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Abstract: Food security is the cornerstone of national security, and exploring the resilience of the grain industry 

chain is particularly important under the current complex and changing external environment. The study is to 

evaluate the grain industry chain resilience and identify its influencing factors. Based on the panel data of 30 

provinces (cities) in China from 2011 to 2022, this paper adopted Partial Least Squares structural equation 

modeling method to carry out comprehensive evaluation, applied Dagum Gini coefficient to analyze spatial 

differences, and used geo-detectors to identify the influencing factors. The results showed that (1) from an 

overall perspective, the resilience of China's grain industry chain showed an overall upward trend, and each 

region had been greatly improved; (2) from the perspective of spatial differences, the overall spatial variability 

of China's grain industry chain is relatively small, and the gap mainly originates from inter-regional 

differences; (3) from the perspective of influencing factors, the level of grain foreign trade, regional market size 

and agricultural innovation level were important factors. In order to enhance the resilience of China's grain 

industry chain, based on the heterogeneous characteristics, the coordinated development of each region should 

be integrated, and the endogenous power should be given full play to enhance the resilience of the industry 

chain. 
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1. Introduction 

Food security is “the most important thing of the country”, and improving the resilience and 

security level of the food industry chain is an important hand in guaranteeing national food security. 

At present, the impact of external disturbances such as epidemic shocks, extreme weather and 

geopolitical risks on the whole grain industry chain has always been a key concern of the state and 

scholars. In recent years, China's grain production capacity has continued to improve, the number of 

deep processing enterprises has increased year by year, the supply structure has been optimized, and 

the modernization level of distribution has continued to improve. However, the global 

unprecedented changes have accelerated the evolution of the domestic market supply and demand 

for food from the stage of structural relative surplus tends to tight balance situation and will be 

maintained in the medium and long term continuation [1], the uncertainty and instability of the 

international food market increased significantly, the global food supply chain is facing the risk of 

decoupling and chain breakage has further increased. Therefore, it is of great significance to study 

the resilience level of China's grain industry chain to promote the high-quality development of the 

grain industry, promote the coordinated development of production and marketing regions, and 

consolidate the foundation of food security. 

In the research of existing scholars, the theoretical research around the connotation of the 

industry chain resilience definition, formation mechanism, enhancement path and other theoretical 

research has made a big achievement, which provides a lot of reference for the research of this paper. 
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However, there is little literature on China's industrial chain resilience level for direct measurement, 

the relative lack of empirical research, specific to the food industry chain resilience research is even 

more rare. Especially in the context of the urgent improvement of industry chain resilience and 

security, there is an urgent need to have a comprehensive understanding of the development level of 

China's grain industry chain resilience. Based on this, this paper bases on the four levels of industry 

chain foundation, risk resistance, adaptive adjustment and innovation and transformation, constructs 

a comprehensive evaluation index of China's grain industry chain resilience, comprehensively 

measures the level of grain industry chain resilience based on China's data from 2011-2022, analyzes 

its spatial differences by using the Dagum Gini coefficient, and combines the geographic detectors to 

identify and diagnose the main factors affecting the resilience of the grain industry chain. There are 

two possible marginal contributions: (1) to analyze the resilience of the Chinese grain industry chain 

in depth, focus on the inter-provincial differences in the the grain industry chain resilience in and 

analyze in depth the intrinsic causes of its spatial differences, so as to provide a reference for the 

integrated and coordinated development of the grain industry chain resilience in China; (2) to 

incorporate spatial effects into the scope of analyzing the influencing factors, and to use the geo-

detectors to reveal the driving factors of spatial, which can better overcome the problems of multiple 

covariance and endogeneity than the traditional regression method. 

2. Literature Review and Theoretical Analysis 

2.1. Literature Review 

The word "resilience" is originally from the Latin word "resilire", which is translated by scholars 

as "to return to a pristine state", denoting the ability of a system to recover from an external 

perturbation [2]. In the field of economics, resilience is often used to characterize the resistance and 

resilience of an economy to external shocks, and related studies have focused on economic resilience, 

innovation resilience and system resilience [3-5]. With the expansion of the resilience concept in the 

field of economics, the study of "resilience" has been introduced into the field of industrial economics 

[6-7]. The resilience issue has been an important concern in economics, but there are relatively few 

studies on resilience of grain industry chain [8]. Among them, the representative results focus on 

resilience of grain system and supply chain, including the connotation of grain resilience, resilience 

measurement and resilience improvement countermeasures. 

In terms of the connotation of grain resilience, Tendall et al [9] were the first to introduce 

resilience research into the food field, and built up a conceptual framework of food system resilience 

in their study of food security systems, proposing that food system resilience refers to the ability of a 

food system to cope with the formation of shocks (internal or external, cyclical or structural, emergent 

or gradual) by factors such as the natural environment, the political economy, and the socio-economy; 

Smith et al [10], using extreme weather events in Australia as a research context, noted that the key 

elements of food chain resilience include scale, diversity, variety, and cohesion, which are specified 

as the ability of a system to withstand and recover from disruptions, thereby maintaining essentially 

the same organizational structure and functional roles; Ivanov et al [11] studied food supply chain 

management systems in the context of disruptions to the economy, defining resilience as the ability 

of an organization or system to regain its full functionality in the face of disruption.Zurek et al [12] 

proposed food system resilience consisting of robustness, resilience, and reorientation based on the 

understanding of food system risks, shocks, and stresses by examining different concepts of 

resilience. Hui et al [13] empirically analyzed grain production resilience based on the studies related 

to resilience and defined food production resilience as the resistance and resilience shown by the food 

production system in response to external shocks. Chan et al [14] believed that the resilience and 

security level of the food industry chain mainly refers to the ability to maintain the stability of the 

chain when subjected to external shocks, prevent the interruption of key nodes, and be able to quickly 

adjust after the shock to restore to the operating state, or upgrade and optimize the chain to a more 

ideal state. Based on this, industry chain resilience is mainly manifested as the infrastructure, 

resistance, adaptability and change ability of the industry chain. When the grain industry chain 
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responds to impacts and disturbances, the three capacities of resistance, adaptability and change 

ability exist at the same time, influence each other, and jointly reflect the strength of its own resilience, 

which is also the core element to test the risk-resistant ability of the resilience industry chain. 

In terms of grain resilience measurement, most scholars increasingly recognize that grain 

industry resilience is a critical path to address the grain security crisis, but there is still a lack of 

accurate methods to measure grain system resilience. Béné et al. reported that grain system resilience 

is derived from individual actors and phylogenetic processes, and established a system for assessing 

grain resilience consisting of absorptive capacity, adaptability and reform capability [15]. Specifically, 

tangible elements include easily measurable capabilities such as improved farming methods, income 

levels, livelihood diversification, and safety nets. Additionally, Rimhanen et al. prioritized key 

variables in constructing a framework for grain system resilience in Finland, valuing as the most 

crucial factors variety of production, multifaceted, trust-based interaction between actors, 

independence of external inputs, system comprehension, and domestic renewable energy sources 

[16]. 

In terms of grain resilience improvement, Hertel et al. claimed that a resilient grain system needs 

to be economically resilient, socially resilient and ecologically resilient [17]. The grain industry chain 

involves multiple links, and enhancing industry chain resilience to better mitigate external shocks 

and pressures requires consideration of the entire grain industry, including the synergies between 

the different links and the behavioral activities of the grain system participants [18-19]. When the 

grain system faces a series of external shocks, participants need to quickly adjust their behavior to 

respond to external changes, so as to resist the destruction of the expected results, that is, to maintain 

the status quo as much as possible [20]. There are studies show that agricultural development, 

increase of farmer income and grain security are closely related, which promoting the organic 

integration of agricultural development, increase of farmer income and grain efficiency is a crucial 

route to strengthening the grain security system's resilience [21-22]. 

2.2. Theoretical Analysis 

Resilience emphasizes more on the system's capacity to withstand shocks and the adaptability 

to the new environment, focusing on the evolution process rather than the results. In this study, the 

grain industry chain's resilience is defined as "the grain system's capacity to keep the chain stable in 

the face of pressures and shocks from the outside and within, i.e., industry basis, resistance, 

adaptability and reform capability". 

2.2.1. Industrial Basis 

The grain industry base is mainly reflected in the logistics base and communication base. The 

rapid development of modern information technology has prompted all kinds of logistics and 

communication elements to become the basic carrier linking the upstream and downstream of 

China's grain industry chain [23-24]. 

2.2.2. Resistance 

The resistance of grain industry mainly refers to the grain industry chain's ability to prevent 

chain breakage underneath the impact of shock disturbances from the environment and the inside. 

The development of the grain industry chain itself is an important factor influencing the resistance, 

such as the resource allocation capacity of the industry chain, the industry infrastructure and the 

completeness of the chain. 

2.2.3. Adaptability 

The adaptability of grain industry chain mainly refers to the sustainability and restorability of 

grain industry chain to cope with shocks, the ability of chain operators to make reasonable 

adjustments of resources, technology and system to adapt to the changes in external environment 

caused by shocks and maintain the stable operation of full industry chain, including the degree of 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2024                   doi:10.20944/preprints202406.1601.v1

https://doi.org/10.20944/preprints202406.1601.v1


 4 

 

recovery and adaptation of internal adjustments of each link in the industry chain. Compared with 

resistance, the difference is that the adaptability of the industry chain is reflected by a major impact 

during its operation. If any of links fails to recover from an impact, it will cause a knock-on effect 

across the entire industry chain. 

2.2.4. Reform Capability 

The reform capability of grain industry chain mainly alludes to the innovation of the grain 

industrial chain after being affected by shocks and disturbances, which is manifested as a series of 

comprehensive improvements and technological innovations in grain production methods, business 

models and services. A huge exogenous shock can make the grain industry chain face a series of 

problems, in extreme cases, the internal organization of the grain industry chain and the external 

operating environment will change qualitatively, but this usually also provides new opportunities 

for the grain industry chain to change and reshape. 

3. Methods and Materials  

3.1. Methods 

3.1.1. PLS Structural Equation 

This paper draws on the complex data table analysis method proposed by Guinot et al [25] to 

construct a model for measuring the resistance of China's grain industry chain. The model measures 

the resistance of the grain industry chain using a second-order model based on PLS structural 

equations to achieve greater theoretical simplicity and lower model complexity, which is shown in 

Table 1. In addition, PLS-SEM is more lenient in its requirements for sample size and data 

distribution, and has a higher reliability of model estimation for models that contain multiple 

structures and multiple path relationships. In summary, PLS-SEM is very effective in identifying 

multiple key target structures and their influencing factors, can flexibly set the relationship between 

model structures and variables, has a high degree of explanation for endogenous variables in the 

model, and has been widely used in other empirical studies at home and abroad [26-28]. 

Table 1. Measurement of grain industry chain resilience based on second-order structural equation 

modeling. 

First-order model Second-order model 

yi=Λy·ηj+εi 

yi=manifest variables 

Λy=first-order latent variable factor loading 

ηj=first-order latent variable 

εi=measurement error 

ηj=Γ·ξk+ζi 

ηj=first-order factor 

Γ=second-order latent variable factor loading 

ξk=second-order latent variable 

ηj=first-order latent variable 

ζi=first-order factor error 

3.1.2. Dagum Gini Coefficient and Its Subgroup Decomposition Method 

According to Dagum Gini coefficient and its decomposition, the overall source of variation G 

can be decomposed into the contribution of intra-regional variation G1, the contribution of inter-

regional variation G2 and the contribution of hypervariance density G3, and the relationship between 

the three satisfies G=G1+G2+G3. Usually, the smaller the intra-regional variation and the inter-regional 

variation, the closer the resilience of the food industry chain is to the intra- or inter-region, and the 

higher synergy, and vice versa, the lower synergy. The hypervariance density measures the 

variability of the cross overlapping parts of different regions. The specific formula is shown in 

equation (1): 
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G=∑ ∑ ∑ ∑
|𝑦𝑗𝑖−𝑦ℎ𝑟|

2𝑛2𝑦̅

𝑛𝑘
𝑟=1

𝑛𝑗

𝑖=1
𝐾
ℎ=1

𝐾
𝑗=1  

G=G1+G2+G3 

(1) 

In equation (1), G is the total Gini coefficient, k is the total number of regions, j and h are the 

different regions within the k regions, and i and r are the provinces (cities) within the different 

regions. nj (nh) denotes the number of provinces (cities) within the j (h) region, yji (yhr) denotes the 

level of resilience of the food industry chain of the provinces (municipalities) within the j (h) region, 

and 𝑦̅ denotes the average of the resilience of the food industry chain of each province (cities). 

Among them, the intra-regional variation contribution G1, inter-regional variation contribution G2 

and hypervariable density contribution G3 are shown in equations (2), (3) and (4), respectively:  

G1=∑ ∑
|𝑦𝑗𝑖−𝑦ℎ𝑟|

𝑛𝑗×𝑛ℎ(𝑦𝑗̅̅ ̅+𝑦ℎ̅̅ ̅̅ )

𝑛𝑘
𝑟=1

𝑛𝑗

𝑖=1
 (2) 

G2=∑ ∑ 𝐺𝑗ℎ(pjsh + phsj)
𝑗−1
ℎ=1

𝐾
𝑗=2  (3) 

G3=∑ ∑ 𝐺𝑗ℎ(pjsh + phsj)(1 − Djh)
𝑗−1
ℎ=1

𝐾
𝑗=2  (4) 

In equation (4), 𝑝𝑗 =
𝑛𝑗

𝑛
，𝑠𝑗 =（nj · y̅j）（n · y̅），∑ 𝑝𝑗 = ∑ 𝑠𝑗 = 1且∑ ∑ 𝑝𝑗𝑠ℎ = 1 𝐾

ℎ=1
𝐾
𝑗=1 . 

3.1.3. Geo-Detecors 

The geodetector can effectively detect the spatial dissimilarity of data and measure the driving 

factors of variables and their contribution based on the similarity of spatial distribution among 

variables, and it does not need to consider the problem of multicollinearity of the explanatory 

variables, and it can better avoid the problem of endogeneity that the explanatory variables and the 

explanatory variables are causal to each other [29]. Therefore, based on the geo-spatiality of the data 

geo-detectors is selected to study the influencing factors of the resilience of the food chain. Its 

expression is: 

Q = 1-
∑ Nrσr

2L
t

Nσ2 =1-
SSW

SST
 (5) 

3.2. Data Sources and Indicator Systems 

Due to the large number of missing values in Tibet and Hong Kong and Macao Autonomous 

Region, the paper selects data from 30 provinces and regions in China from 2011 to 2022 to provide 

a comprehensive evaluation of the resilience of the grain industry chain. The data are mainly from 

China Rural Statistical Yearbook, China Grain Yearbook, China Agricultural Reclamation Statistical 

Yearbook, China Regional Economic Statistical Yearbook and China Statistical Yearbook, and 

statistical methods are adopted to fill in individual missing values. 

In the construction of grain industry chain resilience index system, based on the connotation of 

grain industry chain resilience and referring to the previous research [30-33], the guideline layer is 

constructed from four levels, namely, industry chain foundation, risk resistance and adaptive 

adjustment and innovation and transformation. Among them, the industrial chain foundation mainly 

refers to the logistics foundation and communication foundation, and five indicators such as railroad 

business mileage and highway mileage are selected [34]; the risk resistance is mainly the ability to 

resist shocks when the food system is affected by uncertainties, and four indicators such as sown area 

of grain and effective irrigated area are selected; the adaptive adjusting power is mainly the adaptive 

ability of the food system to damage after the shock occurs, and four indicators such as 4 indicators 

such as agricultural film use and rural electricity consumption; innovation and transformation power 

is mainly the ability of the food system to recover to the original state or even exceed the original 

level through adjustment after the shock, and 6 indicators such as total power of agricultural 
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machinery and output value of agriculture, forestry, animal husbandry and fishery are selected. The 

details are shown in Table 2. 

Table 2. Comprehensive evaluation index system for the resilience level of the food chain. 

Second-order 

latent variable  

First-order 

latent variable 
Visible-variable Normative 

Grain Industrial 

Chain Resilience 

Grain Industry 

Basis 

JC1 Railroad operating mileage (10,000 kilometers) 

JC2 Road mileage (10,000 km) 

JC3 Cargo turnover (billion tons kilometers) 

JC4 Length of long-distance fiber-optic cable lines (10,000 km) 

JC5 Number of Internet broadband access ports (10,000) 

Grain Industrial 

Resistance 

DC1 Area sown with grain (thousands of hectares) 

DC2 Effective irrigated area (thousands of hectares) 

DC3 Value of grain production (billions of dollars) 

DC4 Total grain production (tons) 

Grain Industrial 

Adaptability 

SY1 Agricultural film use (tons) 

SY2 Rural electricity consumption (billion kWh) 

SY3 Fertilizer application (tons) 

SY4 Pesticide use (tons) 

Grain Industrial 

Innovation 

Capacity 

CX1 Total power of agricultural machinery (10,000 kilowatts) 

CX2 Agriculture output (billions of dollars) 

CX3 Gross output value of the grain and oil industry (billion yuan) 

CX4 Number of enterprises in the food industry (number) 

CX5 Profit of food industry enterprises (billions of dollars) 

CX6 Agricultural technicians (persons) 

According to the theoretical model, the industrial chain foundation, risk resistance, adjustment 

adaptability, innovation and creativity together constitute the first-order latent variables, the 

variables JC1-CX4 are the measurement variables of the first-order latent variables, and the first-order 

latent variables are constructed to form the second-order latent variables of the resilience of the food 

industry chain. Among them, the connection relationship between first-order latent variables and 

measurement variables is Reflective (i.e., pointing from first-order latent variables to measurement 

variables), the reason is that the measurement variables such as JC1 can reflect but not determine the 

first-order latent variables such as the foundation of the grain industry chain and the capacity; while 

the connection relationship between first-order latent variables and second-order latent variables is 

Formative (i.e., pointing from first-order latent variables to second-order latent variables). The 

connection between first-order latent variables and second-order latent variables is formative (i.e., 

from first-order latent variables to second-order latent variables), because the resilience of the food 

industry chain constructed in this paper consists of topics such as the basis of the industry chain, and 

the change of the topics will cause the change of conceptual organization. The above measurement 

variables, first-order latent variables, second-order latent variables, and the connecting relationship 

between the variables together construct a Reflective-Formative Hierarchical Model in Figure 1, 

which is suitable for assessment using the Repeated Indicator Approach [35]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2024                   doi:10.20944/preprints202406.1601.v1

https://doi.org/10.20944/preprints202406.1601.v1


 7 

 

 

Figure 1. Reflection-Forming Second-Order Model. 

4. Results 

4.1. Analysis of Spatial and Temporal Differences in the Resilience of China's Grain Industry Chain 

4.1.1. The Results of Composite Indicator Measuring China's Grain Industry Resilience 

1. Model fitting results 

In this study, SmartPLS3.0 software was used to analyze the data, and the parameter estimation 

method used was Path Weighting (Path Weighting Scheme), and the self-help sample method (i.e. 

Bootstrap) was chosen for the significance test of the model parameters. The maximum number of 

iterations of Path Weighting was set to 300 times, and the number of sampling times of the self-help 

sample method was set to 5000 times [36], and the factor loading coefficients and the model reliability 

and validity were obtained through calculations. 

As can be seen from Table 3, the factor loading coefficients from the measured variables to the 

first-order latent variables are mostly above 0.60, and only the factor loading coefficients of cargo 

turnover (JC3), rural electricity consumption (SY2) and the number of enterprises in the food industry 

(CX4) are around 0.50, and all of them passed the significance test. Composite Reliable (CR) is a 

reliable indicator of the internal consistency of the model structure, and the compositional reliabilities 

CR of the latent variables in the model are all higher than 0.60.Average Variance Extracted (AVE) 
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reflects the convergent validity of the model, and the average In addition, the correlation coefficients 

between the latent variables are less than the square root of their AVE, indicating that the model 

meets the requirements of the Fornell-Larcker criterion [37] and has discriminant validity. In 

summary, the results of model fitting in this paper passed the reliability test. 

Table 3. The measurement model of resilience of grain industry chain. 

Latent variable Factor loading CR AVE 

Grain Industry Base 0.430-0.765 0.834 0.530 

Grain Industrial Resistance 0.932-0.981 0.983 0.934 

Grain Industrial Adaptability 0.454-0.919 0.840 0.589 

Grain Industrial Innovation Capacity 0.483-0.883 0.880 0.558 

2. The results of the composite indicator measuring China's grain industry resilience 

According to the calculation structure of PLS structural equation, the weights of each indicator 

are obtained in Table 4. For explicit variables, the weight value of an indicator is the proportion of its 

loading coefficient value in the sum of the corresponding loading coefficients of the same group of 

explicit variables, and for evaluation dimensions, the weight of a certain evaluation dimension is 

equal to the proportion of its path coefficient value in the total of the path coefficients of each 

evaluation dimension. Based on the weights of the indicators, the comprehensive scores of the 

resilience of the grain industry chain of 30 provinces and regions in China from 2011 to 2022 were 

calculated. 

Table 4. Results obtained by the PLS structural equation model. 

Path Relationship Path Coefficient 

Grain Industrial Adaptability -> Grain Industrial Resilience 0.226*** 

 (34.534) 

Grain Industrial  Innovation Capacity -> Grain Industrial Resilience 0.356*** 

 (29.384) 

Grain Industrial Resistance -> Grain Industrial Resilience 0.226*** 

 (26.300) 

Grain Industry Base -> Grain Industrial Resilience 0.293*** 

 (27.679) 

From the national level, the average value of China's grain industry chain resilience water rose 

from -0.20 in 2011 to 0.17 in 2022, with an average annual growth rate of 15.42%, showing a good 

development trend, indicating that China's grain industry chain is transforming and upgrading in 

the direction of stabilization and resilience, but the overall level of resilience is still on the low side, 

and there is much room for improvement. As can be seen in Figure 2, the index levels of industry 

chain foundation, risk resistance and innovation and transformation capacity all show a growing 

trend, which reflects that China's agricultural infrastructure construction, material resource input and 

innovation capacity levels have all improved, and the modernization level of the grain industry has 

accelerated. However, the level of the adjustment resilience index has been showing a downward 

trend, indicating that the grain industry chain is still characterized by the overuse of chemicals in the 

production chain, and the green development of the grain industry is facing difficulties. 
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Figure 2. China's grain industry chain resilience average in 2011-2022. 

From the provincial level, China's grain industry chain resilience level shows obvious 

differences in different regions due to their different geographic advantages, resource endowments, 

transportation infrastructures, and market development. As can be seen in Figure 3, the index of the 

resilience level of the grain industry chain is higher in the eastern and central regions with abundant 

natural resources, perfect agricultural infrastructure, and a high degree of organization and scale of 

grain production, such as Shandong, Henan and Jiangsu. In addition, some regions have higher levels 

of industrialization and service industry, crowding out the factor resources and carrying space for 

agricultural development, and the resilience level of the food industry chain is lower, such as Beijing, 

Tianjin and Shanghai. In the western region, the per capita share of agricultural resources is relatively 

small, the location advantage is not obvious, coupled with backward infrastructure, low degree of 
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mechanization, the resilience level of the food industry chain is relatively low, such as Gansu, Qinghai 

and Ningxia. 

 

Figure 3. China grain industry chain resilience composite Score in 2011-2022. 

4.1.2. Analysis of spatial variation in China's grain industry resilience 

According to the National Bureau of Statistics division standard, China is divided into eastern, 

central, western and northeastern regions to explore the spatial differences in the resilience level of 

China's industrial chain. Dagum Gini coefficient and its subgroup decomposition method were 

applied to analyze the spatial differences, and the results are shown in Table 5. Among them, the 

overall Gini coefficient of China's grain industry chain toughness from 2011 to 2022 is in the range of 

0.360 to 0.390, indicating that the overall spatial variability is small. In terms of the contribution rate, 

the transfer variance contribution rate is the largest, which is around 40% in most years; the intra-

regional variance contribution rate and the intra-regional variance contribution rate show opposite 

trends. Within the study interval, interregional variation decreases year by year, while intraregional 

variation shows an increasing trend. On the one hand, this indicates that the food industry gap 

between the four major regions of China is gradually decreasing, and the synergistic development 

between regions promotes the narrowing of the resilience level of the industry chain between regions. 

On the other hand, it reflects that the grain industry in individual provinces (cities) within each region 

needs to be further strengthened, which in turn improves the resilience level of the region. 

Table 5. Intra-regional differences in China grain industry chain resilience in 2011-2022. 

Year G1 
Intraregional Gini coefficient Contribution (%) 

Eastern region Western region Central Region Northeast Region G12 G23 G34 

2011 0.385 0.542 0.185 0.314 0.153 25.629 36.371 38.000 

2012 0.379 0.536 0.180 0.310 0.151 25.605 36.378 38.018 

2013 0.378 0.534 0.182 0.311 0.164 25.640 36.032 38.328 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 June 2024                   doi:10.20944/preprints202406.1601.v1

https://doi.org/10.20944/preprints202406.1601.v1


 11 

 

2014 0.376 0.533 0.182 0.312 0.160 25.873 34.582 39.542 

2015 0.369 0.526 0.176 0.309 0.149 26.044 33.978 39.978 

2016 0.367 0.525 0.183 0.308 0.155 26.402 31.719 41.879 

2017 0.368 0.522 0.192 0.309 0.161 26.452 30.822 42.726 

2018 0.367 0.521 0.197 0.308 0.162 26.612 29.540 43.847 

2019 0.368 0.518 0.194 0.318 0.162 26.824 28.934 44.242 

2020 0.365 0.516 0.196 0.318 0.167 27.113 28.289 44.598 

2021 0.365 0.518 0.194 0.323 0.166 27.247 29.072 43.682 

2022 0.360 0.517 0.196 0.312 0.166 27.296 29.355 43.349 

1 Total Gini coefficient. 2 Differential contributions within regions. 3 Contribution of interregional differences. 4 

Transfer Variation Contribution. 

4.2. Analysis of Factors Affecting the Resilience of China's Grain Industry Chain 

By analyzing the spatial differences in the resilience of China's grain industry chain, it is found 

that there are significant spatial differences in the resilience of the grain industry chain between 

provinces and regions, so it is necessary to further analyze the influencing factors of the resilience of 

China's grain industry chain. To this end, the geodetector model is applied to analyze the influencing 

factors of the grain industry chain resilience in terms of single-factor detection and multi-factor 

interaction detection, which provides a basis for improving the resilience of China's grain industry 

chain. 

4.2.1. Selection of Indicators 

By combing the related literature [38-39], five indicators were selected as the influencing factors 

of grain industry chain resilience. The influencing factors of China's grain industry chain resilience 

in 2022 were analyzed by using geographic detectors, as shown in Table 6.  

Table 6. Factors affecting the resilience of China's grain industry chain. 

 Influencing factors Measuring Variables 

x1 Level of foreign trade in grain Foreign trade dependence on grain 

x2 Supply of arable land resources Area of arable land used per unit of grain production 

x3 Regional economic level GDP per capita 

x4 Regional market size Total retail sales of consumer goods 

x5 Level of agricultural innovation Number of patents in agricultural science and technology 

4.2.2. Analysis of Detection Results 

1. One-way analysis of variance 

The influencing factors need to be discretized before using Geodetector, and the continuity 

factors are discretized using SPPS27 software and substituted into Geodetector program for 

Geodetector analysis, and the degree of explanatory power (Q-value) of each influencing factor on 

the resilience of China's grain industry chain is finally calculated, and the results are shown in Table 

7. 

By analyzing the Q value and p value of the explanatory power of the grain industry chain 

resilience influencing factors, it can be seen that the level of China's grain industry chain resilience is 

significantly affected by these five factors. First, the Q value of the regional market size factor is 

0.3689, with the strongest explanatory power. Provinces with developed regional market scale have 

high capital activity, which can not only activate the regional economy and increase investment and 

consumption, but also provide a good market environment for the development of the grain industry 
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and significantly enhance the grain industry chain resilience. Second, the Q value of the level of 

foreign trade in grain is 0.3678. From the perspective of the import and export pattern of grain, China 

is a net importer of grain, but from the perspective of imported grains, China's external dependence 

on staple grains is very small, which has an important impact on the enhancement of the resilience 

of the grain industry chain [40]. Third, the Q value of agricultural innovation level is 0.3551. regions 

with high innovation level are more likely to use advanced scientific and technological achievements 

in the grain industry, reduce production costs, improve the grain production mechanism and 

circulation mechanism, increase grain production efficiency, and then enhance the grain industry 

chain resilience [41]. Fourth, the Q value of the regional economic level factor is 1513. with the 

implementation of the strategies of the rise of central China, the development of western China, and 

the revitalization of northeastern China, the economic development gap between regions is gradually 

narrowing, and the resilience level of the grain industry chain in the lagging regions is also gradually 

improving. Fifth, the Q value of the supply of arable land resources is 0.1413. Reasonable utilization 

of arable land resources and improvement of the arable land protection mechanism ensure the food 

production capacity of arable land and enhance the resilience level of the food industry chain. 

Table 7. One-Factor Detection Results of China's Grain Industry Chain Resilience in 2022. 

 x1 x2 x3 x4 x5 

Q statistic 0.3679 0.1413 0.1513 0.3689 0.3551 

p value 0.0278 0.0451 0.0344 0.0322 0.0355 

2. Multifactor interaction analysis 

The detection of interaction between multiple factors can identify whether the explanation of the 

resilience of the food chain will be increased or weakened when different factors work together. There 

are interactions between the five influencing factors, namely, the level of foreign trade in grain, the 

supply of arable land resources, the level of regional economy, the size of the regional market, and 

the level of agricultural innovation, and the types of interactions are two-factor enhancement and 

nonlinear enhancement, i.e., the explanatory power of the two-by-two interactions of the different 

influencing factors on the resilience of the agricultural industry chain is greater than that of the single-

factor interactions on the resilience of the grain industry chain. According to Table 8, it can be seen 

that the spatial distribution of China's grain industry chain toughness in 2022 is affected by the 

interaction and enhancement effects between different influencing factors. Among them, the 

explanatory power of the interaction between the level of foreign trade in grain and regional market 

size, the level of foreign trade in grain and the level of agricultural innovation, and the level of 

regional market size and the level of agricultural innovation ranked in the top 3, indicating that the 

level of foreign trade in grain, the level of regional market size, and the level of agricultural 

innovation have a greater impact on the toughness of China's grain industry chain. 

Table 8. One-Factor Detection Results of China's Grain Industry Chain Resilience in 2022. 

A∩B=Q A+B Comparative results Interact Result 

x1∩x2=0.6239 x1+x2=0.5093 Q>A+B>x1,x2 Enhance,nonlinear 

x1∩x3=0.4388 x1+x3=0.5192 A+B>Q>x1,x3 Enhance,bi- 

x1∩x4=0.7253 x1+x4=0.7368 A+B>Q>x1,x4 Enhance,bi- 

x1∩x5=0.7008 x1+x5=0.7231 A+B>Q>x1,x5 Enhance,bi- 

x2∩x3=0.3771 x2+x3=0.2927 Q>A+B>x2,x3 Enhance,nonlinear 

x2∩x4=0.4515 x2+x4=0.5102 A+B>Q>x2,x4 Enhance,bi- 

x2∩x5=0.3820 x2+x5=0.4965 A+B>Q>x2,x5 Enhance,bi- 

x3∩x4=0.6016 x3+x4=0.5202 A+B>Q>x3,x4 Enhance,nonlinear 

x3∩x5=0.6089 x3+x5=0.5065 Q>A+B>x3,x5 Enhance,nonlinear 
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x4∩x5=0.6311 x4+x5=0.7240 A+B>Q>x4,x5 Enhance,bi- 

5. Conclusions and Policy Implications 

5.1. Conclusions 

This paper explores the resilience of the grain industry chain in 30 provinces (cities) of China 

from 2011 to 2022, systematically analyzes its spatial differences and main sources by using Dagum's 

Gini coefficient and its subgroup decomposition method, and efficiently identifies the influencing 

factors of the grain industry chain through geodetectors. The main research conclusions are as follows:  

First, from an overall perspective, China's grain industry chain as a whole showed a significant 

upward trend from 2011 to 2022, and the toughness of the grain industry chain in various regions has 

been greatly improved. Among them, the average value of Shandong's grain industry chain 

toughness is the highest, 1.642, and the average value of Beijing's grain industry chain toughness is 

the lowest, -1.094, and the toughness of the grain industry chain in the eastern region is significantly 

higher than that in the western region. 

Second, in terms of spatial differences, the gap in agricultural resilience is larger in the eastern 

region and the regions, and the gap in resilience of the food chain between the rest of the regions are 

all in a gradually narrowing trend. Meanwhile, the differences were found to originate mainly from 

inter-regional differences through the decomposition of the Dagum Gini coefficient and its subgroups. 

Third, from the point of view of influencing factors, the level of food foreign trade, regional 

market size and agricultural innovation level are important factors affecting the resilience of the food 

industry chain, and the multi-factors interaction detection shows that there are interactions between 

all five influencing factors, and the types of interactions are two-factor enhancement and nonlinear 

enhancement. 

5.2. Policy Implications 

5.2.1. Differentiated Strategies Should Be Formulated to Coordinate Regional Coordinated 

Development 

Different regions should implement differentiated strategies according to local conditions and 

collaborate to promote the resilience of the grain industry chain. The eastern and central regions can 

take advantage of their economic development advantages, information technology and scientific 

and technological innovation advantages, focusing on cultivating leading enterprises in grain 

processing and circulation, promoting the digital transformation of the grain industry chain, and 

driving the synergistic development of the main grain-producing areas and the balance of production 

and marketing areas. The Northeast region should give full play to its resource advantages and 

location advantages, increase investment in agricultural infrastructure, take up the responsibility of 

growing food, strive to improve the efficiency of food production, and improve the risk resistance of 

the food industry chain. Further improve the policy support for the western region, so that it 

according to their own advantages in the development of mountain agriculture, while increasing the 

construction of rural road network and information technology to ensure smooth food supply, 

improve the ability to resist risk impact. 

5.2.2. Play the Spatial Effect, Reduce the Inter-Regional Grain Industry Chain Resilience Gap 

The level of toughness of the food industry chain has a significant positive spatial correlation, 

and neighboring regions with higher levels are more likely to influence the region to promote its 

upward transfer. Therefore, provinces with stable and strong grain industry chains (high-level 

provinces) should continue to play an advantage, and drive the improvement of the toughness level 

of grain industry chains in neighboring regions through technical foreign aid, project cooperation 

and other means. Low-level provinces should capitalize on their strengths and avoid their 

weaknesses, strengthen cooperation and exchanges with high-level provinces, and learn from 
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advanced experiences and practices. At the same time, attention should be paid to the construction 

of transportation infrastructure within and outside the region, the Internet and other information 

technology platforms, narrowing the space-time barriers, promoting the circulation of factors and 

market links, and thus narrowing the gap in the resilience of the food industry chain between regions. 

5.2.3. Adhere to the Innovation-Driven Strategy to Improve the Resilience of the Food Industry 

Chain 

First, increase investment in scientific and technological innovation, strengthen scientific and 

technological innovation in the seed industry, cultivate high-quality and high-yield varieties of grain; 

improve the level of agricultural mechanization, enhance the efficiency of grain production; 

strengthen the application of agricultural information technology and intelligence, comprehensively 

improve the efficiency and accuracy of grain production, and enhance the risk resistance of the grain 

industry chain. Secondly, we will build an integrated innovation platform of "industry, academia and 

research", cultivate high-level professionals around grain production, storage, processing and 

circulation, and promote the sustainable, rapid and coordinated development of the grain industry 

chain. Thirdly, we will carry out in-depth cooperation and exchanges with developed agricultural 

countries in the fields of breeding, production, deep processing, etc., and draw on the advanced 

experience and excellent practices of foreign countries to promote the transformation and upgrading 

of the grain system, and assist the high-quality development of the grain industry. 
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