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Abstract

:

Loss of cultivated land has become a global issue that is especially critical in populous and rapidly urbanizing countries. However, knowledge in this field in general and its spatiality in particular have long been restrained in developing countries for the lack of accurate and reliable data. This study addresses this issue from a typological perspective by distinguishing the patterns and determinants of the conversion of cultivated land to nonagricultural use, nongrain use, and ecological land use. By using land use survey data from 2009 to 2019, and taking villages as the research units, the cultivated land loss in an ordinary prefecture, Tai’an, in the North China Plain was investigated from its temporal–spatial patterns, destination uses, and various driving factors. GIS methods such as spatial visualization, overlay analysis, and hotspot analysis were used to depict the geography of cultivated land loss in total and by cause. Multiple linear regression models were then developed to explore the roles of natural, locational, economic, social, and policy factors in predicting the overall and three types of cultivated land loss. The results show that (1) the cultivated land area in Tai’an Prefecture decreased by 1338.3 km2 over the decade, which was 32.4% of that in 2009. Ecological use, rather than the widely blamed urban expansion, was the dominant reason, accounting for 55.6% of the total loss of cultivated land. (2) The hotspot areas of cultivated land loss were mainly distributed in the northeastern mountainous area and villages around cities and county seats in the southwest. The hotspot areas of nongrain and ecological conversion were mainly located around the central city, whereas those of nonagricultural conversion were the most extensive around county centers. (3) The factors were found to have heterogeneous effects on the three types of cultivated land loss. For example, land transfer is conducive to large-scale farming and is thus associated with a lower probability of nonagricultural conversion of cultivated land. However, it often facilitates ecological conversion of cultivated land. (4) The basic farmland protection policy was proven to be effective in preventing all three types of cultivated land loss. The above results indicate the great heterogeneity among the three types of cultivated land loss in their geography and determinants, demonstrating the necessity and significance of the typological perspective adopted to interpreting cultivated land loss in urbanizing and transitional societies. To some extent, only by reasonably distinguishing, spatially analyzing, and fully understanding the different types, various causes, and internal structure of cultivated land loss can we formulate more targeted and effective policies of cultivated land protection.
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1. Introduction


Cultivated land loss has become a global issue in the era of rapid urbanization [1,2,3]. It has posed great threats to agricultural productivity, food security, local climate, biological diversity, etc. [4,5]. Unfortunately, this unfavorable phenomenon has been found everywhere across the globe and is extremely serious in less-developed countries [6,7,8]. The main reasons for cultivated land loss include urbanization, industrialization, infrastructure development, dislocation of land property rights, and frequent natural disasters [1,8,9]. Given the great spatial variation of cultivated land loss, GIS has been widely employed as a key methodology to depict and understand this phenomenon. For example, in the United States, the rapid increase in housing and commercial space has led to a massive loss of cultivated land [10]. Due to the misalignment of land rights, the area of cultivated land in Russia decreased by more than 15 percent from 130 million hm2 in 1992 to 110 million hm2 in 2018 [11,12]. With the largest area of cultivated land in the world, India’s food production is less than half that of China due to the country’s severe environmental pollution, poor infrastructure and inefficient production; hence the threat of cultivated land loss to food security therein cannot be underestimated despite the large scale of the total farmland [3]. Many countries have introduced various policies to protect cultivated land whereas the effects have been generally limited [13,14,15]. Studies show that urban expansion will reduce global cultivated land by another 1.8–2.4% by 2030, and the regional impact will be severe and differentiated; 80% of the loss of cultivated land will occur in less developed societies in Asia and Africa [2]. Therefore, it is of utmost importance to adopt a temporal–spatial perspective and use GIS methods to examine the spatial distribution characteristics and influencing factors of cultivated land loss, which is not only a central topic in land use change studies but also crucial for improving policies of farmland protection.



In China, the most populous country in the world, cultivated land loss threatens food security [16]. In China, the population is on the rise, there is less farmland, and there are fewer reserve land resources that can be reclaimed [17]. China feeds 22% of the world’s population with only 7% of the world’s farmland. Given this, protecting farmland and ensuring food security have always been the greatest concerns of the Chinese government [18,19]. Rapid urbanization in China is the main reason for cultivated land loss, which has multiple impacts on farmlands [20]. The direct impact is reflected in the farmland being directly affected by urban development, that is, the farmland being converted to nonagricultural use [21]. Indirect impact is reflected in the change of farmland utilization mode in the rapid development of urbanization, which leads to farmland not being used for grain cultivation, that is, nongrain and ecological conversion of cultivated land [22]. These two conversions differ from nonagricultural conversions in terms of land change, but they still cause serious damage to the farmland soil layer, making it difficult to grow grain crops, thus affecting national food security [23,24]. To effectively control the problem of cultivated land loss in China, we should analyze the impact of these three cultivated land conversions, which is of great significance to national food security.



Cultivated land loss is a hot topic that has attracted much scholarly attention. However, several gaps remain in the existing literature. First, the majority of previous studies have rarely examined the multiple causes and internal structure of cultivated land loss. They have mainly focused on the overall or one type of cultivated land loss caused by one reason. For instance, many studies have explored the nonagricultural conversion of cultivated land [21], while others have discussed nongrain and ecological conversion of cultivated land [22,23]. They commonly fail to understand their inherent differences and can only present limited opinions on cultivated land protection policies. This failure is extremely problematic in developing countries where nongrain and ecological conversion of cultivated land are simultaneously remarkable and causing massive loss of cultivated land. In this sense, a typological perspective is necessary and will be insightful for identifying the spatial and structural patterns and exploring the multiple determinants of cultivated land loss. It would also provide a new base for developing more targeted policies of cultivated land protection.



The second research gap lies in the cases chosen by previous studies. They mainly focus on megacities and urban agglomerations but pay less attention to ordinary cities [25,26]. However, studying the loss of cultivated land in ordinary cities is important for national food security [23,24]. On the one hand, the number of ordinary cities is large, and these cities usually undertake more farmland protection tasks. On the other hand, megacities and urban agglomerations not only have a small number of cities but also a small area of cultivated land, which cannot represent the loss of cultivated land in the vast majority of Chinese cities. Therefore, using ordinary cities as research areas can provide universal suggestions for urban management and decision making in China.



Thirdly, existing studies mainly consider cities and counties as research units with limited attention paid to refine units [22]. Some studies have considered plots as research units [23,26]. The former provides limited advice for city administrators on how to implement fine management, whereas the latter is greatly influenced by researchers’ subjectivity. Considering that rural land is owned by the collective, the village, as the most basic carrier of rural land use change, is the smallest administrative unit in China’s social and economic development [27]. Research at the village scale can retain more details of spatial patterns, and spatial dependence is more obvious than at other scales, which can better reveal the essential characteristics of cultivated land change [16,23]. The relevant research results can also provide more detailed and accurate information and suggestions for urban managers and decision makers [21,28].



Finally, data availability has been another crucial issue, especially in developing countries. Without reliable and accurate spatial data at a refined scale, research on land use change in general and cultivated land loss in particular has relied mainly on remote sensing data. However, the limitation of these data in spatial resolution, land use classification, and spatial linkages with land policies and socioeconomic development data would be amplified when they were used in relatively small rural areas [29,30]. Fortunately, China has conducted three rounds of national land survey since the late 1990s, which provided reliable and accurate land use data for investigating the spatiotemporal patterns and determinants of land use changes. The latest two rounds of land survey, carried out in 2009 and 2019, respectively, used compatible land classification systems and are thus comparable [29]. For these reasons, a case study was conducted in a prefecture where the land survey data were available to explore the spatiality, structure, and predictors of cultivated land loss.



Considering the research gaps in the existing literature, this study adopted a typological perspective and compared the losses of cultivated land by destination, namely land converted for nonagricultural, nongrain, and ecological uses. Taking Tai’an Prefecture in The North China Plain as the study area, we used data from land use surveys conducted in 2009 and 2019 and took villages as the research units to identify the spatial patterns and influencing factors of these three types of cultivated land loss. Specifically, we addressed the following three issues: (1) identifying the dominant destination of cultivated land loss, (2) exploring the spatial patterns of the three types of cultivated land loss, and (3) analyzing and comparing the influencing factors of cultivated land loss in total and in different destinations. The conclusion of this study not only provides suggestions for the formulation of farmland protection policies in the process of rapid urbanization in China but can also serve as a reference for solving the problem of cultivated land loss in the urbanization process of other developing countries.



This paper is divided into six sections. Section 2 presents an analysis of the factors that influence the loss of cultivated land. Section 3 describes the materials and methods. After the following parts of results and discussion, the final section presents the conclusions and future work.




2. Influencing Factors of Cultivated Land Loss


A relatively complete basic framework was used to analyze the factors influencing land use change. The framework focuses on the following five perspectives: natural conditions and location, economic, social, and policy factors [31,32,33]. As cultivated land loss is a type of land use change, this study adopted the same analytical framework to analyze the impact of different factors on cultivated land loss [9,34].



2.1. Natural Conditions


The influence of natural conditions on regional land use change is usually a slow accumulation process; however, it is also a basic constraint factor [23,31]. Natural conditions include natural elements such as topography, climate, hydrology, vegetation, and soil [9]. For the analysis of land use change at the metropolitan area scale, the terrain is a key factor affecting land use changes because the study area was in the same climate zone [26,35]. The impact of terrain conditions on farmland loss is mainly due to terrain slope and altitude. Terrain slope has a direct impact on farming conditions, and altitude affects water and heat distribution and land use change [25].



Farmland terrain conditions determine their potential utilization value and use [36]. Thus, flat farmland can reduce labor input through the large-scale replacement of agricultural machinery and effectively reduce the impact of rising labor prices [37]. The flatter the land, the more likely it is to be utilized for growing food, and the smaller the possibility of nongrain conversion of cultivated land [4,24,35]. However, the gap between labor productivity in mountainous and hilly areas and that in plain areas has increased because harsh terrain conditions can seriously hinder the development of agricultural mechanization. In this case, farmers can only improve their agricultural production profits through the nongrain conversion of cultivated land [35]. Additionally, relevant studies have found that terrain conditions significantly restrict the expansion of construction land [26]. Due to its low development cost, urban construction occupies most of the high-quality farmland with flat topography [20].




2.2. Location


Land use change depends on both natural conditions and location factors [38]. In his Isolated State, von Thunen first pointed out that distance from the urban center is an important factor affecting agricultural land rent, which results in different types of agricultural land use from the urban center to the periphery [39]. The influence of location factors on farmland change is manifested in two ways. Markets of different scales have different impacts on agricultural land use. At the scale of metropolitan areas, changes in products and services provided by administrative centers of different levels affect the demand for land, leading to spatial differences in nonagricultural, nongrain, and ecological conversion of cultivated land [31]. Alternately, improvements in transportation infrastructure conditions will affect the development and utilization of farmland, leading to spatial differences in nonagricultural, nongrain, and ecological conversion [23,31].



Empirical studies have shown that distance to different levels of administrative centers has different effects on farmland development and utilization [31,40,41]. For example, Dong (2006) found that the proportion of nongrain cultivated land was significantly higher in areas close to administrative centers [42]. Relevant studies have found that the improvement in transportation conditions is also an important reason for the change in farmland use [31]. Construction of traffic roads will not only occupy a large amount of land, including farmland, but the development of roads will also increase regional accessibility, thus promoting farmland development and utilization. Kong (2020) highlighted that for some local governments, it is easier to carry out urban greening on both sides of transport routes, widen the width of trees, and occupy farmland, which leads to the ecological conversion of cultivated land [43]. Furthermore, transportation conditions improve the economic and temporal distance between the production and consumption markets of agricultural products and ensure rapid transportation and preservation of relatively profitable cash crops [42]. Xiao et al. (2015) noted that the continuous improvement and perfection of transportation conditions are some of the main factors promoting the nongrain and ecological conversion of cultivated land [31].




2.3. Economic Development


Economic development is also an important factor that affects changes in farmland use in villages. Based on the relevant literature, this study measures the impact of economic factors on farmland in villages from the perspective of the level of economic development, industrial structure, and economic activity [44].



Due to the different levels of economic development, the types of cultivated land loss in villages differ. Villages with low levels of economic development are subject to the benefit trend of economic development and pursue maximization of economic benefits. They are more likely to increase profitable cash crops, leading to nongrain conversion of cultivated land [23]. More serious is the excessive economic development of nonagricultural industries, resulting in the nonagricultural conversion of cultivated land [45]. In addition, with the improvement in economic development, many communities plant trees on farmland in the name of green environment, resulting in the ecological conversion of cultivated land [24,43].



In terms of industrial structure, rapid economic development not only leads to a continuous decrease in the proportion of China’s primary industry but also the transformation of the planting structure of farmland from grain cultivation to relatively efficient cash crops [46,47]. The development of secondary industry provides many employment opportunities for rural residents and generates a large demand for construction land, which inevitably leads to the nonagricultural conversion of cultivated land [48]. Furthermore, the development of the tertiary industry provides convenient transportation conditions for villages. Improvements in transportation conditions encourage vigorous development of rural tourism, resulting in a large demand for green land, which again leads to the ecological conversion of cultivated land [49]. In the final analysis, the comparative benefits of farmland for grain cultivation were lower than those of the other land use methods.



The higher the frequency of land transfers in villages, the higher the degree of land activity. Therefore, the relevant literature uses the proportion of land transfer areas to measure the economic activity of villages [44]. In villages with high economic activity, peasants can realize large-scale farming through land transfer to improve profits, which inhibits the nonagricultural conversion of cultivated land [50]. However, with the increase in the land transfer area, land transfer costs have become one of the main costs of agricultural production. To obtain higher economic benefits, farmers turn their farmland to garden and forest land to offset the rising cost of land transfer, which leads to nongrain and ecological conversion of cultivated land [4,50].




2.4. Social Factors


Rural areas in China are also experiencing rich social changes, among which social factors promote the transformation of the use and function of rural farmlands [31,34]. Demographic characteristics are often used to characterize the social factors of villages [51,52,53]. With the increase in urban population, cities will spread outwards and inevitably occupy the farmland of villages around cities [54]. Moreover, an increase in population also increases the demand for diversified agricultural products [24]. Therefore, most farmers meet the diversified demands of the market through nongrain conversion of cultivated land [24]. However, in remote villages, with the loss of the local population and lack of demand for land transfer, farmers generally invest in extensive planting methods, resulting in the ecological conversion of cultivated land [52,55].



The labor force structure is an important factor in population characteristics and is crucial for changes in farmland use [23]. As the rural agricultural labor force shifts to nonagricultural employment, cities need more land to serve the growing labor force, which promotes substantial growth of urban construction land. A large increase in urban construction land will inevitably occupy farmland in surrounding areas [9,56]. The increase in employment opportunities in nonagricultural industries also weakens the social security function of farmlands. In this case, farmers are more willing to turn to nonagricultural industries for employment and simultaneously establish some planting methods with a low agricultural labor force, leading to the ecological conversion of cultivated land [24,47,57]. Liao et al. analyzed the impact of labor structure on the nongrain conversion of cultivated land and found that farmers face an increase in labor costs with a decrease in the agricultural labor force, which promotes the transformation of farmland from food cultivation to cash crops with higher comparative benefits [35].




2.5. Policy


Land use is characterized by externalities, and the personal and public goals of land use frequently conflict with each other. The personal goal of land use often emphasizes economic benefits, whereas the public management goal of land focuses more on social and environmental benefits [9]. Therefore, all countries adopt constitutions and laws to control land use behavior, leading to institutional factors playing an increasingly critical role in the process of land use change [3,58].



China has implemented strict farmland protection policies, especially the demarcation of permanent basic farmland around cities, which has played an important role in inhibiting the nonagricultural conversion of cultivated land [13]. This is because the policy focuses more on curbing nonagricultural uses such as urban construction. In the implementation of this policy, the administrative department conducts law enforcement inspections using satellite images, which can detect farmland converted to nonagricultural uses, and orders its restoration [23,53]. However, some studies have found that basic farmland protection policies have no inhibitory effect on the nongrain and ecological conversion of cultivated land [23,52]. First, the policy lacks control means and monitoring tools for agricultural activities other than grain cultivation in farmlands [23]. Second, permanent basic farmland is generally high-quality farmland that can only be used for food production with low interest; this leads to a contradiction in the low operating income of high-quality farmland [45]. To improve returns, farmers generally plant forest products and cash crops with higher benefits, which leads to the nongrain and ecological conversion of cultivated land.





3. Materials and Methods


3.1. Study Area


Tai’an Prefecture is located on the North China Plain, an important major grain-producing area in the middle of Shandong Province. In 2019, the total population of the prefecture was 5.73 million, of which 3.55 million resided in urban areas, accounting for 61.87% of the total population [59]. There are six county-level administrative units under its jurisdiction. The central city is composed of Taishan District and Daiyue District; Xintai City and Feicheng City are two more developed county-level cities, and Ningyang County and Dongping County are far away from the central city and less developed (Figure 1).



Tai’an Prefecture was chosen as a case study for the following three reasons. First, it has diverse geomorphic types, including mountains, hills, plains, basins, and lakes. Second, farmland is the main type of land used in this area. The total land area of the prefecture is 7761 km2, of which 4125.4 km2 is covered by farmland, accounting for 53.2% of the total land area. Third, Tai’an, similar to other ordinary cities in China, has experienced rapid urbanization over the recent decade, resulting a dramatic shrinkage of cultivated land. The recent two rounds of national land survey revealed that nearly one third of cultivated land in 2009 was converted to other uses in the following decade (Figure 2). For these reasons, we chose Tai’an as a typical case of ordinary cities in China to examine the geography and predictors of cultivated land loss from a typological perspective. In fact, the Tai’an prefecture has been employed as a typical case of Chinese ordinary cities in several previous studies and found to be a good case for examining land use changes, rural transitions, and policy assessment [60,61].




3.2. Data


3.2.1. Data Sources and Descriptive Statistics


Farmland data were obtained from land use survey data of Tai’an Prefecture in 2009 and 2019. Basic farmland protection area data were obtained from the land use plan of the Tai’an Prefecture (2006–2020). The administrative zoning map of the village was obtained from the 2019 village-level administrative boundary map of Tai’an. Social and economic statistics were obtained from the village-level social and economic statistics database of Tai’an’s Municipal Bureau of Statistics. Road network data were obtained from Baidu map definitions, and data sources and descriptive statistics of variables are listed in Table 1.




3.2.2. Data Processing


The intersect tool of the ArcGIS software was used to intersect the cultivated land maps in 2009 and 2019 to identify the loss of cultivated land in the decade. The maps and results were then overlaid with the administrative boundary of villages by which the cultivated land loss area could be calculated with the summary statistical tool. Similar methods were adopted to obtain village-level data of the three types of cultivated land loss, respectively. The distances between villages and multilevel administrative centers, the nearest road, and the nearest rivers were calculated through the following two steps. First, the centroid points of each village were obtained by using the feature to point tool in ArcGIS software. Second, the near tool was used to calculate the distance from the centroid point of each village to the abovementioned features. The village-level indicators were then used to estimate the multiple linear regression models. The detailed technical process is shown in Figure 3.





3.3. Methods


Using villages as research samples, this study analyzed the spatial distribution characteristics of three types of cultivated land loss in Tai’an Prefecture. In addition, the factors influencing the three types of cultivated land loss are discussed. The research methods were primarily based on the following three aspects:



3.3.1. Spatial Distribution Characteristics of Cultivated Land Loss


Cultivated land loss refers to the conversion of farmland to other land use types. Cultivated land loss can be divided into nonagricultural, nongrain, and ecological conversion of cultivated land. Nongrain conversion refers to the process of converting farmland into garden land and pit ponds. Ecological conversion refers to the conversion of farmlands into woodlands and grasslands. Nonagricultural conversion is a process in which farmland is transformed into nonagricultural land for residence, commerce, industry, and transportation.



This study uses the rate of cultivated land loss, the rate of nongrain conversion of cultivated land, rate of ecological conversion of cultivated land, and rate of nonagricultural conversion of cultivated land to represent the severity of cultivated land loss in total and the three reasons, respectively. The formula is as follows:


    Y   i   =     b   i     a     i = 1,2 , 3,4    



(1)




where Yi represents the rate of cultivated land loss, rate of nongrain conversion of cultivated land, rate of ecological conversion of cultivated land, and rate of nonagricultural conversion of cultivated land in the region. bi represents the total area of conversion from farmland to non-farmland, area of conversion from farmland to garden land and pit pond land, area of conversion from farmland to forest land and grassland, and area of conversion from farmland to nonagricultural land during the study period. a is the area of farmland in the initial period.




3.3.2. Getis–Ord Gi


In order to further explore the degree of spatial correlation of cultivated land loss between a village and its surrounding villages, this paper uses the local correlation index G* proposed by Ord and Getis to identify the spatial agglomeration areas of high value (hot spot) and low value (cold spot) of cultivated land loss in Tai’an Prefecture. The specific formula of Getis–Ord local statistical index G* is as follows:


    G   i   ∗     d   =   ∑  j = 1   n      W   i j     d     X   j   /   ∑  j = 1   n      X   j       ,  



(2)







The standardized statistic for Gi* (d) test is


  Z     G   i   ∗     =       G   i   ∗   − E     G   i   ∗          V a r     G   i   ∗        ,  



(3)




where Xj is the attribute value of spatial unit j; Wij is the weight; and E(Gi*) and Var(Gi*) are the mathematical expectation and coefficient of variation of Gi*(d), respectively. Z(Gi*) is significantly positive, indicating that village i is a high-value aggregation area of cultivated land loss, which is a hotspot for cultivated land loss. Z(Gi*) is significantly negative, indicating that village i is a low-value aggregated area of cultivated land loss and belongs to the cold spot area of cultivated land loss.




3.3.3. Empirical Model


In this study, an econometric model was used to analyze the factors influencing the cultivated land loss, nonagricultural conversion, nongrain conversion, and ecological conversion of cultivated land. The calculation formula is as follows:


  Y = μ   + β   1     X   1     + β   2     X   2     + β   3     X   3   + ⋯   β   n     X   n   + ε ,  



(4)




where Y is the dependent variable,   μ   is the constant term, X1, X2, X3, … Xn are all independent variables, β1, β2, β3, … βn represent the regression coefficients of the corresponding independent variables, respectively, and   ε   represents the random error.



	
(1) Dependent variables






The dependent variables of the model are the rate of cultivated land loss, rate of nongrain conversion, rate of ecological conversion, and rate of nonagricultural conversion.



	
(2) Independent variables






According to the previous analytical framework, this study analyzed the influence of various variables on the rate of cultivated land loss, rate of nongrain conversion, rate of ecological conversion, and rate of nonagricultural conversion from five aspects: natural conditions, location factors, economic factors, social factors, and policy factors. The spatial distribution of each influencing factor is shown in Figure 4.



Natural conditions: The average elevation and terrain slope of the villages were selected to reflect the impact of natural conditions on cultivated land loss.



Location factors: The distance between villages and municipal governments, the distance between villages and county governments, the distance between villages and township governments, the distance between villages and roads, and the distance between villages and rivers were selected to reflect the influence of location factors on cultivated land loss.



Economic factors: POI density, the proportion of industrial land area, and the proportion of land transfer area of villages were selected to reflect the impact of the villages’ economic development level, industrial structure, and economic vitality on cultivated land loss.



Social factors: this study selected population density, the proportion of the nonagricultural population, and the proportion of the labor force to reflect the impact of social factors on cultivated land loss.



Policy factors: In China, the basic farmland protection policy is the most critical policy tool for the government to protect cultivated land [41]. In this study, the ratio of the basic farmland area to cultivated land area was selected to reflect the impact of the basic farmland protection policy on cultivated land loss.






4. Results


4.1. Spatial Distribution Characteristics of Cultivated Land Loss


4.1.1. Spatial Disparity of Cultivated Land Loss


Cultivated land loss is common and severe in the Tai’an Prefecture, where all districts (counties) have experienced cultivated land loss. The total area of cultivated land was 4125.4 km2 in 2009, which decreased by 1338.3 km2 from 2009 to 2019, and the rate of cultivated land loss was 32.4% (Table 2). In this decade, nearly a third of farmland was converted to other uses. Among the three reasons of cultivated land loss, ecological conversion has been the dominant one, with an area of 744.4 km2, accounting for 55.6% of the total loss.



The spatial distribution characteristics of the cultivated land loss rate in Tai’an Prefecture gradually decreased from the northeast to the southwest (Figure 5a). The highest rate of cultivated land loss was found in the Taishan District, which was as high as 76.2%. The sub-core areas of cultivated land loss were Daiyue, Xintai, and Feicheng. Ningyang and Dongping experienced a relatively slight loss of farmland. The two counties are relatively far from the central city and less-developed; therefore, they undertake more grain production tasks, and farmland has been effectively protected. The rate of cultivated land loss is higher in economically developed areas closer to urban centers. Economic factors and distance from urban centers may have great impacts on the loss of cultivated land.



The rates of nonagricultural, nongrain, and ecological conversion of cultivated land also showed similar but different spatial distributions (Figure 5). The rate of nongrain conversion showed a decreasing trend from the central city to the periphery and from the main roads to remote areas (Figure 5b). The results suggest that the distance to the central market may play an important role in the expansion of more profitable cash crops. The ecological conversion rate increased with the elevation (Figure 5c). It was the highest in mountainous Taishan District and the lowest in lowland Dongping County. The spatial distribution characteristics of the nonagricultural conversion rate showed a decreasing trend from the central city and county seats to the periphery (Figure 5d). The farther away from prefectural and county governments, the lower the rate of nonagricultural conversion.




4.1.2. Spatial Agglomeration of Cultivated Land Loss


Because most land use decisions made by peasants are based on the maximization of personal interests, the high economic returns of one rural household obtained from the change in farmland use motivate the surrounding residents to engage in the same type of economic activity [62]. Therefore, spatial autocorrelation was used to explore the spatial agglomeration characteristics of the overall and three types of cultivated land loss.



Figure 6 shows that there are obvious hot- and cold-spot areas in the rates of cultivated land loss in total and the three types. The hotspots of cultivated land loss are mainly distributed in the northeast and the villages around the district and county governments in the southwest (Figure 6a). This is because there is more demand for development in villages closer to urban centers. The cold spots of cultivated land loss are mainly distributed in the villages on the southwestern edge of the metropolitan area, which is relatively far from the central city. These remote areas are relatively underdeveloped and undertake more agricultural production tasks. Therefore, farmland was effectively protected in these areas.



Hotspot areas of nonagricultural, nongrain, and ecological conversion of cultivated land showed significant spatial differences. The hotspot area of nongrain conversion of cultivated land concentrated surrounding the central city (Figure 6b). The hotspot areas for the ecological conversion of cultivated land were mainly distributed in the suburb of the central city and mountainous eastern areas (Figure 6c). The hotspot areas of nonagricultural conversion of cultivated land present a polycentric spatial distribution feature (Figure 6d), which is mainly concentrated in villages around prefectural and county governments.





4.2. Influencing Factors of Cultivated Land Loss


Based on the previous analysis of the spatial distribution characteristics of cultivated land loss in Tai’an Prefecture, this study used 3392 villages from the same area as research samples. Influence of natural conditions, location, economic, social, and policy factors on the rate of cultivated land loss, the rate of nonagricultural, nongrain, and ecological conversion of cultivated land in villages in Tai’an prefecture were quantitatively analyzed using an econometric model. Table 3 shows the regression results.



Regarding natural conditions, altitude and slope are positively correlated with the rate of cultivated land loss and nongrain conversion of cultivated land, which is consistent with the results reported by Liao et al. (2021). This is because terrain conditions seriously hinder the development of agricultural mechanization in mountainous and hilly areas, resulting in a growing gap between labor productivity in mountainous and hilly areas and that in plain areas. In this case, farmers can only improve their agricultural production profits through nongrain conversion of cultivated land.



Regarding location factors, distance to the central city was negatively correlated with the rate of cultivated land loss (β = −0.285), the rate of nongrain conversion of cultivated land (β = −0.131), and the rate of ecological conversion of cultivated land (β = −0.277). This shows that the diversified market demand for agricultural products is generated mainly by the central city of Tai’an. However, villages far away from the urban center and less developed areas bear more tasks of food production, so farmland has been effectively protected. This result is also consistent with the hotspot area distribution of cultivated land loss (Figure 6a). The distance to district and county governments is negatively correlated with the rate of nonagricultural conversion of cultivated land, indicating that there is a large construction demand around district and county governments, which increases farmland occupation. Therefore, the hotspot areas of the nonagricultural conversion present a polycentric spatial distribution pattern (Figure 6d). The distance to the road was negatively correlated with the ecological conversion of cultivated land (β = −0.104).



Almost all economic factors have a significant relationship with the rate of cultivated land loss and the rate of agricultural, nongrain, and ecological conversion of cultivated land. Indicators of the level of economic development and industrial structure show a significant negative correlation with the nongrain conversion of cultivated land. This is because villages with low levels of economic development are driven by the interests of economic development demand and pursue the maximization of economic benefits. Furthermore, they greatly increase the proportion of cash crops planted, leading to nongrain conversion of cultivated land. However, the indicators of the economic development level and industrial structure are significantly positively correlated with the ecological and nonagricultural conversion of cultivated land, indicating that the negative effects of rapid economic development and industrial structure change may be the main reason for the ecological and nonagricultural conversion of cultivated land. In addition, economic activity is positively correlated with the ecological conversion of cultivated land, whereas it is negatively correlated with the nonagricultural conversion of cultivated land. This is because, in villages with high economic activity, farmers can realize large-scale farming through land transfer to improve their income. However, with the increasing proportion of land transfer, land transfer costs have become one of the main costs of agricultural production. Planting more efficient forest products on farmlands can offset the rising costs of land transfer.



Regarding social factors, population density had a strong positive correlation with the rate of cultivated land loss (β = 0.122) and the rate of nonagricultural conversion of cultivated land (β = 0.325), indicating that an increase in population size produces a large demand for construction land. As the main source of construction land, farmland inevitably becomes nonagricultural. There was a strong positive correlation between the proportion of the nonagricultural population and the rate of ecological conversion of cultivated land because the increase in employment opportunities in nonagricultural industries also weakens the social security function of farmlands. In this case, farmers are more willing to switch to nonagricultural employment and invest in extensive farming patterns. The basic farmland protection policy has a negative correlation with the rate of cultivated land loss, nongrain conversion, and ecological conversion and nonagricultural conversion. This shows that the basic farmland protection policy was found effective in preventing cultivated land from all types of conversion.





5. Discussion


Although three types of cultivated land loss have shared the core–periphery pattern of spatial distribution, their differences are apparent as well. Nongrain conversion is found significantly more in areas near main roads than remote areas, indicating the importance of accessibility to regional transportation system for profitable cash crops. Demand for large-scale and diversified agricultural products has been generated not only by local market of the central city but also by the accessibility to regional and national market through the high-level road system. Ecological conversion of cultivated land is closely associated with geographical landscape and the rate is the highest in mountainous areas. Urban greening in the suburb of the central city and massive planting of barren mountains have been the two main reasons for China’s growing forest area, which has been found in previous studies and confirmed in this case study. The hotspot areas of nonagricultural conversion of cultivated land present a polycentric spatial distribution feature, which is mainly concentrated in villages around the central city and county seats. This is because, under the urban administrative management system of cities and counties, the expansion of construction land is characterized by obvious polycentric expansion [63]. Farmlands close to urban and county governments are inexpensive to develop and the existing infrastructure is an inherent advantage compared to rural areas far from cities.



The basic farmland protection policy was found effective in preventing cultivated land from all types of conversion. Its negative correlation with the rate of cultivated land loss and nonagricultural conversion found in this study is consistent with the results of most previous studies [26,40], indicating that the policy plays a positive role in controlling cultivated land loss, especially the nonagricultural conversion of cultivated land because the policy focuses more on the suppression of nonagricultural uses, such as urban construction. Su et al. studied the impact of policies on cultivated land loss and found that the basic farmland protection policy promoted the nongrain conversion of cultivated land and the ecological conversion of cultivated land [23]. This differs from the results of our study, in which the basic farmland protection policy had a negative impact on the rate of nongrain conversion of cultivated land and the rate of ecological conversion of cultivated land, indicating that the policy played a positive role in controlling the conversion of farmland to forestland and garden land.



Based on the main findings of this research, three policy recommendations are proposed. (1) A typological and spatially heterogenous perspective is urged in land management in general and cultivated land protection in particular. In the era of rapid urbanization, cultivated land loss is caused not only by nonagricultural uses, but also by the nongrain and ecological conversion [31,52,62]. The typological and integrated analysis of this study on cultivated land loss revealed its spatially heterogenous structure and determinants. Therefore, delicacy management strategies should be adopted in spatial planning and land policies. For example, the close restraint on cultivated land conversion is reasonable in general and for nonagricultural and ecological uses, while it is not a valid reason for preventing conversion for nongrain uses to meet people’s increasing demand for food diversification. Ecological development might be important for many regions. However, conversion of cultivated land for ecological uses is often reasonable in hilly areas and urban fringe but not a good choice for most plain areas.



(2) Land transfer promotion policy should not legalize the nongrain conversion of cultivated land and pose new threat to food security in populous China. In China, land transfer for developing large-scale farming has been seen as almost the only way to develop modern agriculture and enhance the international competitiveness of agricultural products [62,64]. While land transfer brings social and economic benefits, it also leads to the transformation of farmland from grain cultivation to other types of agricultural production with higher interest, thus triggering the government’s concern about food security [23,43]. Therefore, when encouraging the transfer of land operation rights from individual farmers to agricultural cooperatives or enterprises, local governments should not only regulate land use but also clarify the use of farmland and crop types through land transfer contracts to ensure food security.



(3) The cultivated land protection is facing new challenges and needs to be enhanced. In contrast to the results of Su et al. [23], this study found that the basic farmland protection policy played a significant role in controlling all of the three types of cultivated land loss. Nevertheless, we also find great potential threats to farmland protection and food security in China. In metropolitan areas, the nongrain and ecological conversion of cultivated land remain serious and tend to spatially agglomerate. This is because farmers’ land use decisions are easily influenced by those of surrounding farmers [62]. The high returns obtained from nongrain and ecological conversion of cultivated land will strongly stimulate surrounding farmers to plant more efficient cash crops and forest products and then promote the same type of cultivated land loss in adjacent areas (Figure 6b,c). Therefore, for sustainable food production in the future, the primary farmland policy should be insisted on and more high-quality farmland should be designated as farmland protection areas. In addition, the government should make full use of satellite remote sensing technology to monitor the actual use of farmland and gradually strengthen the responsibility of primary farmland protection in ensuring food security in the long run.




6. Conclusions and Future Work


This study proposed a typological interpretation of cultivated land loss by distinguishing the land converted to nonagricultural, nongrain, and ecological uses. The spatial patterns and influencing factors of overall and three types of cultivated land loss were investigated by taking a major grain-producing area, Tai’an prefecture, in the North China Plain as the case study, using spatially refined land use survey data in 2009 and 2019, incorporating village-level geographical, statistical and big data, and adopting GIS methods and econometric models.



The results were summarized the following. The cultivated land area in Tai’an Prefecture decreased by 1338.3 km2 over the decade, which was 32.4% of that in 2009. Ecological use, rather than the widely blamed urban expansion, was the dominant reason, accounting for 55.6% of the total loss of cultivated land. The hotspot areas of cultivated land loss were mainly distributed in the northeastern mountainous area and villages around cities and county seats in the southwest. The hotspot areas of nongrain and ecological conversion were mainly located around the central city, whereas those of nonagricultural conversion were the most extensive around county centers. The factors were found to have heterogeneous effects on the three types of cultivated land loss. For example, land transfer is conducive to large-scale farming and is thus associated with a lower probability of nonagricultural conversion of cultivated land. However, it often facilitates ecological conversion of cultivated land. The basic farmland protection policy was proven to be effective in preventing all three types of cultivated land loss.



The above results indicate the great heterogeneity among the three types of cultivated land loss in their geography and determinants, demonstrating the necessity and significance of the typological perspective adopted to interpreting cultivated land loss in urbanizing and transitional societies. To some extent, only by reasonably distinguishing, spatially analyzing, and fully understanding the different types, various causes, and internal structure of cultivated land loss can we formulate more targeted and effective policies of cultivated land protection.



This study also has some limitations that could be improved in future work. First of all, although the GIS models used in village-level analysis have drawn insightful conclusions, their applications at parcel level are also expected to extend our knowledge on the patterns and mechanisms of cultivated land loss and thus worthy of future study. Second, this study has revealed the common and specific factors influencing various types of cultivated land loss, while how these factors have these effects has remained vague and needs further investigation. Finally, policy has always been fundamental for land use changes and especially important for cultivated land protection. Given the natural and institutional contexts in China, it is a good case for examining the policy–practice relationship. This study is only a start point for evaluating the effectiveness of China’s well-known primary farmland policy. Much more efforts are urged in this field for its great potential in deepening the academic knowledge of land use changes and improving land policies in developing countries.
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Figure 1. Location and map of the Tai’an prefecture. 
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Figure 2. (a,b) The conversion of 2009 cultivated land over the following decade in the Tai’an prefecture. 
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Figure 3. Technical flowchart of cultivated land loss analysis. 
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Figure 4. (a–n) Maps of independent variables used to predict cultivated land loss in the Tai’an prefecture. 
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Figure 5. (a–d) Rate of cultivated land loss in the Tai’an prefecture. 
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Figure 6. (a–d) Hotspot analysis of cultivated land loss in the Tai’an prefecture. 
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Table 1. Variables, data sources, and descriptive statistics.
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Factor

	
Variable

	
Abbr.

	
Unit

	
Definition

	
Data Source

	
Mean

	
Max

	
Min

	
S.D.






	
Dependent variable

	

	

	

	




	

	
Rate of cultivated land loss

	
FLR

	
(%)

	
The proportion of cultivated land loss area to the original cultivated land area of the village

	
Land use survey data of Tai’an in 2009 and 2019

	
36.57

	
100.00

	
0.42

	
0.07




	

	
Rate of nongrain conversion

	
FLAR

	
(%)

	
The proportion of nongrain conversion area to the original cultivated land area of the village

	
Same as above

	
9.93

	
99.89

	
0.00

	
0.03




	

	
Rate of ecological conversion

	
FLER

	
(%)

	
The proportion of ecological conversion area to the original cultivated land area of the village

	
Same as above

	
20.65

	
100.00

	
0.00

	
0.04




	

	
Rate of nonagricultural conversion

	
FLNR

	
(%)

	
The proportion of nonagricultural area to the original cultivated land area of the village

	
Same as above

	
5.98

	
100.00

	
0.00

	
0.01




	
Independent variable

	

	

	

	




	
Natural conditions

	
Average elevation

	
Elev

	
m

	
Average elevation of village

	
30 × 30 dem data (geospatial data cloud www.gscloud.cn/ accessed on 26 December 2022)

	
126.99

	
624.06

	
24.32

	
6295.69




	
Average slope

	
Slop

	
°

	
Average slope of village

	
Same as above

	
3.78

	
18.88

	
0.8982

	
7.48




	
Location

factors

	
Distance to municipal government

	
Distcity

	
km

	
Distance from village to Tai’an municipal government

	
Baidu map location data (https://maplocation.sjfkai.com/ accessed on 26 December 2022)

	
47.16

	
97.92

	
0.29

	
477.77




	
Distance to county government

	
Distcoun

	
km

	
Distance from village to its county government

	
Same as above

	
18.19

	
44.31

	
0.42

	
84.89




	
Distance to township government

	
Disttown

	
km

	
Distance from village to its township government

	
Same as above

	
4.14

	
13.39

	
0.06

	
4.11




	
Distance to the nearest road

	
Distroad

	
km

	
Distance from village to the nearest road

	
Data from a land use survey in 2019

	
2.77

	
13.91

	
0.00

	
6.50




	
Distance to the nearest river

	
Distrive

	
km

	
Distance from village to the nearest river

	
Same as above

	
1.52

	
12.42

	
0.00

	
2.46




	
Economic factors

	
Economic development level

	
Econdeve

	
Number/km2

	
Ratio of POI number to village area

	
Map POI data

	
21.89

	
1410.32

	
0.00

	
5816.83




	
Economic structure

	
Econstru

	
%

	
Ratio of industrial land area to village area

	
Data from a land use survey in 2019

	
1.95

	
56.46

	
0.00

	
0.00




	
Economic vitality

	
Econvita

	
%

	
Ratio of land transfer area to village area

	
Same as above

	
10.25

	
100.00

	
0.00

	
0.02




	
Social factors

	
Population density

	
Denspopu

	
Person

/km²

	
The population density of the village

	
Tai’an Statistics Bureau

	
769.15

	
29,753.36

	
27.39

	
1,185,241.06




	
Proportion of nonagricultural population

	
Propnon-farm

	
%

	
Proportion of nonagricultural labor force to the labor force of the village

	
Same as above

	
69.74

	
100.00

	
0.00

	
0.04




	
Proportion of labor force

	
Proplabo

	
%

	
Proportion of labor force to the population of the village

	
Same as above

	
56.58

	
100.00

	
11.92

	
0.01




	
Policy factors

	
Basic farmland protection policy

	
Polibasi

	
%

	
Proportion of basic farmland area to cultivated land of the village

	
General plan of land use for Tai’an (2006–2020)

	
71.32

	
100.00

	
0.00

	
0.10
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Table 2. Cultivated land loss by county from 2009 to 2019 (km2, %).






Table 2. Cultivated land loss by county from 2009 to 2019 (km2, %).





	

	
Cultivated Land (km2)

	
Cultivated Land Loss (km2)

	
Rate of Cultivated Land Loss (%)




	

	
2009

	
2019

	
Total

	
Nongrain

	
Ecological

	
Nonagricultural

	
FLR

	
FLAR

	
FLER

	
FLNR






	
Taishan

	
82.9

	
21.1

	
63.2

	
4.8

	
51.4

	
7.0

	
76.2%

	
5.8%

	
61.9%

	
8.4%




	
Daiyue

	
779.3

	
455.0

	
351.5

	
128.8

	
184.9

	
37.8

	
45.1%

	
16.5%

	
23.7%

	
4.8%




	
Xintai

	
1037.6

	
747.1

	
380.9

	
121.1

	
209.3

	
50.5

	
36.7%

	
11.7%

	
20.2%

	
4.9%




	
Feicheng

	
712.2

	
534.6

	
234.9

	
71.1

	
125.8

	
38.1

	
33.0%

	
10.0%

	
17.7%

	
5.3%




	
Ningyang

	
761.0

	
640.6

	
156.3

	
22.3

	
95.9

	
38.1

	
20.5%

	
2.9%

	
12.6%

	
5.0%




	
Dongping

	
752.4

	
623.7

	
151.6

	
38.8

	
77.3

	
35.6

	
20.2%

	
5.2%

	
10.3%

	
4.7%




	
Tai’an

	
4125.4

	
3022.1

	
1338.3

	
386.9

	
744.4

	
207.0

	
32.4%

	
9.4%

	
18.0%

	
5.0%








Note: the cultivated land area in 2019 includes the newly increased cultivated land in this decade, which is not covered by this paper.
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Table 3. Impact analysis of cultivated land loss rate in Tai’an prefecture.
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	FLR
	FLAR
	FLER
	FLNR





	Elev
	0.270 *** (12.670)
	0.279 *** (12.805)
	0.155 *** (6.051)
	−0.069 *** (−3.120)



	Slop
	0.201 *** (10.263)
	0.357 *** (17.865)
	−0.051 ** (−2.153)
	0.070 *** (3.488)



	Distcity
	−0.285 *** (−19.852)
	−0.131 *** (−8.917)
	−0.277 *** (−16.064)
	0.029 * (1.951)



	Distcoun
	−0.036 *** (−2.637)
	−0.060 *** (−4.231)
	0.027 (1.623)
	−0.070 *** (−4.882)



	Disttown
	0.026 * (1.771)
	−0.019 (−1.288)
	0.016 (0.939)
	0.084 *** (5.614)



	Distroad
	−0.076 *** (−5.380)
	−0.000 (−0.025)
	−0.104 *** (−6.172)
	0.016 (1.132)



	Distrive
	−0.021 (−1.489)
	0.026 * (1.813)
	−0.045 *** (−2.683)
	−0.007 (−0.470)



	Econdeve
	0.063 *** (4.386)
	−0.060 *** (−4.055)
	0.068 *** (3.917)
	0.162 *** (10.845)



	Econstru
	0.072 *** (4.896)
	−0.078 *** (−5.192)
	0.061 *** (3.429)
	0.248 *** (16.336)



	Econvita
	0.053 *** (3.968)
	0.014 (0.996)
	0.071 *** (4.423)
	−0.034 ** (−2.454)



	Denspopu
	0.122 *** (8.915)
	−0.012 (−0.890)
	0.043 *** (2.637)
	0.325 *** (23.088)



	Propnon-farm
	0.047 *** (3.229)
	−0.033 ** (−2.220)
	0.072 *** (4.143)
	0.039 ** (2.587)



	Proplabo
	−0.006 (−0.436)
	−0.038 *** (−2.804)
	0.028 * (1.768)
	−0.014 (−1.032)



	Polibasi
	−0.195 *** (−12.378)
	−0.137 *** (−8.491)
	−0.059 *** (−3.104)
	−0.224 *** (−13.743)



	R2
	0.434
	0.409
	0.183
	0.397



	F
	186.627
	168.559
	55.291
	160.439



	N
	3392
	3392
	3392
	3392







Note: Standardized coefficients (beta) in the cells and t statistics in parentheses. *, **, and *** indicate significance at the 0.1, 0.05, and 0.01 levels, respectively.
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