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This study focuses on the role of agricultural production agglomeration in strengthening agricultural economic resilience, exploring the threshold effect of agricultural technological innovation level and the spatial spillover effect of agricultural production agglomeration on agricultural economic resilience. We conducted research across 31 provinces (including autonomous regions and municipalities) in China from 2007 to 2022. By constructing the evaluation index system of agricultural economic resilience, the entropy value method is used to measure the value of agricultural economic resilience, and then kernel density estimation and spatial econometrics model, threshold regression model are used to analyze the relationship between agricultural production agglomeration, agricultural technological innovation and agricultural economic resilience. (1) The analysis of the spatiotemporal evolution trend shows that the overall level of China’s agricultural economic resilience continued to rise, and presented a spatial development pattern of “high in the east and low in the west.” The overall level of agricultural production agglomeration in China shows a trend of first rising and then falling, among which the level of agricultural production agglomeration in the central region is significantly higher than that in the northwest and southeast regions. (2) The spatial Durbin model shows that agricultural production agglomeration can not only effectively improve the level of local agricultural economic resilience, but also have a positive impact on neighboring agriculture economic resilience produces positive spatial spillover effects. (3) Agricultural production agglomeration can improve the level of agricultural economic resilience by promoting agricultural social service. (4) The impact of agricultural production agglomeration on agricultural economic resilience shows great differences in different geographical regions. Among them, agricultural production agglomeration in the central region has a significant positive impact on the agricultural economic resilience of both local and adjacent areas. (5) The threshold effect model shows that the impact of agricultural production agglomeration on agricultural economic resilience has significant nonlinear characteristics, and its impact shows an increasing marginal effect as the level of agricultural technological innovation increases. To address this, policymakers should reinforce agricultural cluster construction, boost innovation capacity and treasure spillover effects between regions. These insights provide valuable direction for policymakers in crafting effective measures to enhance agricultural economic resilience.
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1 Introduction

As a basic industry for national economic construction and development, the healthy development of agriculture is of great significance to ensuring national food security and maintaining social stability (Berry et al., 2015; Calicioglu et al., 2019). Since the reform and opening up, China’s comprehensive agricultural production capacity has been continuously improved, and the agricultural economy has developed rapidly (Lai et al., 2020). However, China’s agriculture is also facing many severe challenges, which seriously restrict the sustainable development of the agricultural economy. On the one hand, with the decreasing marginal effect of factor input and the tightening constraints of resource and environmental, the damage to public interest caused by extensive land use exceeds the benefits of producing additional food on new land, and it endangers environmental sustainability (Burney et al., 2010; Tilman et al., 2011). On the other hand, due to the unreasonable food consumption structure and the significant change in food demand structure, the pressure on the effective food supply and transformation of the agricultural food system has continued to increase (Elechi et al., 2022). At the same time, with the increase in the frequency and intensity of uncertainty events such as extreme weather and pandemics, the uncertainty and instability risks faced by the agricultural modernization process are constantly superimposed (Mishra et al., 2021; Li and Liu, 2023).

Maintaining the stable and sustainable development of the agricultural economy is a practical step in promoting agricultural modernization in China. The 20th National Congress of the Communist Party of China outlined a visionary roadmap, emphasizing the acceleration of constructing a robust agricultural country, with a foundational guarantee of enhancing economic resilience. Due to the natural attributes of agricultural production, such as long cycles and regionality, as well as the inherent weaknesses in circulation and consumption, agriculture is very vulnerable to uncertain shocks (Lu and Zhu, 2011; Atzberger, 2013; Han and Yang, 2024). How to enhance agriculture’s ability to resist and adapt to shocks and improve the agricultural economic resilience has become a practical problem that needs to be solved in the process of achieving sustainable agricultural development (Bennett et al., 2014; Meuwissen et al., 2019; Hertel et al., 2021). For this reason, exploring the driving mechanism and policy optimization path for strengthening the resilience of the agricultural economy is undoubtedly of great practical significance.

Agricultural production agglomeration, a crucial driver of agricultural modernization, impacts the agricultural system through factor resource reallocation and numerous spillover effects. This agglomeration is anticipated to serve as a novel institutional arrangement to bolster agricultural economic resilience (Yao et al., 2024). Due to differences in resource endowments and natural conditions, as well as effective government guidance and support, various regions have formed advantageous agricultural product production agglomeration areas, such as the vegetable agglomeration area in Shouguang, Shandong, and the cotton agglomeration area in Xinjiang, which are considered by many scholars to be effective choices for promoting agricultural modernization (Doronina et al., 2016; Han and Yang, 2023). The report of the 20th National Congress of the Communist Party of China clearly pointed out that it is necessary to develop various forms of moderate-scale agricultural operations. As an important part of agricultural scale and intensive management, agricultural production agglomeration has become an important path to solve a series of problems facing China’s agriculture (Du et al., 2017).

Based on this, unlike previous literature that focuses on the impact of the digital platform (Singh et al., 2023), CAP direct payments (Žičkienė et al., 2022) on agricultural economic resilience, this paper focuses on the role of agricultural production agglomeration in strengthening agricultural economic resilience, including spatial spillover effects and threshold effects. As agricultural production agglomeration itself has the characteristics of spatial correlation and dynamic change, few studies have deeply examined the spatial spillover mechanism of agricultural production agglomeration on agricultural economic resilience. Therefore, this paper uses a spatial econometric model to test its spatial effect. In addition, the effect of agglomeration externalities is limited by the level of local technological innovation. When the technological innovation capability meets certain threshold conditions, a greater agglomeration effect can be generated. Therefore, this paper uses threshold regression to determine the threshold conditions for exerting agglomeration effects. Accordingly, this paper attempts to answer the following questions: Can agricultural production agglomeration enhance agricultural economic resilience, and what is the effect? How can the impact of agricultural production agglomeration be more conducive to improving the agricultural economic resilience? In particular, does its impact have a spatial spillover effect? The answers to these questions are of great practical significance for giving full play to the role of agricultural production agglomeration and strengthening the resilience of the agricultural economy, in order to provide theoretical support and decision-making reference for improving the agricultural economic resilience with agricultural production agglomeration as the carrier.



2 Literature review

The concept of “resilience” originated from the field of physics, and later Holling (1973) introduced it into the field of ecology. With the continuous deepening of research, the concept of resilience has gradually been introduced into the discipline of agricultural economics, and the concept of “agricultural economic resilience” has been derived. At present, research on economic resilience mainly focuses on regional economic resilience, while research on agricultural economic resilience is relatively less and more concentrated in time. At first, scholars mainly carried out theoretical analysis from the forging path of agricultural system resilience (Tittonell, 2020; van der Lee et al., 2022), and then measured the resilience of the agricultural economy and conducted empirical analysis. The methods used included the counterfactual index method (Ming et al., 2024) and the indicator system method (Volkov et al., 2021). In recent years, the indicator system method has become mainstream, and the measurement dimensions have become increasingly clear, mainly including three dimensions: resistance, recovery, and reformation. Among them, resistance refers to the ability to reduce the impact when encountering a disaster, recovery refers to the ability to restore to the original state after encountering a disaster, and reformation refers to the ability to change and adjust oneself after encountering a disaster. In terms of research content, some literature has measured agricultural economic resilience or food production resilience and analyzed its spatiotemporal differentiation characteristics (Berry et al., 2022; Ye et al., 2022; Jiang et al., 2023). In the research on influencing factors, the focus is mainly on digital inclusive finance (Zhao et al., 2023), digital platform (Singh et al., 2023), agricultural insurance (Kramer et al., 2019), etc. The studies have shown that these factors have a positive role in improving agricultural resilience.

As an important means to improve agricultural production efficiency, will agricultural production agglomeration affect agricultural economic resilience? At present, there is a lack of targeted research on this issue in the academic community. Existing literatures have underscored the importance of agglomeration effects on economic resilience in manufacturing and financial industries. Hill et al. (2012) found that the impact of agglomeration of durable goods manufacturing in the United States on economic resilience in different periods of economic development was heterogeneous. Martin et al. (2017) took enterprises as the research object and found that enterprises in agglomeration areas have better resilience, and their survival rate and growth rate in crises are higher. Li (2023) examined the driving effect of financial agglomeration on urban economic resilience in multiple dimensions.

Recent studies on agricultural production agglomeration mainly focus on areas such as high-quality agricultural development (Zhao and Zhao, 2020) and environmental efficiency (Yan et al., 2022). The research on the improvement of economic resilience by agglomeration of different industries in the existing literature can provide a reference for studying the impact of agricultural production agglomeration on agricultural economic resilience.

In summary, in terms of research content, existing research mainly focuses on the economic effects of industrial and financial agglomeration, but has not yet focused on agricultural production, ignoring the role of agricultural production agglomeration in strengthening agricultural resilience, which provides room for expansion for this article’s research. In terms of research methods, the traditional linear econometric model has limited fitting ability for nonlinear relationships, and its spatial homogeneity assumption will lead to biased estimation results, making it difficult to explain the complex relationship between agricultural production agglomeration and agricultural economic resilience. Therefore, this paper establishes a spatial econometric model to examine the spatial impact of agricultural production agglomeration on agricultural economic resilience, correcting the estimation bias caused by ignoring spatial spillover effects; and constructs a threshold model to reveal the nonlinear impact characteristics of agricultural production agglomeration on agricultural economic resilience, enriching existing research results.



3 Theoretical analysis and research hypothesis

According to the theory of agglomeration economies, agglomeration can generate externalities and economies of scale (Marshall, 1890), promoting changes in traditional agricultural production methods and management systems, and thus affecting agricultural economic resilience. Specifically, the impact mechanism of agricultural production agglomeration on agricultural economic resilience is: (1) Scale economy effect. Agricultural production agglomeration absorbs factors such as land, labor, and capital and produces large-scale production effects. This can not only improve the utilization efficiency of agricultural production materials and reduce agricultural production costs (Deng et al., 2020), but also stimulate the supply of production service outsourcing, promote the deepening of vertical division of labor in agricultural production, and improve agricultural production efficiency (Li et al., 2019). In addition, agricultural production agglomeration can also effectively alleviate farmers’ market transaction difficulties and reduce the difficulty of information search and transaction costs (Pamphile, 2012), further strengthening the resilience of the agricultural economy. (2) Knowledge spillover effect. Agricultural production agglomeration attracts similar production technologies and helps to exert the knowledge spillover effect (Verspagen and Schoenmakers, 2004). The geographical proximity and transparency of agricultural production make in-depth communication between farmers possible. On the basis of promoting the rapid dissemination of agricultural information and production technology, it also reduces the farmers’ information search costs and technology promotion costs. At the same time, the diffusion and application of advanced production technologies promote the development of agricultural production in the direction of automation and intensification, further improve agricultural production efficiency and optimize the quality of agricultural products, and enhance the resilience of the agricultural economy. In short, agricultural production agglomeration mainly promotes the improvement of the level of agricultural economic resilience through economies of scale and knowledge spillover effects. Based on this, the following research hypothesis is proposed:


H1: Agricultural production agglomeration can enhance the agricultural economic resilience.
 

Agricultural production agglomeration can not only directly affect the agricultural economic resilience, but also indirectly affect the agricultural economic resilience through agricultural social service. On the one hand, from the perspective of technological demand, with the improvement of agglomeration, the profit motive gradually replaces the livelihood motive, and farmers are eager to obtain the division of labor economy by improving production efficiency (Jabbour, 2015), which leads to an increase in the demand for effective technology (Cai and Cai, 2014). The increased technological demand needs to be met through market division of labor in the production process, thus giving rise to agricultural social service organizations (Li et al., 2019). On the other hand, from the perspective of transaction costs, when the level of agricultural production agglomeration is low, the dispersion of farmers means that there are high organizational costs for the alliance. On the contrary, as the level of agglomeration increases, the concentration of farmers makes reductions to the cost of organization and significantly improves organizational efficiency, which is conducive to the construction of agricultural social service organizations. Agricultural social service will provide farmers with production materials, technical support, market information and other services by replacing the original factor inputs, enabling farmers to enjoy economies of scale brought about by division of labor, cooperation and externalities, which results in the improvement of the agricultural production efficiency and the agricultural economic resilience. Therefore, the following research hypothesis is proposed:


H2: Agricultural production agglomeration can indirectly improve the level of agricultural economic resilience by promoting agricultural social service.
 

Agglomeration often presents obvious spatial externality characteristics (Zhang et al., 2022). On the one hand, the positive effects of agricultural production agglomeration on regional agricultural economic development, technological progress, etc. can play a leading and exemplary role in neighboring regions. In addition, agricultural production agglomeration can promote inter-regional division of labor and cooperation, promote the optimal allocation of agricultural production factors in a larger area, and enhance the role of production agglomeration in promoting the agricultural economic resilience of neighboring regions. On the other hand, in the process of agricultural production agglomeration, with the flow of capital, technology and other resource factors to the core area, obvious siphon effects and polarization effects appear, leading to uneven agricultural economic development among regions, thus forming a negative impact on the agricultural economic resilience of neighboring areas. Therefore, the impact of agricultural production agglomeration on the agricultural economic resilience of neighboring regions depends on the positive and negative externality effects of production agglomeration. If the positive externality is greater than the negative externality, it is a positive impact, otherwise it is a negative impact. Therefore, the following research hypothesis is proposed:


H3: Agricultural production agglomeration has a spatial spillover effect on agricultural economic resilience.
 

In theory, agricultural production agglomeration can improve the level of agricultural economic resilience due to economies of scale and knowledge spillovers, but in reality, there are large differences in the ability of agricultural production agglomeration regions to cope with uncertainty risks. The possible reason lies in the level of local agricultural technology innovation. Agricultural technology innovation breaks the limitations of resource scarcity and backward traditional technology, greatly improving factor utilization efficiency and agricultural production efficiency, thereby promoting agricultural economic growth and alleviating the vulnerability of agricultural production when facing uncertain shocks (Li et al., 2021; He and Yang, 2021). Accelerating the improvement of agricultural technology innovation level and leading the high-quality development of agriculture can make full use of the positive externalities generated by agricultural production agglomeration, promote the diffusion and application of advanced agricultural production technology and the exchange and dissemination of tacit knowledge among farmers, promote the improvement of agricultural production efficiency, and thus strengthen the resilience of the agricultural economy. If agricultural technology innovation is insufficient and agricultural production technology is relatively backward, the agglomeration effect of agricultural production agglomeration on agricultural economic resilience will be greatly limited. At the same time, agricultural production agglomeration can expand farmers’ effective demand for agricultural technology innovation results, generate feedback on agricultural technology innovation, and form a virtuous circle. Therefore, agricultural technology innovation can strengthen the positive externalities of agricultural production agglomeration and enhance agricultural economic resilience. Based on the above analysis, the following research hypotheses are proposed:


H4: Agricultural technological innovation has a threshold effect in the relationship between agricultural production agglomeration and agricultural economic resilience. The higher the level of technological innovation, the greater the strengthening effect of agricultural production agglomeration on agricultural economic resilience.
 



4 Model setting and index selection


4.1 Model setting


4.1.1 Spatial metrology model

The Spatial Durbin model (SDM) is used to explore the spatial spillover effect of agricultural production agglomeration on agricultural economic resilience. The model is set as Equation 1:

[image: image]

Among them, [image: image] represents the spatial autoregression coefficient, [image: image] represents the spatial weight matrix, [image: image] and [image: image] represent the spatial spillover coefficient of agricultural production agglomeration and other control variables. We construct a geographic distance weight matrix for model estimation.



4.1.2 Threshold effect model

Agricultural technological innovation is an important factor affecting agricultural economic resilience. With the enhancement of agricultural technological innovation effect, the impact of agricultural production agglomeration on agricultural economic resilience may have a nonlinear growth effect. Therefore, we construct the following model based on the nonlinear panel threshold model proposed by Hansen (1999) (see Equation 2):
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Among them, the threshold variable [image: image] is agricultural technological innovation, which is measured by the number of authorized agricultural effective invention patents. The [image: image] is a specific threshold value, and [image: image] is an indicator function. [image: image], [image: image] and [image: image]represent the threshold effect, which is the estimated coefficient of the impact of agricultural production agglomeration on agricultural economic resilience when the threshold variable is less than or greater than the threshold value.




4.2 Variables setting


4.2.1 Dependent variable

The explained variable in this paper is agricultural economic resilience (Res). Considering the limitations of single index method and economic model in measuring scope, this paper adopts comprehensive index system method to measure agricultural economic resilience.In the setting of guideline layers, Jiang et al. (2024) and Chen et al. (2024) constructs a comprehensive evaluation index system for agricultural economic resilience and agricultural resilience based on the three dimensions of resistance, recovery and regeneration. In terms of the selection of target layers, Chen et al. (2024) measures recovery from the perspective of infrastructure, policy and financial support, and measures regeneration from the perspective of agricultural human capital and investment in agricultural fixed asset, while Berry et al. (2022) defines agricultural economic resilience from the perspective of financial stability, economic performance, income and crop diversification. Therefore, referring to the practices of Berry et al. (2022), Chen et al. (2024), and Jiang et al. (2024), this paper systematically constructs an agricultural economic resilience evaluation index system from three dimensions of resistance, recovery and reformation, and selects six target layers from economic foundation, financial support, sustainability, restoration, human capital, and infrastructure (see Table 1).



TABLE 1 Agricultural economic resilience evaluation system.
[image: Table1]

Specifically, (1) resistance refers to the ability of the economic system to maintain normal operation of its internal functions after being subjected to external shocks, that is, the ability of the agricultural system to resist uncertain shocks, which is the basis for subsequent dynamic adaptation, adjustment and reorganization of development paths. Resistance is mainly measured from two dimensions: economic foundation and financial support. (2) Recovery refers to the ability to return to a stable equilibrium state while maintaining normal internal functions, that is, the ability of the agricultural system to dynamically adapt to resource and environmental constraints. Recovery is mainly measured from two aspects: sustainability and restoration. (3) Reformation refers to the ability to build a new development model through scientific and technological innovation, that is, the ability of the agricultural system to reorganize the development path to achieve a change in production methods. Reformation is mainly measured from two aspects: human capital and infrastructure. The entropy method is used to assign weights to each indicator to obtain the agricultural economic resilience index.



4.2.2 Independent variable

Current methods for measuring the level of agricultural production agglomeration include industry concentration, Herfindahl index, location entropy, spatial Gini coefficient, etc. In comparison, the location entropy index is widely used because it can better eliminate factors such as regional scale differences. Therefore, this paper uses location entropy to measure the degree of agricultural production agglomeration (Agg), and its expression is shown in Equation 3:

[image: image]

Among them, [image: image] and [image: image] represent the regional grain crop sowing area and agricultural crop sowing area, respectively. [image: image] and [image: image] represent the national grain crop sowing area and agricultural crop sowing area, respectively.



4.2.3 Threshold variable

This study employs agriculture technology innovation as the threshold variable, specifically gauged by the number of authorized valid agricultural invention patents.



4.2.4 Control variables

The following variables are selected as control variables in this paper: (1) Effective Irrigation Rate (Water): Measured by the proportion of effective irrigation area to cultivated land area. (2) Fiscal Support (Policy): Represented by local agricultural, forestry and water affairs expenditure. (3) Green Production (Green): Represented by the application of regional agricultural fertilizers. (4) Industrial Structure (Struc): Measured by the proportion of the sum of the added value of the secondary and tertiary industries to GDP. A detailed overview of the related variables and their descriptions is presented in Table 2.



TABLE 2 Variable selection and definition.
[image: Table2]





5 Analysis of empirical results


5.1 Spatiotemporal evolution characteristics of agricultural production agglomeration and agricultural economic resilience


5.1.1 Spatiotemporal evolution characteristics of agricultural production agglomeration

Considering the approach of Zhao and Zhang (2022) and based on the heterogeneity of the Hu Huanyong Line regional segmentation, the 31 provinces are divided into three regions: the northwest region, the southeast region, and the central region (provinces not represented by the northwest and southeast regions). The location entropy index of agricultural production agglomeration was calculated using Excel, and the estimated values for the country and three regions from 2007 to 2022 were obtained. The results are shown in Figure 1. It can be seen that the level of agricultural production agglomeration in the central region is the highest, and the northwest region was higher than the southeast region before 2016, and lower than the southeast region after 2016, but both of them are lower than the national average. Compared with the northwest region, the central region has a flatter terrain, with advantages in natural conditions and geographical location, which creates good conditions for large-scale agricultural operations and a high level of agricultural agglomeration. The reason why the level of agricultural production agglomeration in the southeast region is low is that the economic development in the southeast region is relatively high, which will occupy arable land resources while expanding urban area, and surrounding cities may choose to plant cash crops with higher economic benefits or choose to work outside and withdraw from agricultural production.

[image: Figure 1]

FIGURE 1
 Spatiotemporal trends of agricultural production agglomeration from 2007 to 2022.


In addition, the overall level of agricultural production agglomeration in the country and in various regions shows a trend of first rising and then falling, showing a decreasing trend overall. The possible reason is that after 2014, in response to the contradiction between supply and demand of grain varieties, local governments took the initiative to optimize the agricultural production structure and regional layout, appropriately reduced the amount of land devoted to growing corn in non-advantageous areas, and adopted strategies such as replacing corn with soybeans cultivation, replacing grain crop with feed crop or oil crop cultivation to adjust the agricultural planting structure.



5.1.2 Spatiotemporal evolution characteristics of agricultural economic resilience

Based on the measurement result and quantile classification method, agricultural economic resilience is divided into four levels: low resilience level, slightly low resilience level, slightly high resilience level and high resilience level to show its spatial evolution pattern. We also characterized the dynamic evolution trend of agricultural economic resilience, which is portrayed with the kernel density estimation method.


5.1.2.1 Temporal characteristics of agricultural economic resilience

The projection of the kernel density curve of agricultural economic resilience from 2007 to 2022 on the horizontal axis continues to extend to the right, indicating that the overall level of agricultural economic resilience across the country continues to rise (see Figure 2). Specifically: (1) From the perspective of the center of gravity and change range of the curve, the center of gravity and change range of the curve continue to move to the right, indicating that the level of national agricultural economic resilience tends to increase significantly. (2) From the perspective of the height and width of the main peak of the curve, the height of the main peak continues to decrease. The width continues to expand, indicating that regional differences in agricultural economic resilience tend to expand. (3) From the left and right tails of the curve, the left tail of the curve is significantly shortened and the right tail is significantly extended, indicating that the low-value areas of agricultural economic resilience have obvious catching-up potential trend, and the growth rate of high-value areas has also accelerated significantly. In general, although the national agricultural economic resilience level has been significantly improved with the rapid economic and social development in recent years, there are obvious heterogeneity of factors such as the intensity of financial support and economic development levels affect the agricultural economic resilience level and growth rate in different regions, which making it difficult for areas with low agricultural economic resilience to quickly catch up with areas with high resilience in the short term. The gap between the low resilience and high resilience areas continues to widen for a certain period of time.

[image: Figure 2]

FIGURE 2
 Temporal evolution characteristics of agricultural economic resilience from 2007 to 2022.




5.1.2.2 Spatial characteristics of agricultural economic resilience

From 2007 to 2022, the level of agricultural economic resilience in China has increased year by year, and it presents a spatial development pattern of “high in the east and low in the west” (see Figure 3). Specifically: (1) In 2007, the agricultural economic resilience in most areas was at a low level of resilience, and only Jiangsu Province was at a high level of resilience. (2) From 2007 to 2012, the number of areas with slightly high level of agricultural economic resilience increased to 3, all distributed in the eastern coastal areas, and Jiangsu Province jumped to a high level of resilience. (3) From 2012 to 2017, the agricultural economic resilience of Heilongjiang Province, Sichuan Province, Henan Province and Hebei Province jumped to a slightly high level of resilience, and the number of areas with slightly high level increased to 7. Jiangsu Province is still the only high level area. (4) From 2017 to 2022, the number of regions with slightly high level of agricultural economic resilience expanded significantly in the east and central regions of China, and the proportion increased to 32%. At the same time, the number of high level areas increased to 8. (5) In 2022, the agricultural economic resilience of most areas in China was at a slightly high level of resilience or above. In general, the resilience of China’s agricultural economy continues to improve, and the areas of high resilience are gradually expanding from the eastern coastal region to the central and northeastern regions, presenting an increasingly balanced spatial evolution pattern as a whole.

[image: Figure 3]

FIGURE 3
 Spatial evolution pattern of agricultural economic resilience from 2007 to 2022.






5.2 Spatial spillover effects of agricultural production agglomeration on agricultural economic resilience

Before discussing the spatial effects of each variable, it is necessary to test whether there is spatial correlation. Therefore, the Moran’s I index was calculated (Modica et al., 2024) and the relevant results are shown in Table 3. It can be seen that the Moran’s I index of agricultural economic resilience and agricultural production agglomeration from 2007 to 2022 are positive, and both have passed the significance test, indicating that there are obvious spatial positive correlation characteristics in both provincial agricultural economic resilience and agricultural production agglomeration in China. Notably, compared with other years, the Moran’s I index of agricultural economic resilience shows stronger significance in 2010–2021, which means agricultural economic resilience has a more obvious spatial correlation during these years.



TABLE 3 Moran’s I index of agricultural economic resilience and agricultural production agglomeration from 2007 to 2022.
[image: Table3]

In order to test the robustness of the spatial correlation results and determine the specific form of the model, we conducted LM test, LR test, Wald test, Hausman test and joint significance test in sequence. The results are shown in Table 4. It can be seen that LM and Robust - LM both pass the significance test, and both LR and Wald tests reject the null hypothesis that the model degenerated into SAR and SEM at the 1% significance level, so SDM for the best choice. In addition, the Hausman and joint significance tests are significantly positive, so we choose the double fixed effects spatial Durbin model to test the direct effects and spillover effects.



TABLE 4 Spatial econometric model tests.
[image: Table4]

Lesage and Pace (2009) pointed out that when the spatial lag coefficient of the explained variable is significantly non-zero, the regression coefficient obtained by using the SDM model to measure the spillover effect will have a systematic bias. In order to measure the spatial spillover effect of agricultural production agglomeration on agricultural economic resilience objectively, we use the partial differential method to decompose the explained spatial spillover effect of explanatory variables into direct effects, indirect effects and total effects. The results are shown in Table 5. It can be seen that whether it is a two-way fixed effect or a spatial direct effect, agricultural production agglomeration has a positive impact on agricultural economic resilience and has passed the significance test. In addition, the spatial autoregressive coefficient of agricultural economic resilience [image: image] is significantly positive under the weight of the geographical matrix, indicating that the agricultural economic resilience of provinces with geographically adjacent locations exhibits “spatial strategic complementarity,” that is, an increase in the level of agricultural economic resilience in a certain place will promote the enhancement of agricultural economic resilience in its neighboring areas.



TABLE 5 Two-way fixed effect and spatial Durbin model regression results.
[image: Table5]

From the perspective of the spatial direct effect, the estimated coefficient of agricultural production agglomeration is 0.119 and passed the 1% significance level test, indicating that agricultural production agglomeration has a significant positive effect on agricultural economic resilience. The hypothesis 1 is established. As the level of agricultural production agglomeration continues to improve, the degree of specialization of agricultural production has increased, and the sharing of production technology has generated positive externalities of agglomeration, which effectively improves resource utilization efficiency and reduces agricultural production costs, promotes agricultural production efficiency, and thereby strengthens agricultural economic resilience. From the perspective of the spatial spillover effect of agricultural production agglomeration on agricultural economic resilience, the estimated coefficient of agricultural production agglomeration is significantly positive at the 5% level, with an estimated value of 0.373, indicating that agricultural production agglomeration has significant room for agricultural economic resilience. The spillover effect is greater than the siphon effect, and the hypothesis 3 is established. Agricultural agglomeration in neighboring areas can not only promote the supply of agricultural production factors, attract advanced production technology, pre- and post-production and other related industries to gather in the area, forming an industrial development center, but also enable the sharing of equipment and facilities, thereby promoting the development of local agricultural economy.



5.3 Robustness and endogeneity

Robustness testing is conducted by replacing the core explanatory variable and weight matrix. Considering that there is an obvious positive correlation between grain yield and grain sown area, and referring to the research of Zhao and Zhou (2020), grain crop yield is selected as an alternative indicator of sown area to calculate the location entropy index to measure the level of agricultural production agglomeration in each region. The estimation results are shown in column (1) of Table 6. Regarding the replacement of the weight matrix, the adjacency matrix (WL), economic distance matrix (WE) and economic geography nested matrix (WQ) are selected to replace the original matrix and the model is re-estimated. The results are shown in columns (2)–(4) of Table 6. It can be seen that the coefficient signs and significance levels of the decomposition effect and the total effect under different variable measurement methods and weight matrices are basically consistent with the benchmark regression.



TABLE 6 Robustness test results.
[image: Table6]

In order to alleviate possible endogeneity, the lagged variable of the endogenous variable agricultural production agglomeration ([image: image]) is selected as an instrumental variable, and the 2 SLS method is used for estimation. The results are shown in Table 7. In the first-stage regression results, the RKF test and the unidentifiable test show that the null hypothesis of “insufficient identification of instrumental variables” is rejected when there is no problem of weak instrumental variables, that is, the instrumental variables selected in this study is relatively reasonable. In the second-stage regression results, the impact coefficient of agricultural production agglomeration on agricultural economic resilience is 0.143, which is still statistically significant. Therefore, when the instrumental variable method is effective, the above regression results still hold.



TABLE 7 2SLS estimation results.
[image: Table7]



5.4 Mechanism identification and regional difference


5.4.1 Mechanism test

In order to further analyze the mechanism of agricultural production agglomeration on agricultural economic resilience, this paper takes agricultural social service as the mediating variable and uses the stepwise regression method to test its transmission mechanism. The development level of regional agricultural social service is represented by the logarithmic value of output of specialized and auxiliary activities in agriculture, forestry, animal husbandry and fishery in each province, and the regression results are shown in Table 8. Column (2) shows that agricultural production agglomeration has a significant positive impact on agricultural socialization service, indicating that agricultural production agglomeration can promote the development of agricultural socialization service. After including the intermediary variable of agricultural socialization service, column (3) shows that the coefficient of agricultural production agglomeration on agricultural economic resilience drops to 0.097, and is still significant at the 1% level. Therefore, the results show that agricultural social service have a partial mediating effect between agricultural production agglomeration and agricultural economic resilience. The hypothesis 2 is established. Agricultural production agglomeration optimizes resource allocation and improves production efficiency by building a large-scale, specialized and organized agricultural social service system, thereby realizing the agricultural economic resilience effect brought about by external economy of scale.



TABLE 8 Results of mechanism test.
[image: Table8]



5.4.2 Heterogeneity analysis based on geographical location

Considering the approach of Zhao and Zhang (2022) and based on the heterogeneity of the Hu Huanyong Line regional segmentation, the 31 provinces are divided into three regions: the northwest region, the southeast region, and the central region (provinces not represented by the northwest and southeast regions). The regression results are shown in Table 9.



TABLE 9 Results of group regression based on geographical location.
[image: Table9]

It can be seen that the impact of agricultural production agglomeration on agricultural economic resilience varies greatly in the three regions. Specifically, the direct effect and indirect effect of the central region are significantly positive. The reason is that the middle region is an important grain production base in China and has historical and natural advantages in developing agricultural clusters. Therefore, the agricultural agglomeration effect and its spillover effect is more obvious. The agglomeration of agricultural production in the northwest region has a significant negative impact on the agricultural economic resilience of adjacent areas, and has no obvious effect on the area itself. The possible reason is that the northwest region has a poor geographical environment and relatively backward economic development conditions, which restricts the supporting and improvement of agricultural infrastructure, resulting in a greater competitive effect than cooperative effect with neighboring areas, making it impossible to generate positive spillover effects on neighboring areas, and there may even be a siphon effect. The agricultural production agglomeration in the southeast region has a significant positive impact on the agricultural economic resilience of adjacent areas, but its effect on the local agricultural economic resilience is not significant. The possible reason is that the southeast region has a high level of economic development and relatively complete agricultural infrastructure construction, while the room for growth in agricultural production agglomeration is relatively limited. At this time, the effect of agricultural production agglomeration in promoting regional agricultural economic resilience is relatively weak.




5.5 Threshold effect of agricultural production agglomeration on agricultural economic resilience

Through the above analysis, it can be concluded that agricultural production agglomeration helps to improve the level of agricultural economic resilience. However, whether this promotion effect has nonlinear characteristics needs further research. This study uses agricultural technological innovation as a threshold variable to measure the nonlinear impact of agricultural production agglomeration on agricultural economic resilience. Before estimating the threshold model, a panel threshold existence test was conducted based on the method of Hansen (1999). After 300 repeated samplings using the “bootstrap method”, the results are shown in Table 10. It can be seen that in the impact of agricultural production agglomeration on agricultural economic resilience, there is a double threshold effect with agricultural technological innovation as a threshold variable, and the threshold values are 4.771 and 6.172, respectively, (see Table 10).



TABLE 10 Threshold effect Test results.
[image: Table10]

The regression results of the double threshold model are shown in Table 11. It can be seen that at different stages of agricultural technology innovation, the impact of agricultural production agglomeration on agricultural economic resilience has obvious nonlinear characteristics. When [image: image], the coefficient of agricultural production agglomeration is 0.096, and pass the 5% significance test. When [image: image], the coefficient of agricultural production agglomeration is 0.121, and passe the 1% significance test. When [image: image], the coefficient of agricultural production agglomeration increases to 0.161, and it also pass the 1% significance test. It indicating that as the level of agricultural technological innovation increases, the incentive effect of agricultural production agglomeration on agricultural economic resilience has a marginal increasing trend. It shows that agricultural production agglomeration in areas with higher levels of agricultural technological innovation has a greater effect on improving agricultural economic resilience, and Hypothesis 4 has been verified. When the level of agricultural technological innovation is low, it is difficult to fully exert the positive externality effects of agricultural production agglomeration due to resource and environmental constraints. When the level of agricultural technological innovation is high, factor utilization efficiency and agricultural production efficiency are greatly improved by breaking the constraints of resource scarcity and backward traditional technology, thereby amplifying the strengthening effect of agricultural production agglomeration on agricultural economic resilience.



TABLE 11 Double threshold regression results.
[image: Table11]




6 Conclusions and policy implications


6.1 Conclusion

This study uses panel data from 31 provinces (cities) in China from 2007 to 2022, and on the basis of explaining the influencing mechanism of agricultural production agglomeration on agricultural economic resilience, analyzes the spatiotemporal evolution characteristics of agricultural economic resilience, and examines the agricultural production agglomeration Spatial spillover effects and threshold characteristics on agricultural economic resilience. The results found that: (1) The overall level of China’s agricultural economic resilience is constantly rising, and presents a spatial development pattern of “high in the east and low in the west.” The overall level of agricultural production agglomeration in China has shown a trend of first rising and then falling, among which the level of agricultural production agglomeration in the central region is significantly higher than that in the western and eastern regions. (2) Agricultural production agglomeration can not only effectively improve the level of local agricultural economic resilience, but also produce positive spatial spillover effects on the agricultural economic resilience of neighboring areas. For example, under the modern agricultural industrial cluster development model of Shouguang city, Shandong province, its vegetable production has formed a large-scale industrial cluster and built a standardized vegetable industry chain, which not only greatly promoted the regional agricultural economic growth, but also effectively improved the level of agricultural economic resilience. (3) Mechanism analysis shows that agricultural production agglomeration can improve the level of agricultural economic resilience by promoting agricultural social services. (4) Heterogeneity analysis shows that agricultural production agglomeration in the middle zone has a significant positive impact on local agricultural economic resilience, while the effects of the northwest and southeast areas are not significant; agricultural production agglomeration in the middle zone and southeastern area has a significant positive impact on the agricultural economic resilience of adjacent areas, while the northwest area has a significant negative impact. (5) The influence of agricultural production agglomeration on agricultural economic resilience has significant nonlinear characteristics, and its impact shows an increasing trend in marginal effects as the level of agricultural technological innovation increases. Specifically, although agricultural production agglomeration shows a positive effect on agricultural economic resilience when the level of agricultural technological innovation is lower or higher than the threshold value, it is obvious that when the level of agricultural technological innovation is higher than the threshold value, the positive nonlinear effect of agricultural production agglomeration on agricultural economic resilience will be enhanced.



6.2 Policy implications

Drawing from the conclusions, several policy recommendations emerge. Firstly, there is a need to improve the level of agricultural production agglomeration and strengthen the resilience-enhancing effect. Research shows that agricultural production agglomeration has a significant impact on agricultural economic resilience. Promote large-scale and intensive agricultural operations, improve the efficiency of land resource allocation, and achieve a significant increase in agricultural production efficiency. At the same time, we need to build a multi-industry cooperation platform and improve the construction of agricultural production agglomeration areas to expand the scale of agricultural production agglomeration and improve the quality of agglomeration. Promote the improvement of agricultural economic resilience.

Secondly, strengthen inter-regional exchanges and cooperation to promote the coordinated improvement of agricultural economic resilience. Research shows that agricultural production agglomeration has significant spatial spillover effects, that is, agricultural economic resilience will be affected by local and foreign agricultural production agglomeration. Promote exchanges and cooperation in the upstream and downstream regions of the agricultural industry chain, build an inter-regional collaboration platform for related industries, strengthen information exchange and sharing, give full play to the positive external effects of agricultural production agglomeration, resist potential agricultural risks, and enhance the overall agricultural economic resilience.

Thirdly, improve the level of agricultural technological innovation and give full play to the effect of agricultural agglomeration. Research shows that with the improvement of agricultural technological innovation level, the incentive effect of agricultural production agglomeration on agricultural economic resilience has a marginal increasing trend. Therefore, we should further increase support for technological innovation, strengthen the introduction of agricultural innovation technologies, and increase the enthusiasm of local governments to develop agricultural production agglomeration. On the one hand, we should increase R&D investment, attract and cultivate high-level agricultural science and technology talents, and strengthen cutting-edge technological innovation. On the other hand, we should formulate preferential policies for agricultural production agglomeration, scientifically adjust the layout of agricultural industries, optimize the allocation of agricultural resources, and guide agricultural production agglomeration within the carrying capacity of regional resources and the environment.
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