585 -- 0.976 0.562 0.976
Adjusted R2 0.550 -- 0.974 0.527 0.974
Individual Effect Control Control Control Control Control
Time Effect Control Control Control Control Control

Table 8. Examination of Trade Efficiency as a Mediator in the Relationship Between Country Distance
and Feed Grain Import Resilience.

Variable
(1) (2) (3)

Feed Grain
Import Resilience Trade Efficiency Feed Grain

Import Resilience

co_dist_z
−1.187 *** −4.792 *** −1.008 ***
(−6.292) (−7.484) (−5.318)

LPI
0.040 ***
(3.773)

Prodi,t
−0.137 ** 0.181 ** −0.128 **
(−2.565) (2.231) (−2.221)

GDPi,t
0.021 −0.416 *** 0.039

(0.728) (−4.409) (1.376)

POPi,t
0.229 *** −0.072 0.251 ***
(3.196) (−0.377) (3.525)

openi,t
0.039 ** −0.156 ** 0.040 **
(2.124) (−2.218) (2.116)

RATi,t
−0.020 * 0.068 *** −0.029 **
(−1.948) (3.063) (−2.509)

WTOi,t
−0.121 *** −0.009 −0.115 ***
(−3.698) (−0.117) (−3.223)

Constant
−4.117 *** 15.711 *** −5.082 ***
(−3.152) (4.814) (−3.836)

Observations 968 928 928
R2 0.573 0.678 0.568
Adjusted R2 0.539 0.652 0.533
Individual Effects Control Control Control
Time Effect Control Control Control
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Table 9. Examining the Moderating Roles of the BRI and RTA in the Relationship Between Country
Distance and Feed Grain Import Resilience.

Variable Base Regression BRI RTA

co_dist_z
−1.187 *** −0.816 *** −0.973 ***
(−6.292) (−4.223) (−9.053)

BRI
0.030

(1.200)

co_dist × BRI
−0.429 ***
(−3.328)

RTA
0.064 ***
(2.874)

co_dist × RTA
−0.038 ***
(−4.464)

Prodi,t
−0.137 ** −0.147 *** −0.134 ***
(−2.565) (−2.800) (−2.677)

GDPi,t
0.021 0.033 0.041

(0.728) (1.139) (1.569)

POPi,t
0.229 *** 0.235 *** 0.461 ***
(3.196) (3.206) (5.574)

openi,t
0.039 ** 0.030 0.047 ***
(2.124) (1.640) (2.690)

RATi,t
−0.020 * −0.023 ** −0.020 **
(−1.948) (−2.174) (−2.286)

WTOi,t
−0.121 *** −0.130 *** −0.093 ***
(−3.698) (−4.067) (−2.903)

Constant
−4.117 *** −4.543 *** −6.309 ***
(−3.152) (−3.460) (−4.836)

Observations 968 968 968
R2 0.573 0.585 0.601
Adjusted R2 0.539 0.552 0.569
Individual Effect Control Control Control
Time Effect Control Control Control

This study further examines the impact of country distance on China’s feed grain import
resilience across four dimensions: geographic, economic, institutional, and cultural distance
(see Table 5). The coefficient for geographic distance has a significantly negative effect on feed
grain import resilience at the 1% level. Feed grain is challenging to store and transport due
to their short shelf life, large volume, and susceptibility to spoilage. As a result, increased
geographic distance raises explicit costs, such as transportation and time, in import trade.
It also elevates implicit costs related to information integration and corporate management,
due to issues like information asymmetry and inefficient cross-border knowledge transfer.
These factors hinder trade resilience. The coefficient for economic distance also has a signifi-
cantly negative impact on China’s feed grain import resilience, at the 1% level. According to
demand similarity theory, countries with similar levels of economic development tend to
have more homogenous consumer preferences [47]. Greater economic distance reflects larger
disparities in economic development, infrastructure, and factor costs. This leads to differences
in product selection and consumption habits, resulting in lower trade compatibility, higher
initial transaction costs, and significant information barriers. During crises, these differences
make it harder to find alternative markets or adapt, increasing the vulnerability of supply
chains to disruption. In contrast, both cultural and institutional distances have a significant
positive effect on China’s feed grain import resilience. This finding is contrary to expectations.
One possible explanation is that countries with greater cultural and institutional distance often
serve as “marginal suppliers”. These suppliers provide critical supplements when shortages
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occur in mainstream source countries. For example, when major feed grain suppliers like the
United States or Brazil face trade risks, China may be forced to develop trade relationships
with countries along the BRI, which have different cultural and institutional backgrounds [48].
Although this approach involves higher initial costs, it ultimately diversifies import channels
and enhances overall resilience.

5.2. Endogeneity Issues

To address the endogeneity between country distance and feed grain import resilience,
this study employs contiguity and landlocked status between China and its feed grain source
countries as instrumental variables. These indicators are natural geographical endowments,
highly correlated with country distance, and exert no direct impact on import resilience.
They satisfy the requirements of strict exogeneity, relevance, and exclusion restrictions for
instrumental variables. The regression results are presented in Table 6. F-values for the Weak
Instrumental Variables Test are well above 10. Additionally, the over-identification test fails
to reject the null hypothesis at the 10% level, confirming that the instrumental variables are
valid. The core explanatory variable is significantly negative at the 5% level, indicating that
country distance reduces the resilience of China’s feed grain imports. This result validates the
robustness of the benchmark regression findings.

5.3. Robustness Tests

This study conducts several robustness tests, including methods such as sample replace-
ment, substitution of estimation methods, replacement of explanatory variables, and changes
to the dependent variable. The details are as follows. Outlier exclusion. Years with extreme
events are excluded from the sample. Specifically, data from 2008 (the financial crisis) and
2020 (the COVID-19 pandemic) are removed, and the regression is re-run. The results are
shown in Regression (1). Estimation method substitution. Re-estimation is performed using
Poisson Pseudo-maximum Likelihood (PPML), with the results displayed in Regression (2).
Substitution of feed grain import resilience measurement. Principal component analysis
is used to estimate China’s feed grain import resilience, and the results are shown in
Regression (3). Lagged country distance. A one-period lagged country distance is included in
the regression, and the results are presented in Regression (4). Country distance measurement
replacement. The principal component method is applied to calculate country distance for
the regression, with the results displayed in Regression (5). The robustness test results in
Table 7 indicate that, at the 1% significance level, country distance consistently has a negative
impact on China’s feed grain import resilience. This confirms the robustness of the benchmark
regression results, showing that a decrease in country distance strengthens China’s feed grain
import resilience.

5.4. Mediating and Moderating Effects Analysis
5.4.1. Mediating Role of Trade Efficiency

The benchmark results show that country distance reduces the resilience of China’s
feed grain imports. To explore the mechanism behind this effect, the Logistics Performance
Index (The Logistics Performance Index (LPI) comprises six dimensions: the efficiency
of customs clearance, the quality of infrastructure, the ease of arranging international
shipments, the quality of logistics services, tracking and tracing capabilities, and delivery
timeliness. It evaluates the efficiency and quality of a country’s or region’s logistics system
and serves as a key indicator of trade facilitation and overall trade efficiency.) (LPI) is
used as a mediator to measure trade efficiency across countries. A three-step regression
approach is applied (see Table 8). The findings indicate that country distance weakens the
resilience of China’s feed grain imports by lowering the trade efficiency of the exporting
countries. This supports Hypothesis 2.
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5.4.2. The Moderating Role of the BRI and RTA

When selecting moderating variables, it is crucial to ensure they are independent
of the explanatory and dependent variables [49]. A country’s decision to join an RTA is
influenced by a combination of economic interests, geopolitical strategies, domestic politics,
and external factors. This decision is independent of factors like feed grain import resilience
and country distance, making it a suitable moderating variable. Therefore, this study in-
troduces binary dummy variables and incorporates interaction terms between the BRI,
RTA, and country distance into the econometric model for regression analysis (see Table 9).
The results from regression (1) and regression (2) reveal a declining trend in the abso-
lute value of the regression coefficient for the independent variable, “country distance”.
Additionally, the interaction term between the moderator variable BRI and country dis-
tance shows a significantly negative coefficient at the 1% level. This indicates that the
BRI reduces the negative impact of country distance on feed grain import resilience, thus
confirming Hypothesis 3. Similarly, the results from Regression (1) and Regression (3) show
a declining trend in the absolute value of the regression coefficient for “country distance”.
Furthermore, the interaction term between country distance and the moderator variable
RTA yields a statistically significant negative coefficient at the 1% level. This suggests
that RTA also helps mitigate the negative effect of country distance on feed grain import
resilience, validating Hypothesis 3.

6. Conclusions and Discussions
This study evaluates the resilience of China’s feed grain imports in relation to the

country’s distance of trading partners. Using a two-way fixed effects model, it investigates
the impact of country distance on import resilience. The findings advance the theoretical
understanding of food security and trade resilience, while offering empirical guidance for
optimizing China’s feed grain import strategies amid deepening globalization.

First, country distance has a significant negative effect on China’s feed grain import
resilience. Among the various types of distance, geographic and economic distances
have the most pronounced negative impacts, while institutional and cultural distances
exhibit positive effects. This negative impact of country distance is particularly evident
in China’s soybean and corn import resilience. National distance reduces the resilience
of feed grain imports, consistent with the gravity model [50], which considers distance a
natural barrier to trade. The effects, however, vary across different distance dimensions.
Geographic and economic distances strongly hinder imports by increasing logistics costs,
transit times, and transaction risks—factors that are particularly critical for time-sensitive
feed grains [51]. In contrast, institutional and cultural distances can enhance resilience.
Institutional diversity may encourage cooperation and innovation, while cultural differ-
ences broaden the range of potential partners, helping to diversify supply and reduce
dependence on a single market. This supports the concept of institutional complementarity,
where certain differences mitigate supply concentration risks. For soybeans and corn, na-
tional distance consistently exerts a negative effect, reflecting high dependence on external
sources and concentrated import origins. These results highlight the importance of tailored
risk management strategies for different grain types.

Second, trade efficiency plays a mediating role in the relationship between country
distance and feed grain import resilience. Specifically, country distance reduces import
resilience by weakening the trade efficiency of the exporting countries. This study iden-
tifies trade efficiency as a key mediator linking national distance to import resilience.
Greater national distance reduces trade efficiency by raising customs barriers, extending lo-
gistics lead times, and increasing transaction costs such as negotiation and communication.
Lower trade efficiency, in turn, constrains the ability to respond to supply shocks, adjust
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import channels, and maintain stable supplies—core components of import resilience.
This mechanism provides a micro-foundation for understanding how distance affects food
security. These findings extend existing research on trade barriers. While previous studies
emphasized tariffs and non-tariff measures, this study highlights informal barriers inherent
in national distance. The results also support the view that improving trade facilitation
can mitigate distance-related frictions [52,53]. For China, advancing institutional reforms
and infrastructure connectivity offers a practical approach to reducing distance-related
obstacles and enhancing the stability of feed grain supply chains.

Third, the interaction between the BRI, RTA, and country distance is consistently
negative and statistically significant. This suggests that participation in the BRI and RTA
can help mitigate the negative impact of country distance on China’s feed grain import
resilience. This finding underscores the role of institutional openness in complementing
market openness [54]. Through cross-border infrastructure development and policy coor-
dination, BRI reduces both physical and institutional barriers to trade, thereby lowering
logistics costs and uncertainty [55]. Similarly, RTAs standardize trade rules and reduce
tariff and non-tariff barriers, creating a more predictable trade environment that stabilizes
import supply. These results align with China’s strategy of promoting multilateral and
regional trade cooperation. Compared with merely expanding import partners, institu-
tional cooperation is more effective in stabilizing trade expectations and enhancing the
resilience of feed grain imports. For example, cooperation with countries along the BRI has
diversified import sources, shortened transit times, and reduced costs for corn imports [56].
Nevertheless, the effectiveness of different institutional arrangements varies by crop type
and region, highlighting the need for targeted design and implementation.

7. Policy Recommendations
Based on the findings, the following policy recommendations are proposed to en-

hance China’s feed grain import resilience and safeguard the security of its feed grain
supply chain:

7.1. Optimize Import Arrangements and Manage Country Distance Risks

This study confirms that geographical and economic distances are primary factors hinder-
ing import resilience, while institutional and cultural distances promote it. Therefore, China
should implement a strategy of diversifying and targeting import sources. While strengthening
trade relations with geographically proximate countries, such as those in Southeast Asia, China
should also deepen cooperation with core suppliers like Brazil and Argentina. These countries,
although geographically distant, are rich in agricultural resources. Long-term agreements and
strategic investments in these regions can stabilize imports and mitigate the negative impact
of geographic distance. Moreover, the potential positive impacts of institutional and cultural
differences should be leveraged. By fostering cultural exchanges and institutional learning,
these differences can be transformed into complementary advantages, expanding trade channels
and enhancing resilience.

7.2. Strengthen Institutional Openness to Mitigate Distance-Related Disadvantages

Research indicates that initiatives like BRI and RTA can effectively reduce the con-
straints posed by geographic distance. China should advance high-quality agricultural
cooperation within the BRI, focusing on feed grain supply chains. Key areas such as ware-
housing, logistics, port construction, and inspection should be prioritized, as they help
reduce logistics and transaction costs. Furthermore, China should actively negotiate and
upgrade regional trade agreements, incorporating high-standard provisions for trade facili-
tation, investment protection, and mutual recognition of standards. Binding institutional
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arrangements will bridge institutional and economic gaps, fostering a stable, transparent,
and predictable international policy environment for feed grain imports.

7.3. Enhance Trade Efficiency Through Key Intermediaries

Trade efficiency plays a critical role in overcoming the challenges posed by country
distance. Therefore, it should be treated as a core policy lever. Domestically, China should
promote digital and standardized reforms in cross-border trade processes. Major ports
should align with international standards, and facilitation models like “advance decla-
ration” and “two-step declaration” should be widely implemented to improve customs
clearance efficiency. Internationally, China should lead global trade facilitation initiatives,
prioritizing mutual recognition agreements with key supplier countries on document for-
mats and inspection/quarantine standards. Furthermore, dedicated “green channels” for
essential goods, such as feed grains, should be established, ensuring priority inspection
and rapid release. By enhancing operational-level facilitation, China can offset the negative
impact of country distance on import resilience.

7.4. Build a Resilient and Secure Supply System with Domestic Foundations

To strengthen resilience against international supply chain fluctuations, it is essential
to integrate domestic and international efforts while enhancing domestic capabilities.
On the domestic front, China should continue boosting oilseed production capacity, such
as through soybean cultivation. This can be achieved through stable planting subsidies,
breakthrough technologies like soybean-corn intercropping, and improved supply chain
coordination. These efforts will raise self-sufficiency rates and reduce over-reliance on
imports. Additionally, China should implement a “comprehensive food perspective”.
While ensuring basic self-sufficiency in grains, the planting structure should be optimized
for food, cash crops, and fodder. Expanding production across diverse national territories,
including forests, grasslands, and oceans, will create a diversified food and feed resource
base. Ultimately, this will establish a modern food supply system that relies primarily on
domestic production, while maintaining diverse and resilient import sources, supported by
strong security safeguards.
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