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Abstract

:

Linkages between rural migration and agricultural restructuring have become a key aspect of rapid urbanization in developing countries and a research focus for optimizing rural–urban development and rural reconstruction. Using continuous statistical data from the mountains of Southwest China, we examined the structure, changes and regional differences in agricultural cultivation under urbanization, analyzed the reasons for the restructuring of agricultural cultivation, and revealed the adaptation linkages between the rural–urban transition and agricultural restructuring. The results showed that land-use changes and rural migration caused by urbanization significantly affected the cultivation structure and its change trends: the proportion of food crops decreased, while the proportion of vegetables and orchards increased. However, regional differences in the agricultural cultivation structure were significant in the various township zones. Rural migration weakened agricultural cultivation in the lake basin and nationality townships but enhanced agricultural cultivation in the river valley townships. On the basis of the adaptation linkages of urbanization, rural migration, agricultural intensification, cultivation structure and economic development, chain-type changes and adaptation processes between rural migration and agricultural restructuring were demonstrated. These findings indicate that favorable locations and appropriate policies can promote the integration and restructuring of smallholder agriculture for commercialization and intensification and vice versa.
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1. Introduction


Rural–urban migration under the background of rapid urbanization has led farmers to gradually abandon agricultural cultivation, especially among young rural laborers. In developing countries, the main laborers participating in agricultural cultivation have gradually changed from young males to the elderly and women [1,2]. This impact of rural–urban migration on agricultural cultivation has two aspects: rural migration can change farmer household’s behaviors by labor and capital changes, while urbanization’s demand and supply to the agricultural sector can change the cost-benefit structure of agricultural cultivation by agricultural markets and technical efficiency changes [3]. Therefore, urbanization has become the main driver of rural social and cultivation restructuring. The linkages between rural migration and agricultural cultivation have become a key aspect of rapid urbanization in developing countries, affecting rural surplus labor release, food security, agricultural prices, rural construction, agricultural modernization, rural land use and environmental change, and even the prospects for urbanization [4]. Rural migration has become a key variable in this dynamic framework of rural–urban transitions and agricultural restructuring. Therefore, exploring the linkages between rural migration and agricultural restructuring in the context of urbanization has become a key research topic in developing countries to optimize rural–urban development and promote rural construction [5].



Smallholder agricultural cultivation is the core of the rural economy and the livelihood of farmers in mountainous areas of developing country, whose restructuring process are directly related to the development of the rural economy and the livelihood strategies of farmers [6]. In addition, agricultural restructuring also affects environmental changes, such as rural land use and biodiversity [7]. Rural migration is a dynamic variable of rural–urban transitions and is the driver of dynamic changes in regional urbanization and rural populations. Rural migration influences agricultural restructuring through changes in agricultural labor, and changes in rural populations lead to reconstruction and changes in rural society and culture. Moreover, rural migration remittances are also an important source of capital for agricultural cultivation and an important promoter of the intensification and scale of agriculture. However, there are still arguments regarding the role of migration remittances in promoting agricultural development [8]. In rural–urban transitions and agricultural restructuring, rural migration and agricultural cultivation have become the key drivers of the evolution of this system. Therefore, studying the linkages between rural labor migration and agricultural restructuring has become a breakthrough in the analysis of urban-rural transition evolution over a complex background.




2. Literature Review and Research Design


2.1. Literature Review


Rural–urban transitions triggered by large-scale rural labor migration over the background of urbanization have become the focus of rural research in developing countries. Current research studies have focused on three issues: (ⅰ) the relationships between rural migration and rural land-use change, with a focus on farmland; (ii) the relationships between rural migration and cultivation efficiency and agricultural investment; and (iii) the relationships between rural migration and farmers’ livelihoods.



Urbanization and rural migration have led to changes in rural land use, especially in farmland [7,9]. Studies on the impact of rural population decline on rural landscapes have shown that farmland abandonment has affected rural biodiversity and triggered the succession of ecological landscapes [10]. Labor outmigration has weakened agricultural cultivation and increased the areas and the possibility of farmland abandonment by farmers [3,11,12,13]. The fragmentation of land reduces the marginal productivity of agricultural labor and further promotes the migration of rural labor to the nonagricultural sector [14]. It has been widely argued that rural migration leads to farmland abandonment and the weakening of agricultural cultivation and that it is beneficial for biodiversity conservation [15]. However, an increasing number of microstudies have found that rural migration has complex and diverse impacts on agricultural farming. An empirical analysis in Ecuador showed that the impact of rural migration on land-use changes was negative, namely, the migration of agricultural labor was unlikely to lead to regional forest growth [16]. Evidence from Brazil also suggested that rural migration was not directly related to land-use changes and that migrant remittances increased the areas of pastures and the risk of deforestation [17]. An economic analysis of immigrants in Central America also showed that rural migrants’ remittances supported the expansion of farmland but did not effectively support agricultural intensification [18]. Based on the results of time series studies, rural migration has an inverted N-shaped relationship with farmland cultivation intensity, with increased agricultural investment and reduced agricultural labor. However, excessive rural migration and farmland cultivation are not conducive to rural development, food security and ecological welfare [19,20].



Migrants’ economic investments brought about by rural migration have an impact on agricultural cultivation efficiency and promote the development of agricultural mechanization and chemicalization via labor remittances [21,22]. In a similar vein, migrants bring back advanced agricultural management techniques and sales opportunities to promote agricultural commercialization and marketization [23,24]. Although large-scale labor migration reduces agricultural labor, an econometric analysis showed that rural migration did not impair the cultivation efficiency of food crops, or threaten food security [25], indicating that agricultural investment and intensification can fill the gap left by labor outmigration [13]. Studies in Vietnam have shown that migration economies have changed the cultivation structure of farmers, reduced staple food crops and increased the diversity of crops in rural households [5]. Additionally, remittances increase farmland productivity and the supply of nonagricultural labor [13]. However, the impacts of changes in agricultural labor on food yield differ regionally. At different stages of development and in different geographical environments, the relationships are nonlinear [26]. Similarly, an increase in agricultural input can promote agricultural cultivation efficiency and rural economic development; however, excessive dependence on agricultural inputs and high intensification do not completely alleviate the rural–urban gap and result in hidden environmental dangers [22]. Rural migration can also lead to the feminization of agricultural labor, which in turn has negative impacts on agricultural cultivation efficiency, but the impact is more complicated due to the improvement of mechanization [1].



Rural migration is often considered a vital approach to improve the livelihood of farmers and enhance the robustness of livelihood strategies [11,27,28]. These effects are reflected in the fact that migrants’ economies can significantly increase per capita incomes, increase the proportion of non-agricultural income in household incomes and expand non-agricultural employment [29]. Rural migration decisions may also come from changes in livelihood patterns caused by the natural environment, and these changes in turn affect or even change livelihood strategies [30,31]. The key variable affecting the livelihood of rural households is migrant remittances, which directly increase household incomes and are applied to agricultural investments to increase the scale and efficiency of agricultural cultivation and indirectly further improve the livelihoods of farmers [18]. However, some studies have shown that short-term, immature rural migrants are unlikely to make significant contributions to improving family livelihoods due to a lack of education and financial and social capital deficiencies [32]. Moreover, excessive rural migration damages the growth potential of the rural economy and reduces the expectation of continuous improvements to farmers’ livelihoods [19].




2.2. Research Design


Although the linkages between rural migration and land-use change, agricultural cultivation and farmers’ livelihoods have been studied, they are still insufficiently understood. Empirical analyses in various geographic regions have often led to inconsistent insights. At different stages of development, the role and impacts of rural migration on rural–urban transitions are not consistent and coherent. In terms of data, many research studies have analyzed survey data, and it is impossible to test the robustness of conclusions generated with panel data over long time periods. The linkages between rural–urban transition and rural reconstruction should be determined and developed under the unified rural–urban territory system. Land-use change, cultivation efficiency, cultivation restructuring, farmer livelihood and location differences play roles in rural migration and reconstruction in the context of urbanization. The current analytical framework of rural migration and reconstruction has failed to consider more detailed linkages and has lacked systematic analysis. For example, analyses of the relationships between rural migration and farmland changes have failed to fully consider changes in cultivation structure. In addition, studies on the relationships between rural migration and agricultural cultivation efficiency have failed to consider the influence of location differences. These defects affect the comprehensiveness and representativeness of empirical analytical conclusions.



Rural–urban transitions and rural reconstruction should be studied under the dynamic framework of territorial systems, and the adaptation linkages between rural migration and agricultural cultivation should be multivariate and multipath and not depend on a single impact relationship. Furthermore, studying the rural–urban system as a unified territory functional system, examining the linkages between rural migration and agricultural cultivation from the perspective of regional differences, will help enhance the comprehensiveness and representativeness of conclusions. As the largest developing country in the world, China is experiencing far-reaching urbanization and modernization. Its large rural population, rapid urbanization and significant regional differences have made rural–urban transitions and rural reconstruction in China more complicated and diversified [33]. This analysis of rural migration and agricultural cultivation will provide representative and useful insights for other developing countries. Therefore, this paper uses Xichang, a typical agricultural and urbanization center in the southwestern mountains of China, as a case study to explore the impact relationships between rural labor migration and agricultural restructuring under the background of urbanization. Furthermore, the adaptation linkages of rural–urban transitions and rural reconstruction are examined, and the results provide a scientific reference for more regionalized rural policy and food security (Figure 1).





3. Variables and Modeling


3.1. Case Study Area


Xichang is the capital of the Liangshan Yi Autonomous Prefecture in Sichuan Province and the political, economic, transportation, cultural and tourism center of the Panxi Economic Zone (Figure 2). The area is located in the Anning River valley in southwestern Sichuan Province, between 101°46′–102°25’ E and 27°32′–28°10 N’. The territory area is 2651 km2 and the average elevation is 2160 m. The mountainous area of Xichang accounts for 83.6% of the total territory area, and the river valley plains account for 16.4%. Xichang is located in the subtropical plateau monsoon climate zone; the rain and heat are consistent, and farmland is fertile with the largest cultivation area in southwestern Sichuan. Xichang grows many national food crops and is a major county for hog rearing, and this area is the main area for Chinese onion and winter strawberry. In recent years, Xichang has become an important supply base for vegetables, fruits and food grains in the southwestern region. Based on landforms, Xichang can be divided into three parts: the lake basin, the river valley and the nationality area. The lake basin area is adjacent to the downtown area of Xichang and is the frontier of urbanization development. The river valley area is located in the Anning River valley plain, which runs from north to south. This part is the main population gathering area and agricultural cultivation area of Xichang. The nationality area is located on both sides of the river valley area and is the main gathering area of ethnic minorities (Yi, Hui and Tibet) with rugged terrain and high altitude. In 2016, the resident population of Xichang was 775 thousand, and the urbanization rate reached 57.57%, with an annual growth rate of 1%. Xichang has six urban block zones and 37 townships, including 14 minority townships. Rapid urbanization in Xichang has led to a rapid increase in the proportion of the urban population and a decline in the proportion of agricultural labor, with significant changes in the agricultural cultivation structure, which provides an excellent case for exploring rural labor migration and regional agricultural structure changes.




3.2. Data Sources and Statistics


The indicator data employed in this research were from the Xichang Statistical Yearbook (2006–2016) and included statistics on farmland, sown area, yield, population, income, etc., in townships; the land-use data (1:100,000) (2005, 2010 and 2015), terrain data (digital elevation model, DEM) and administrative division data were from the Resource and Environment Data Cloud Platform (http://www.resdc.cn/). Twenty-two indicators were selected for research design, and descriptive statistical analyses were carried out in three township zones (Table 1). The urbanization rates of the townships were the ratios of the nonrural population to the total population in the townships; the agricultural labor ratio was the ratio of agricultural labor to rural labor; the multiple cropping index was calculated as the sown area to the farmland area; topographic relief was the difference between the highest altitude and the lowest altitude in each township; the farmland area and agricultural labor per household were determined by the ratio of farmland, agricultural labor to the number of rural households; farmland and sown areas per agricultural labor were identified by the farmland, sown areas within the agricultural laborers, respectively; and the remaining indicators were derived directly from the statistical yearbook.



The 37 agricultural townships in Xichang were divided into the lake basin (5), river valley (19) and nationality townships (13). Taking 2016 as an example, descriptive statistics for these three township categories were calculated (Table 1). There were significant differences in urbanization, labor, agricultural development and economic income between the lake basin, river valley and nationality townships. The lake basin townships had the highest urbanization rate, rural population and labor rate; however, the agricultural labor ratio was the lowest, and the multiple cropping index was the highest, indicating that urbanization promoted the migration of rural labor and improved agricultural intensification in the lake basin townships. Although the sown area, yield and agricultural output value of the river valley townships were highest, the per capita net income of farmers was lower than that of the lake basin townships. The lake basin townships had the highest multiple cropping index, but the farmland and sown area per agricultural labor were the lowest. The farmland, agricultural laborers per household and topographic relief were the highest in the nationality townships, but the multiple cropping index, farmland and sown area per agricultural laborers were lower. These findings indicated that agricultural labor was still concentrated on agricultural cultivation, and that there was little outmigration in the nationality townships; furthermore, agricultural intensification was lower in these townships.




3.3. Econometric Model


Because the linkages between rural migration and agricultural cultivation are indirect and occur via multiple paths, this study used structural equation modeling (SEM) to perform a confirmatory path analysis to better examine the impact relationships between the potential role variables. SEM can address causal relationships between multiple reasons and multiple results or variables that are not directly observable, allowing independent variables and dependent variables to contain measurement errors. SEM can also simultaneously estimate factor structure and factor paths, allowing for great flexibility in measuring models. This paper used the path model of SEM [34], and the mathematical expression was as follows:


  𝓎 = ℬ 𝓎 + T 𝓍 + ξ  



(1)




where y represents endogenous variable vectors; x represents exogenous vectors; B is the path coefficient matrix between the endogenous variables; T represents the path coefficient matrix between the exogenous and endogenous variables; and ξ represents the error term of the structural equation, representing the portion of y that is not interpreted by the model.





4. Empirical Results


4.1. Background: Urbanization and Rural Migration


4.1.1. Urbanization of Land


Using Xichang land-use data from 2005, 2010 and 2015, the trends and characteristics of land-use change in the past 10 years are shown (Figure 3). During this period, urban construction land increased significantly, from 16.88 km2 to 32.66 km2, with an annual growth rate of 9.35%. The proportion of urban construction land to the territory area increased from 0.64% to 1.23%, with 8.8 km2 of forests and some grasslands and rural settlements converted into urban areas. At the same time, farmland also increased (18.43%), and neocultivated land was mainly concentrated on the sides of the Anning River valley due to the reclamation of sloped cropland and basic farmland improvement. Comparing yearly changes in farmland (Figure 4a,b), farmland increased rapidly from 2006 to 2010, and the trends became more stable after 2012. The increased farmland was mainly dry land, and paddy fields remained stable. Although the farmland was dominated by paddy fields, the proportion of dry land to farmland increased from 27.33% in 2006 to 35.21% in 2016. By township, the farmland of all townships showed a significant growth trend in 2006–8. After 2008, the farmland areas of the river valley townships remained stable, while the farmland areas of the nationality townships increased slowly year by year. In contrast, the farmland areas in the lake basin townships had fallen sharply. These changes show that urban expansion led to farmland reduction in the lake basin townships, while farmland reclamation in the nationality mountain areas was still active. The type of farmland was also changing. The ratio of paddy fields in all townships decreased, especially in the nationality mountain areas. Since the paddy fields were almost all planted with rice, this change can be understood as the proportion of food crops also decreasing. Overall, the area of urban construction land and farmland increased from 2005–16, while the area of ecological land such as forest and grasslands decreased, indicating that the urbanization of Xichang has obviously changed the land use and farmland structure in the region, and will further affect agricultural cultivation in the region.




4.1.2. Urbanization of the Population


In 2016, the resident population of Xichang was 775 thousand, an increase of 17.25% compared with the population in 2006. The rural population in 2016 was 452.6 thousand, an increase of 9.75% compared with that in 2006. From 2006–16, the urbanization rate of the resident population increased from 47.62% to 57.57%, an increase of 9.95% (Figure 5). From the perspective of change trends, the resident population growth rate was fastest from 2009–11 and 2015–16, but the rural population had a gradual growth rate. Rural labor increased, with a growth rate of 10.24%, which was higher than that of the rural population. However, agricultural labor increased with a gradual growth rate of only 3.5%, which was significantly lower than those of the rural population and labor. The ratio of agricultural labor to rural labor also decreased, from 81.68% in 2006 to 76.67% in 2016, a decrease of 5.01%. Overall, the urban population increased rapidly, with a large number of rural laborers migrating to urban and non-agricultural employment from 2006–16. At the same time, the proportion of agricultural labor continued to decline, indicating that urbanization caused rural laborers to switch from agricultural to non-agricultural employment. However, agriculture remained a major employment option for rural laborers.





4.2. Presentation: Agricultural Cultivation Restructuring


4.2.1. Changes in Agricultural Cultivation


The agricultural cultivation structure was dominated by food crops in Xichang, followed by vegetables, cash crops and orchards (Figure 6). From 2006 to 2016, the planting area of food crops first increased and then decreased, and the proportion of plantings decreased overall. At the same time, the area and proportion of vegetable planting steadily increased, and the proportion of the planted area to the total planted area increased from 9.34% to 13.39%. The planting area and proportion of cash crops fluctuated greatly, being fast in 2007–9 and declining slightly after 2010. From 2006–16, the orchard planting ratio increased by 1.1%. Comparatively, the growth rate of vegetables was the most significant, and the growth rate of economic crops and orchards was small and fluctuated; however, food crops increased slightly, but their proportion decreased significantly.



In 2006–16, the yields of food crops, cash crops, vegetables and orchards showed an increasing trend in Xichang, while the growth trend of vegetables and orchards was the most significant, with a slight increase in food and cash crops. In terms of yield structure, the vegetable yield accounted for the largest proportion, followed by food crops, orchards and cash crops. The yield structure trends for, food crops and vegetables changed significantly. In the past 10 years, the proportion of food crops decreased by 11.13%, while that of vegetables increased by 7.36%. In contrast, orchard yield increased by 3.98% in 10 years, while the yield of cash crops decreased by 0.21%. Although the sown area and crop yields were affected by the growing season, species differences, farming methods, climate, markets, etc., the changes in agricultural cultivation structure indicated that the proportion and importance of food crops decreased, while those of vegetables and orchards increased, especially for vegetables. This finding shows that agricultural cultivation has gradually changed from subsistence agriculture to commercial agriculture in Xichang.




4.2.2. Regional Differences in Agricultural Cultivation


Based on the statistics of the yearly ratio of food crops, cash crops, vegetable sown area and orchard area in the various township zones (Figure 7), the changes to the agricultural cultivation structure significantly varied in the township zones. Specifically, the ratio of food crops decreased in all townships, while the lake basin townships had the largest decline, reaching 14.51%. Food crops accounted for the highest proportion in the river valley townships, and their decline rate was similar to that of the nationality townships. The proportion of cash crops was low, with similar fluctuation trends in all townships. As cash crops are vulnerable to market price fluctuations, their sown ratio was highly volatile. The sown ratio of vegetables was second only to that of food crops, and its yield was higher than that of food crops. The sown ratio of vegetables increased in all townships, and the lake basin townships had the largest increase, reaching 14.77%. In contrast, the river valley and nationality townships showed slight increases of only 4.28% and 2.58%, respectively. The orchard area varied greatly in the township zones. The orchard areas of the lake basin and river valley townships increased, especially the river valley townships, reaching 38.73%, but the nationality township decreased (44.44%). The lake basin townships had the most significant changes in food crops and vegetables, and the river valley townships had significant changes in orchards, indicating that the trends in food crops, vegetables and orchards were affected by structural factors with regular and regional differentiation. In summary, the agricultural cultivation structure showed a decline in food crops and an increase in vegetables and orchards in Xichang from 2006–16.



Figure 8 further compares the differences in crop yield share structures—the proportion of single crop yield (Kg) in total of all the crop yield (Kg)—in different township zones. Overall, the yield shares of food crops and cash crops decreased, the share of orchards increased significantly, and the yield share of vegetables increased slowly. Compared within township zones, the agricultural yield of the river valley townships occupied most of the agricultural yields of Xichang, especially those of food crops and vegetables. It can be seen that the river valley townships are the main agricultural cultivation areas in Xichang. Comparing the crop yield trends in different township zones, the crop yield share structure of the river valley and lake basin townships changed significantly. The yield shares of food crops and cash crops decreased significantly in the river valley townships, while the yield shares of orchards and vegetables increased. The trends in the lake basin townships were also similar to those in the river valley townships, but the changes were not as great. The yield share of food crops in the nationality townships decreased, the yield share of vegetables increased, and the yields of other crops changed little. In short, the change in yield structure is consistent with the crop sown area structure, indicating that Xichang was in the process of agricultural restructuring that affects planting scale and crop yield.




4.2.3. Agricultural Intensification


The multiple cropping indices of the nationality (33.65%) and lake basin (29.22%) townships showed significant downward trends, while those in the river valley townships rose steadily (Figure 9a). The multiple cropping indices, indicating the intensification of regional agricultural cultivation, of all townships were greater than 1, showing that farmland was cultivated with a certain degree of rotation. In terms of change trends, the river valley townships were the nesting zone for agricultural cultivation, with gradual increases in the intensification degree in Xichang, while intensification in the nationality and lake basin townships was significantly reduced. Overall, the number of agricultural laborers per household gradually decreased, while the farmland and sown area per agricultural laborers increased. By township zones, the total number and agricultural laborers per household in the lake basin townships showed the largest reduction, with the highest increments of farmland and sown area per agricultural laborer, followed by the nationality townships (Figure 9). From 2006–16, although the total number of laborers increased slightly, the number of agricultural laborers per rural household in the river valley townships remained stable, indicating that there was no large-scale agricultural labor outmigration. The farmland per agricultural laborer increased significantly, with only a slight increase in the sown area per agricultural laborer in the river valley townships. The sown area per agricultural laborer in the river valley townships was significantly greater than that in the nationality townships. The growth rate in the lake basin townships was the fastest, and the sown area per agricultural laborer in the lake basin townships was greater than that in the river valley and nationality townships by 2016. Although the total number of agricultural laborers of the nationality townships had increased, the agricultural laborers per household decreased slightly, suggesting that there was a small-scale rural labor outmigration.



To a certain extent, the sown area per agricultural laborer represents mechanization and the farming efficiency of agricultural labor, and the multiple cropping index represents the intensity of agricultural farming, and both can be regarded as a representation of agricultural intensification. By comparing the various township zones, the agricultural laborers in the nationality and lake basin townships largely out-migrated, and the intensity of agricultural development was gradually reduced; however, agricultural intensification slightly improved. Agricultural intensification in the river valley townships gradually increased due to stable agricultural farming intensity and labor. Overall, the migration of agricultural laborers affected agricultural intensification and the reclamation intensity to some extent.





4.3. Linkages: Rural Migration and Agricultural Restructuring


4.3.1. Explanation of Changes for Agricultural Cultivation


The determinants of agricultural cultivation structure changes under urbanization were further explored. This paper was based on panel data from 37 townships in Xichang from 2006–16; the sown area of food crops, cash crops, vegetables and orchard area were the dependent variables, and 12 indicators, including township zones, urbanization, labor, and agricultural intensification, were selected as the independent variables. Four multiple linear regression models were constructed to explain changes in crop sown area. Based on the F-test and Hausman test of the time series panel data, the fixed effects regression was used for the food crop, vegetables, and orchard models, and the random effects regression was used for the cash crop model. The results showed that all of the regression models were significant at the 0.05 confidence level (Table 2). The regression model for vegetables had the highest fitting degree (R2 = 0.939), while the regression model for orchards had a relatively low fitting degree. The regression models of food crops, cash crops, vegetables and orchards had ten, seven, ten, and eight independent variables, respectively, which were significant (p < 0.05).



The township location, agricultural labor, agricultural output value, and farmland per household variables had significant effects on the planting areas of food crops, cash crops, vegetables and orchards (p < 0.01), indicating that basic input factors, such as zones, labor and farmland, had key impacts on the agricultural cultivation structure. However, differences in the regression models of different types of crops were also significant. The impacts of urbanization and rural migration on cash crops were weak, while the impacts on food crops and vegetables were significant. The per capita net income of farmers had a significant impact on vegetables, and the regression coefficient of the agricultural output value in the vegetable model was also larger than those in the other three regression models, indicating that the significance of vegetable cultivation scale to regional economic development and farmers’ incomes was greater than the cultivation of other crops, and it stimulated the expansion of vegetables planting scale. Meanwhile, the lag of impacts of agricultural output value on sown area needs to be noted, especially in the process of agricultural restructuring and transformation. Topographic relief was only significant in the regression models of food crops, vegetables and orchards, indicating that cash crops have better topographical adaptability. Agricultural labor per household was only significant for vegetables, and farmland per agricultural laborers and multiple cropping index had no significant effect on vegetables; that is, the labor density of vegetable cultivation was greater than those of other crops. Overall, the basic input factors had significant impacts on the agricultural cultivation structure, but the input densities and sensitivities of different crops varied. However, there were clearly cross-relationships and multiway influences between different variables, and their linkages require further analysis.




4.3.2. Linkages of Rural–Urban Transition and Agricultural Restructuring


To further identify the impact linkages of rural–urban transitions and agricultural restructuring, this paper conducted an exploratory path analysis of rural migration and agricultural cultivation using SEM. Based on the above analysis, six latent variables in the path analysis were proposed: urbanization and rural migration, location, agricultural intensification, agricultural planting structure, agricultural yield and rural economic development. According to the meaning of each latent variable, observation variables (Table 1) were selected to represent the latent variables, to quantitatively express the path effect between the latent variables. Finally, Amos 24.0 was used to construct a linkage framework of rural–urban transition and agricultural restructuring (Figure 10). In the framework, the elliptic variables are the comprehensive latent variables, the rectangular box is the observation variable, and the circle is random error.



In Amos, the maximum likelihood (ML) method was used to estimate the coefficients of the latent variables in the structural equation model. The fitting index (Table 3) of the model was obtained and compared with its corresponding reference value. The results showed that the fit of the tested model was significant. It was possible to express the latent variables with various observed variables, and impact relationship evaluations were performed based on linkages of the latent variables.



As shown in Figure 11 and Table 3, the significance of the hypothetical causal linkages was tested. The direct effect of urbanization and rural migration on agricultural intensification was 0.33, indicating that rural migration was conducive to agricultural intensification and improving agricultural cultivation efficiency. For example, the migration of rural laborers increased the per capita farmland and further improved the multiple cropping index; immigrant remittances were conducive to the mechanization and chemicalization of agriculture. The direct effect of agricultural intensification on the agricultural planting structure was 0.11, and agricultural intensification improvements were beneficial to increase the yields of vegetables and orchards, which also reduced the proportion of food crops (Figure. 6). The path coefficient of location on agricultural intensification was −0.59, indicating that a rough terrain hindered agricultural intensification. Namely, agricultural intensification in the nationality townships was weaker than that in the river valley townships, and agricultural intensification in the townships located distant from the urban center was not as great as that in the townships located close to the urban center. However, the direct effect of location on the agricultural planting structure was 1.14, indicating the importance of basic location and geographical environment to agriculture. The direct effect of agricultural planting structure on the agricultural yield was 0.98, indicating that this effect was direct and decisive. The direct effect of agricultural yield on rural economic development was 0.62, indicating that an increase in agricultural yield could increase the agricultural output value and promote the per capita net income of farmers. Furthermore, rural economic development promoted the migration of rural labor and thus promoted regional urbanization (0.37).



The direct effects between the latent variables verified the complex and significant impact linkages between rural–urban transition and agricultural restructuring. In the linkages, urbanization and rural migration promoted changes in the agricultural planting structure through agricultural intensification improvement. Changes in the agricultural planting structure promote rural economic development through agricultural yield, thereby promoting the development of rural labor migration and urbanization. The circular linkages indicated that the influence of urbanization on regional agriculture was a chain-type linkage. By changing different economic and social elements, the various input factors of agriculture triggered extensive and profound changes in the agricultural cultivation system that further affected the rural economy and, in turn, affected urbanization and labor migration. In the cycle linkages, differences in zones made the change trend in the agricultural planting structure have regional characteristics and differences, indicating that the relationships between urbanization and agriculture were constrained by the geographical environment and resource endowments.






5. Discussion


5.1. Regionality of Linkages between Rural Migration and Agricultural Restructuring


The impact of zone differences on the linkages between rural migration and agricultural restructuring was significant. The lake basin townships were close to the downtown area, and as a result, although a large number of rural laborers out-migrated, the per capita farmland and sown area of the agricultural laborers increased rapidly from 2006–16. This result indicates that agricultural mechanization improved the agricultural cultivation efficiency in the lake basin townships. The influence of rural migration can be divided into two aspects. First, although urban expansion occupies some farmland, rural labor migration results in per capita farmland increases, and therefore, large-scale mechanical farming becomes possible. Second, migration remittances can support agricultural investment to provide capital for mechanization and chemicalization [13]. In this context, the agricultural cultivation structure was also significantly affected by urbanization in the lake basin townships, reflecting the demand for agricultural cultivation and the self-adaptation of commercialization agriculture in the market economy. Although the nationality townships were affected by urbanization, the impact was not as strong as that in the lake basin areas. Although the proportion of food crops grown in nationality townships decreased, the proportion of vegetables and orchards gradually increased. Similarly, the proportion of cash crops increased significantly, but volatility was extremely strong. This finding shows that urbanization and rural migration did not effectively promote the commercialization and marketization of agricultural cultivation in nationality townships but still improved agricultural cultivation efficiency to some extent. The lake basin and nationality townships differed from the river valley townships, although the river valley townships were affected by urbanization and rural migration, the increases in farmland and sown area per agricultural laborer in the river valley townships were small, indicating that rural migration not only failed to affect the agricultural labor supply in the river valley townships, but also expanded the cultivation scale. In terms of the agricultural cultivation structure, orchards in the river valley increased most, and vegetables and food crops also changed, but the changes were not as significant as those in the lake basin townships. This finding shows that rural migration significantly improved the agricultural cultivation efficiency in river valley townships and promoted agricultural restructuring.



Although the lake basin, river valley and nationality townships were all under the unified rural–urban system and had the same urbanization and rural migration challenges, the impacts on agricultural restructuring in these areas were not consistent. Geographical location differences determined the diversity of adaptation processes in the different types of townships in the face of urbanization and rural migration, including rural migration scale, market distance, farmland quality, and topography. Based on the distance between the townships and the downtown area, the cultivation scales of different types of crops changed gradually; vegetables were followed by orchards, food crops and cash crops (Figure 12). Vegetables have short growth cycles with high efficiencies and can quickly supply urban needs. Orchards and food crops need to be planted on large scales, and therefore, the scale of planting in the river valley was the highest. Cash crops require special geographic conditions and are highly affected by market fluctuations, and the planting scale in the nationality township was highest. This kind of Von Thünen’s agricultural pattern is an adaptive process of agricultural cultivation to rural migration and urbanization [35], and it is also the optimal allocation for agriculture commercialization under a market economy.




5.2. Rural-Urban Transition and Agricultural Restructuring: Adaptation Linkages


Although research studies on the impact of rural migration on rural–urban transitions and agricultural restructuring have reached a consensus regarding macro trends and general principles, many different conclusions in various microstudies have been drawn, mainly due to regional differences [11,20]. In different zones, the agricultural structure tends to exhibit different adaptation processes for urbanization and rural migration due to resource endowments, social culture, etc. [13]. In rural areas that are close to urban areas, urbanization and rural migration reduce farmland through farmland encroachment; similarly, faraway mountainous areas are reduced by farmland abandonment. However, rural migration supports the improvement of the agricultural cultivation scale and technological efficiency in agricultural agglomeration areas, thereby increasing the farmland area [17]. Although agricultural intensification and mechanization can compensate for the loss of farming productivity caused by labor outmigration to a certain extent, the compensation level varies in the different regions [1,18]. In the lake basin townships, rural migration led to a decline in the food yield, but these areas supplied large quantities of vegetables and rural laborers to the urban and nonagricultural sectors. In river valley townships, mountain migration and immigration remittances boost the food and orchard yields [13]. From a cross-regional perspective, rural migration indirectly coordinated agricultural cultivation in the different zones, thus ensuring food security throughout the region.



Therefore, under the dynamic framework of rural–urban transition and agricultural restructuring, agricultural cultivation showed diversified adaptation linkages for rural migration. Urbanization promoted rural migration, which led to farmland abandonment or transfer and in turn led to two distinct adaptation linkages (Figure 12). On the one hand, farmland transfer via rural migration made large-scale farming possible and promoted agricultural intensification and agricultural restructuring. As a result, agriculture was better adapted to the requirements of urbanization and a market economy, thus laying a foundation for farmers’ livelihoods and rural development. In turn, this foundation promoted urbanization and rural migration, and a benign adaptation circle formed under the dynamic framework. On the other hand, rural migration resulted in farmland abandonment, and reductions in labor and farmland led to the gradual shrinking of agricultural cultivation. As a result, more rural outmigration occurred, which further led to rural contraction; in turn, agricultural shrinkage was aggravated, and excessive labor losses were incurred. Ultimately, the process was caught in a malignant adaptation circle. However, this scenario is conducive to rural biodiversity and ecological welfare. In developing countries, smallholder agricultural business is still the foundation of the rural economy, but fragmented subsistence smallholder cultivation cannot meet the demands for agriculture in urbanization and a market economy [6,23,36]. Under the impetus of rural migration, fragmented smallholder agriculture can be integrated and restructured with appropriate rural policies. Moreover, agricultural cultivation will gradually shift to scale-planting, specialization and commodification, thereby releasing surplus rural laborers and promoting rural–urban transitions and coordination development. However, when zonal conditions and rural policies fail to meet agricultural restructuring requirements, rural migration will weaken agriculture and rural development.





6. Conclusions


Taking Xichang in the mountains of Southwest China as an example, this paper analyzed the background, presentation and linkages of rural migration and agricultural restructuring based on statistical data. The adaptation linkages and impact relationships between rural–urban transitions and agricultural restructuring were revealed using SEM with latent variables. Rural migration under urbanization led to changes in farmland, thereby promoting regional agricultural intensification and affecting agricultural cultivation restructuring; thus, agricultural yield and economic development improved and ultimately promoted urbanization and rural migration. In the cyclic adaptation linkages, zone differences had critical impacts on the relationships between rural migration and agricultural cultivation structures.



Studies have shown that rapid urbanization in Xichang triggered rural labor migration and the expansion of urban and the neocultivated land on both sides of the river valley from 2006–16. Although agriculture was still the main source of rural labor employment, many rural migrations caused the proportion of agricultural labor to the total rural labor to decline yearly, especially in the lake basin townships. In 2006–16, the proportion of food crops in Xichang declined, while the proportion of vegetables, orchards and cash crops increased, especially vegetables. The agricultural cultivation structure experienced the most significant change in the lake basin townships, while the river valley township had the greatest agricultural intensification. The regression analysis results of the agricultural cultivation structure showed that the basic input factors, such as farmland and labor, had significant impacts, but the intensity and sensitivity of agricultural cultivation varied for the different crops. A comprehensive analysis showed that rural migration weakened agricultural cultivation in the lake basin and nationality townships but enhanced agricultural cultivation in the river valley townships. Based on urbanization, rural migration, agricultural intensification, cultivation structure and economic development, the adaptation linkages between rural migration and agricultural restructuring were established. Chain-type changes and adaptation processes of rural–urban transition and rural reconstruction in developing countries along with linkage structures and regional differences were revealed, thus providing scientific references for regional rural policies and food security.
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Figure 1. Theoretical framework and research design. 
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Figure 2. Overview of the study area and township zones. 
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Figure 3. Urban Expansion and Farmland Reclamation in Xichang (2005–2015). 
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Figure 4. Farmland structure and its changes in Xichang from 2006–16. 
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Figure 5. Population (a) and labor (b) changes in Xichang from 2006–16. 
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Figure 6. Sown area and the yield and structure of crops in Xichang from 2006–16. 
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Figure 7. Agricultural sown area structure in the various township zones. 
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Figure 8. Agricultural yield structure in the various township zones. 
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Figure 9. Multiple cropping index, agricultural labor, farmland and sown area in the township zones. 
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Figure 10. Linkage analysis framework of rural–urban transition and agricultural restructuring. 
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Figure 11. Diagram of the direct effect (Standardized estimates) linkages between the latent variables. 
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Figure 12. The adaptation linkages of rural–urban transitions and agricultural restructuring. 
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Table 1. Selection of variables for rural migration and agricultural structure and their summary statistics (2016).
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Variables

	
Total

(37)

	
Lake Basin Townships

(5)

	
River Valley Townships

(19)

	
Nationality Townships

(13)

	
Statistical Test of Differences




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
ANOVA (Sig.)






	
Urbanization Rate in Township (%)

	
0.08

	
0.11

	
0.10

	
0.07

	
0.09

	
0.14

	
0.03

	
0.02

	
0.198




	
Rural Population (1000 pop)

	
12.23

	
6.88

	
17.56

	
11.26

	
14.40

	
5.48

	
7.01

	
2.41

	
0.001 **




	
Rural Laborer (1000 pop)

	
7.07

	
3.89

	
9.27

	
5.63

	
8.75

	
3.18

	
3.77

	
1.19

	
<0.001 **




	
Agricultural Laborer (1,000 pop)

	
5.42

	
3.01

	
4.21

	
4.45

	
7.14

	
2.52

	
3.37

	
1.09

	
<0.001 **




	
Agricultural Labor Ratio (%)

	
0.80

	
0.19

	
0.47

	
0.32

	
0.82

	
0.07

	
0.90

	
0.09

	
<0.001 **




	
Farmland Areas (1000 mu)

	
14.25

	
5.80

	
8.32

	
4.60

	
18.00

	
5.20

	
11.05

	
2.27

	
<0.001 **




	
Per Capita Net Income of Farmers (1000¥)

	
12.84

	
3.74

	
18.74

	
1.88

	
14.14

	
1.44

	
8.66

	
1.21

	
<0.001 **




	
Food Crop Areas (1000 mu)

	
21.45

	
13.08

	
8.40

	
4.97

	
32.24

	
9.00

	
10.71

	
1.74

	
<0.001 **




	
Cash Crop Areas (1000 mu)

	
1.23

	
1.21

	
1.02

	
2.01

	
1.55

	
0.96

	
0.84

	
1.17

	
0.251




	
Vegetables Areas (1000 mu)

	
3.74

	
3.35

	
3.81

	
2.66

	
5.61

	
3.40

	
0.97

	
0.32

	
<0.001 **




	
Orchard Areas (1000 mu)

	
1.50

	
2.26

	
2.31

	
3.69

	
2.21

	
2.27

	
0.15

	
0.17

	
0.023 *




	
Multiple Cropping Index (/)

	
0.37

	
0.37

	
0.54

	
0.56

	
0.44

	
0.37

	
0.19

	
0.23

	
0.085




	
Agricultural Output Value (million¥)

	
10.75

	
7.99

	
11.80

	
6.23

	
16.60

	
4.96

	
1.80

	
0.59

	
<0.001 **




	
Topographic Relief (m)

	
152.55

	
94.05

	
79.52

	
34.47

	
105.00

	
67.85

	
250.14

	
55.81

	
<0.001 **




	
Farmland Areas per Household (mu)

	
5.45

	
2.78

	
2.51

	
1.73

	
4.71

	
1.53

	
7.66

	
2.99

	
<0.001 **




	
Agricultural Laborer per Household (pop)

	
1.81

	
0.58

	
1.03

	
0.91

	
1.81

	
0.43

	
2.12

	
0.32

	
0.001 **




	
Farmland per Agricultural Laborer (mu)

	
3.03

	
1.23

	
2.95

	
1.98

	
3.62

	
0.62

	
2.66

	
1.41

	
0.058




	
Sown Area per Agricultural Laborer (mu)

	
5.38

	
1.83

	
4.69

	
3.32

	
5.82

	
1.16

	
4.99

	
1.93

	
0.317




	
Food Crop Yields (1000 t)

	
7.97

	
5.71

	
4.62

	
2.87

	
12.59

	
4.02

	
2.52

	
0.45

	
<0.001 **




	
Cash Crop Yields (1000 t)

	
0.23

	
0.19

	
0.37

	
0.29

	
0.25

	
0.15

	
0.13

	
0.18

	
0.035 *




	
Vegetables Yields (1000 t)

	
14.97

	
14.93

	
16.89

	
11.90

	
23.09

	
15.12

	
2.36

	
0.68

	
<0.001 **




	
Orchard Yields (1000 t)

	
2.18

	
3.20

	
3.70

	
5.69

	
3.18

	
2.92

	
0.14

	
0.07

	
0.012 *








Notes: the areas and yield data of the food crops (rice, maize, wheat, barley, potato, soybean, etc.), cash crops (rapeseed, peanut, sugarcane, flue-cured tobacco, etc.) and orchards (pomegranate, peach, pear, mango, etc.) were obtained from the Xichang Statistical Yearbook (2006–2016); *, **indicate statistical significance at the 5%, and 1% levels, respectively; 1 mu ≈ 667 m2 or 0.067 ha.
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Table 2. The reports of multiple regression model of the different crops.
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Variables

	
Food Crop

	
Cash Crop

	
Vegetables

	
Orchard




	
Standard

Coefficient

	
P

	
Standard

Coefficient

	
P

	
Standard

Coefficient

	
P

	
Standard

Coefficient

	
P






	
Township zones

	
0.220 **

	
0.000

	
0.061 **

	
0.003

	
0.297 **

	
0.000

	
−0.448 **

	
0.000




	
urbanization rate in township

	
−0.076 **

	
0.000

	
−0.016

	
0.272

	
0.030 *

	
0.038

	
0.005

	
0.909




	
Agricultural labor ratio

	
0.364 **

	
0.000

	
0.047

	
0.116

	
0.235 **

	
0.000

	
0.378 **

	
0.000




	
Rural laborer

	
0.612 **

	
0.000

	
0.165 **

	
0.000

	
0.352 **

	
0.000

	
0.437 **

	
0.000




	
Per capita net income of farmers

	
0.019

	
0.459

	
−0.043

	
0.489

	
−0.242 **

	
0.000

	
−0.007

	
0.924




	
Agricultural output value

	
0.104 **

	
0.001

	
0.128 **

	
0.000

	
0.361 **

	
0.000

	
0.244 **

	
0.006




	
Topographic relief

	
−0.412**

	
0.000

	
−0.030

	
0.408

	
−0.186 **

	
0.000

	
0.272 **

	
0.005




	
Farmland areas per household

	
0.240 **

	
0.000

	
0.257 **

	
0.003

	
−0.155 **

	
0.001

	
−0.354 **

	
0.007




	
Agricultural laborer per household

	
−0.045

	
0.218

	
−0.062

	
0.463

	
0.154 **

	
0.000

	
0.145

	
0.155




	
Farmland per agricultural laborer

	
−0.341 **

	
0.000

	
−0.232 **

	
0.000

	
0.050

	
0.296

	
0.455 **

	
0.001




	
Sown areas per agricultural laborer

	
0.639 **

	
0.000

	
0.292 **

	
0.000

	
0.329 **

	
0.000

	
−0.137

	
0.155




	
Multiple Cropping Index

	
0.027 *

	
0.046

	
0.039 **

	
0.008

	
−0.013

	
0.326

	
0.282 **

	
0.000




	
Model Fitting Degree (R2)

	
0.933 **

	
0.000

	
0.596 **

	
0.000

	
0.939 **

	
0.000

	
0.466 **

	
0.000




	
F

	
51.17

	
0.000

	
17.64

	
0.000

	
40.17

	
0.000

	
7.22

	
0.000




	
Hausman chi (12)

	
17.90

	
0.057

	
3.65

	
0.962

	
−186.79

	
--

	
29.49

	
0.001




	
Model

	
Fixed effect

	
Random effects

	
Fixed effect

	
Fixed effect








Notes: * Significant at the 5% level; ** Significant at the 1% level.
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Table 3. Structural equation model fitting result in Amos.
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Fitted Index

	
Reference Value

	
Fitted Value






	
  Degree of Freedom (DF)

	

	
163




	
  Minimum fit function Chi-Square

	
6511.806




	
  P

	
>0.05

	
0.310




	
  RMSEA (Root Mean Square Error of Approximation)

	
<0.05

	
0.017




	
  GFI (Goodness of Fit Index)

	
>0.90

	
0.913




	
  NNFI (Non-normal Fitting Index)

	
>0.90

	
0.997




	
  SRMR (Standardized Root Mean Square Residual)

	
<0.05

	
0.013
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