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Abstract

:

Agricultural land resources have been the central issue for the Chinese government in its attempts to secure food and agricultural sustainability. Yet strict land use control does not protect the agricultural land from erosion by urban expansion. Identifying the specific patterns and mechanisms of the agricultural land conversion, thus, is critical for land management and related decision making. Based on the annual nominal 30 m land use/land cover datasets (called CLUD-A), this study goes below the national/regional level to examine agricultural land conversion in Chongqing from a multiscale perspective. At the metropolis and its subdivision’s scales, the volume of the conversion area has been generally increasing, from 122.40 km2 in 1980–1990, 162.26 km2 in 1990–2000, and 706.14 km2 in 2000–2010, to 684.83 km2 in 2010–2015. Such a conversion in the main city area and its surroundings far outweighed that in the rural outskirts, as 68.9% (1990–2000), 92.2% (2000–2010), and 82.7% (2010–2015) of the conversion happened in the former. Moreover, values of Gini coefficients and coefficient of variation (CV) based on the county/district scale (Gini [0.46, 0.64], CV [0.69, 0.99] throughout the four periods) are much lower than those based on the town/village scale (Gini [0.88, 0.94], CV [3.18, 4.47] throughout the four periods), suggesting the uneven extent of spatial distribution of the agricultural land conversion trickles down along with the downscale of administration: the lower the administrative level, the more severe the unbalance. The policy rationale behind this transition is also discussed. This research argues for tangible approaches to a sustainable rural-urban transformation.
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1. Introduction


Disentangling how and why land use has changed has long been the primary task in research on sustainable land use science [1,2]. Given the known knowledge on urban expansion, agricultural transition, and deforestation, scholars argue for additional research on subtle changes in subcategories of land use to guarantee food security, natural protection, and environmental protection [3,4]. Subtle changes deserving of attention include the intensity of agricultural land use [5], variation of land use configuration in space across different time periods, and the competing uses of land to support human survival. The major challenge for sustainable land use is the increasing demand to feed and accommodate a growing population with limited land resources [6,7]. This is especially true in China where only 8% of the world’s agricultural land has fed 22% of the total population on earth.



Yet another unneglected truth is that China has been one of the few major countries that has experienced fluctuating shrinkage of agricultural land for the past few decades [8,9]. According to statistical data from China’s Ministry of Agriculture and Rural Affairs and Ministry of Natural Resources, though the amount of loss varied across different years (e.g., the years 1985 and 2003 witnessed peaks of over 1.0- and 2.5-million-hectare net losses while the losses in other years were much lower), agricultural land has overall been decreasing since the 1980s. From 2000 to 2010, among the top 10 countries measured by their total agricultural land area, China is the only one which experienced a loss of agricultural land, decreasing by 0.95% [8]. Almost in the same period, however, an analysis of land use/land cover (LULC) data reveals that agricultural land has increased across the globe overall and many countries have expanded their agricultural land for feeding increasing populations, at the cost of grassland and forests [10,11]: during 1982–2011, countries in Oceania (East Australia increased by 50–60%), South America (especially its southeast areas such as East Brazil and North Argentina increased by 40–50%), North America (Alaska increased by 50–60%) witnessed substantial expansions of agricultural land, while Botswana in south Africa alone increased by 80–90% during the same period [10]. This makes China an interesting case study to unravel what conversion happened to agricultural land and how such conversion took place. Indeed, agricultural land resources have been the central issue for the Chinese government as it sought to secure food and agricultural sustainability. Unlike in Eastern Europe and Central Asia where a considerable amount of arable land is poorly disposed or discarded, China has launched a series of policies to protect agricultural land, e.g., the “1.8 billion mu redline” policy to defend prime agricultural land. Nevertheless, the unprecedented scale and speed of urbanization has imposed tremendous pressures on land demand. Urbanization requires massive infrastructural construction that leads to distinct urban land expansion rates far outweighing that of the urban population [12]. A substantial increase of the expanded urban surface land occurs by encroaching on a large amount of agricultural land, threatening the border of permanent prime agricultural land and leading to the extensive, unsustainable use of land [13,14].



Notably, researchers also found that such a conversion of agricultural land to construction land was uneven across different geographies, from global [8,9,10,11,15], continental/transnational [16], national [17,18,19], and regional [20,21,22,23], to urban or even lower levels [24,25,26], and also varied across different time periods [10,11,21]. They argue that ‘scale’ matters and multiscale analysis is necessary for in-depth examinations [27,28]. Thus, this research adds the time and scale dimensions to explore how agricultural land has been converted to other types of land, especially the construction land in China. As an accustomed term in geography, ‘scale’ is neutrally treated as a metric of physical space and a pregiven or fixed container for human activities [29], but when it comes to analysis, the meaning of ‘scale’ may vary and at best adaptively fits different circumstances or contexts. In a figure or picture regardless of socioeconomic factors or administrative boundaries, it may refer to the width of a pixel or area of a polygon [30]. Taking population or economic density into account, it can represent statistical spatial units differing from the legal states, cities, or counties, such as the metropolitan statistical area (MSA) in the U.S. [31]. Considering demarcations of administrative power, ‘scale’ can also link to the bureaucratic hierarchical systems and point at jurisdictions administered by villages, townships, prefectures, or provincial and national governments, corresponding to the national (guojia ji) level, provincial/ministry level (sheng-bu ji), prefecture/department level (di-ting ji), county/division level (xian-chu ji), and township/section level (xiang-ke ji). The third type of ‘scale’ is particularly helpful to understand the spatial distribution status in the context of China where administrations and policies have tremendously influenced land and spatial change [32,33]. However, existing research on agricultural land use change is preoccupied with the national/regional scale [19,34,35]. For instance, Zhong and Qian [35] discussed the impacts of the top-down quota-oriented agricultural land preservation planning for the intensive utilization of urban land in China in association with the National General Land Use Plan (1997–2010). Ge and Long [19] examined the characteristics of agricultural land transition and its influence on grain production at the national level against the backdrop of China’s urban-rural transformation. Zuo and Zhang [34] traced the transition and patterns of cropland in northwest China from 1980 to 2010 and clearly observed a net increase in built-up land due to agricultural land conversion. However, the nature of changes of agricultural land that take place at the lower level, e.g., the county/district levels and the intra-urban scale, remains inadequately understood. Indeed, one scale of certain activity is not in isolation with that at other scales. Adopting a multiscale perceptive, therefore, is needed to reveal mutual imbrications of all scales and necessitate a more comprehensive understanding of social activities in a space. An in-depth understanding at the sub-national or sub-regional level is also essential because valid control and guidance on land use requires detailed information on multiple scales, providing evidence for better land management [36].



The uneven rule of agricultural land change also applied to China, though there has been a general decreasing trend since the 1980s [8,9]. The east coast area that developed was early has experienced a rapid loss of agricultural land, which was much more intensive than in central and west China during 1981–1990. But as time went by, policy tilted towards the central and western areas, where preventing agricultural land from encroaching onto other forms of land turned to be an increasing challenge due to the growing demand for land to accommodate larger populations, as well as the increasing need for food to feed them. Though the agricultural outputs were greatly improved by institutional reforms such as the household responsibility system in the late 1970s [37] to reduce this pressure, most of the farming structure in western China is still small-scale, fragmented, and far from being mechanized for agricultural productivity improvements [38]. The labor-intensive agricultural production mode is fragile, as urban growth has led to massive migrations from rural to urban areas that depletes the rural workforce in the villages. This is because small scale farming is far less competitive with urban activities in term of economic returns. Instead of forming a virtuous circle, the highly efficient urban production mode has harmed the less efficient production of agricultural land through policies of rural-urban land transfers. Identifying the rate, intensity, location, and mechanisms of this conversion, thus, helps with land management and related decision making.



Located in western China, Chongqing is an intriguing case for the study of how and why agricultural land was converted into construction land, given its fast urbanization rate, wide range of rural areas, diverse agricultural land structure, and varied urbanization and economic development levels. Before Chongqing was upgraded, the city was urged by the provincial government of Sichuan to annex several poverty-stricken districts and counties to its own jurisdiction. Consequently, socioeconomic development in Chongqing since the 1990s has bared a strong characteristic of the urban-rural dichotomy. For a long time, having the rural areas catch up has been an important task for local leaders. Intense policies have been approved and applied to Chongqing and profound rural-urban transformation has taken place in this large metropolis. The objective of this study is to develop an analytical route for better understanding the intra-urban land conversion from a multiscale perspective based on China’s peculiar spatial and administrative framework. In particular, via the case of Chongqing, it aims to: (1) link the multiscale analysis to China’s administrative structure and city’s spatial layout at an intra-urban level of urban-rural coexistence; (2) quantify the patterns of the agricultural land conversion, measure the uneven extent of spatial distribution, and identify the implications of the results at different scales under the multiscale framework; (3) compare results of the study area with other regions and discuss major policies related to the agricultural land conversion.




2. Research Method


2.1. Area of Research and Its Administrative Multiscale Structure


Chongqing is one of the central cities identified in the national urban system planning. Located in the junction of the Yangtze River and Baokun Railway in the national strategic “two horizontal and three vertical” layout (Figure 1), it is the fulcrum of the Silk Road and Yangtze River Economic Belts and props up the Great Western Development. With the highest per capita disposable income of urban households among western regions, Chongqing was assigned to take the lead in building up a “moderately prosperous society” and nurturing new growth engines in western China [39]. This national campaign demonstrates an affirmative role played by the central government in dictating territorial development (Lu and Deng, 2011), and this is the first time since China’s Third Front Development that inland areas were selected for industrial development and upgrades [40]. As one of the largest metropolises in China, the Chongqing metropolis’ area is around 82,300 thousand km2 (scale 1 in Figure 2) and is comprised of the one-hour economic circle (OHEC) encompassing the main city area (MCA, the urban functional core/development area) and the other areas (ROHEC, the urban development new area), the northeast wing (NW) of the ecological conservation development area, and the southeast wing (SW) of the ecological protection area (scale 2 in Figure 2). The spatial framework was developed through rounds of spatial strategies proposed by the municipal government to coordinate urban-rural development after 1997 (Figure 3). The first was the “Three Economic Zones” (3EZs) strategy (Figure 3a) aimed at aligning the traditional urban core area—known as “Metropolitan Developed Economic Circle”, comprising of the most developed 9 districts and the 12 districts and counties near the urban core—known as the “West Economic Corridor”—and the remaining rural region—known as the “Three Gorges Reservoir Area—Ecological Economic Zone” (Wanzhou, Fulin, and Qianjiang). The 3EZ framework integrated the entire metropolitan area but lacked specific coordination among the different zones. After the enactment of the 10th Five-Year Plan, the “Partition of Four Economic Zones (2003–2020)” strategy (Figure 3b) was proposed. Unlike the master plan (1996–2020) focusing on migration of the Three Gorges, this strategy paid close attention to economic development, social stability, and environmental protection of the “Three Gorges Reservoir Area—Ecological Economic Zone” which was further partitioned into the “Northeast Zone (Wing)” and “Southeast Zone (Wing)” to address economic disparities in less developed areas. In 2007, Chongqing was designated as the pilot reform city for coordinated urban-rural development. The local bureau officially proposed the “one circle, two wings” spatial strategy (Figure 3c) in China’s first urban-rural master plan (Chongqing, 2007–2020): “one circle” refers to the “one-hour economic circle (OHEC)” of the enlarged “West Economic Corridor” and “two wings” refer to the northeast wing (NW) centered on Wanzhou City and the southeast wing (SW) centered on Qianjiang City. The main objective of the “two wings” was to fix surplus labor without causing ecological damage. These strategies have significantly influenced the land use transition, especially that of the agricultural land, in Chongqing. Spatial framework at this scale serves as the basis for analysis of volumes, rates, and trends of agricultural land use conversion to construction land in Chongqing. Administrative districts/counties (scale 3 in Figure 2) and streets/towns/villages (scale 4 in Figure 2) at lower scales under this framework provide spatial units for mapping and measuring the degree of unevenness of the conversion distribution. Analysis of all four scales helps a comprehensive and in-depth understanding of intra-urban level agricultural land use change.




2.2. Data Collection and Analysis


A 30 m resolution remote sensing Land-Use/cover Dataset (called CLUD-A) produced by a Chinese research team [41] was consulted to collect data and produce LULC maps in Chongqing (Figure 4). The CLUD-A combines China’s Land-Use/cover Dataset (CLUD) which provides unprecedented detail of land use change in 1980, 1995, 2000, 2005, 2010, and 2015 at 30-m resolution with the Moderate Resolution Imaging Spectroradiometer (MODIS) and AVHRR GIMMS datasets to develop annual LULC datasets from 1980 to 2015. It distinguishes agricultural land, forest, grassland, waters, built-up land, and unused land (unused land refers to sand, Gobi, saline land, marshland, barren land, and other land that is not used until the mapping time) and is convincing for analysis as validation of the data proven by field trip shows around 94.3% accuracy of land cover of the first-level six categories in 1980, 1995, 2000, 2005, 2010, and 2015 [18]. Considering data accuracy and the accelerated conversion rate as time went by, this research prolonged the interval in the early stage and selected the years 1980, 1990, 2000, 2010, and 2015 for study. Efforts were made to address the limitations of the remote sensing technology. For instance, considering the spectral variation of land cover change, the BFAST algorithm was used for monitoring disturbances using time-series data and identifying the change time during each period [41]. Initial statistics reveals that in spite of the construction land increase, agricultural land accounts the most changes throughout 1980 to 2015, followed by forest and grass (Table 1). Further exploration on agricultural land use, thus, is worthy of study. To achieve this, approaches tracing sources and flow of land, indexes evaluating the rate and intensity of land change, and coefficients measuring the degree of imbalance of spatial distribution should be introduced.



2.2.1. Tracing Sources and Flow of Agricultural Land


Tracing sources and flows of agricultural land helps to identify the quantities of land conversion from and out of agricultural land, which is how agricultural land is lost or gained from other types of land. Based on the absolute value extracted from the CLUD-A dataset, the rate of conversion was calculated to eliminate the areal impact of different land types [42,43]:


  A  L  l o s s    i  , j   =     A  L  i , j     Δ A  L i      × 100 % ;   A  L  g a i n   i ,  j    =     A  L  i , j     Δ A  L j      × 100 % ,   i ≠ j  



(1)






  A L  N  l o s s   i , j   =   A  L  j , i   − A  L  i , j     /   A  L  . i   − A  L  i .     × 100 % ,   i ≠ j  



(2)




where   A  L  l o s s  i  , j     is the ratio of areas converted from agricultural land to land use type j (  A  L  i , j    ) to the total areas of all types of land converted from agricultural land in year I (  Δ A  L i  )  .   A  L  g a i n   i ,  j      is the ratio of areas of land use type i converted to agricultural land (  A  L  i , j    ) to the total areas of all types of land converted to agricultural land in year j (  Δ A  L j   ). Here j refers to the column number and i refers to the line number in the land conversion matrix. Both   A  L  l o s s  i  , j     and   A  L  g a i n   i ,  j      are contribution rates of land use of certain type converted out of or to agricultural land.   A L  N  l o s s   i , j     refers to the net conversion rate of agricultural land contributed by land use type j, calculated as the ratio of net converted area from land use type j to agricultural land (  A  L  j , i   − A  L  i , j    ) to the total net converted areas to agricultural land in year i (  A  L  . i   − A  L  i .    ).




2.2.2. Evaluating the Rate and Intensity of Land Change


The annual land use change rate and standardized annual land use change rate [44] are often used for evaluating the speed and pace of land change. This research, thus, proposed the annual conversion rate (ACRa) and standardized annual conversion rate (ACRs, eliminating the impact of size) of agricultural land to construction land to evaluate the agricultural land conversion speed in different time periods and in different districts/counties or town/villages. Scores of ACRa were divided into nine scales at the district/county level, showing of extremely low [0, 0.1], very low [0.1, 0.2], low [0.2, 0.3], slightly low [0.3, 0.5], moderate [0.5, 1], slightly high [1, 2], high [2, 5], very high [5, 10] and extremely high [>10] rates, and nine scales at the town/village level, showing extremely low [0, 0.0005], very low [0.0005, 0.001], low [0.001, 0.005], slightly low [0.005, 0.01], moderate [0.01, 0.05], slightly high [0.05, 0.1], high [0.1, 0.5], very high [0.5, 1] and extremely high rate [>1].



Another indicator of land change intensity is also diversely used [44,45,46,47]. In a study about the Plum Island Ecosystems site in northeastern Massachusetts, USA, three levels of intensity analysis were conducted, examining how land change can vary across time intervals, how land change affects different land categories, and how such changes differ between categories [45]. A similar approach of intensity analysis was applied in a study of land changes in the Jiulong River watershed in southeast China [46]. This research introduced intensity analysis at these time interval levels, proposing an intensity index for the conversion of agricultural land to construction land (ALCI), calculated as the proportion of converted area from agricultural land to construction land to the total area. The equation is:


    ALCI   i ,    t 1  −  t 2    =   A L  A i   t 2    −   A L  A i   t 1      S  A i  × Δ t   × 100 %  



(3)







  A L  A i   t 1      and   A L  A i   t 2      refer to the areas of agricultural land in district/county i at the times of t1 and t2.   S  A i    is the total area of district/county i (district/county scale) or town/village i (town/village scale). Scores of ALCI were divided into nine scales at the district/county level, representing conversion intensities of extremely low [0, 0.1], very low [0.1, 0.2], low [0.2, 0.5], slightly low [0.5, 1], moderate [1, 2], slightly high [2, 5], high [5, 10], very high [10, 20], and extremely high [>20], and nine scales at the town/village level, showing intensities of extremely low [0, 0.005], very low [0.005, 0.01], low [0.01, 0.05], slightly low [0.05, 0.1], moderate [0.1, 0.5], slightly high [0.5, 1], high [1, 10], very high [10, 20], and extremely high [>20].




2.2.3. Measuring the Degree of Spatial (Im)balance of Land Change


The Lorenz curve is a graphical representation of the distribution of income or wealth proposed by Max O. Lorenz. It plots percentiles of the population on the horizontal axis based on income or wealth. A perfect equal incomes distribution would be a line at 45 degrees. When using the Lorenz curve, the Gini coefficient then refers to the ratio of the area between the diagonal and the curve and the area of the whole triangle under the diagonal [48]. To quantify the equilibrium degree of conversion in absolute sense, this study charted the Lorenz curves and computed the Gini coefficients in different time periods at both the districts/counties and town/villages levels. For doing this, absolute value of the conversion in each district/county or town/village was arranged from small to large. The horizontal axis refers to the accumulative percentage of the number of districts/counties or towns/villages, while the vertical axis refers to the accumulative percentage of agricultural land conversion.



The coefficient of variation (CV), also known as relative standard deviation (RSD), represents a statistical measure of the dispersion of data points in a data series around the mean. As a relative equilibrium index, CV is used to measure the relative spatial (im)balance of annual transition amount of agricultural land to construction land, and was calculated to supplement the (in)equality analysis of agricultural land use conversion [42,49]:


  C  V  i j   =   S  D  i j       M  N  i j       × 100 %  



(4)




where CVij represents the value of arable land use transition to construction land in district/county i (or town/village i) during time period j, SDij and   M  N  i j     are the standard deviation of transition in district/county i (or town/village i) during time period j. Values of the CV relate to whether and how balance the set of data is spatially distributed.






3. Result: A Multiscale Perspective on Agricultural Land Change


3.1. Agricultural Land Loss More Than the Gain in Chongqing Metropolis


To capture the general patterns of LULC in Chongqing, the source and flow of agricultural land conversion with other types of land including forests, grassland, waters, built-up land, and unused land in Chongqing during 1980–1990, 1990–2000, 2000–2010, and 2010–2015 were calculated (Table 2). From 1980 to 2015, agricultural land generally experienced a great loss and was mainly converted to built-up areas. In Table 2, the negative value implies the loss of agricultural land to the corresponding type of land use; the positive value refers to the gain of agricultural land from the corresponding type of land use. Overall, from 1980 to 2015, the loss of agricultural land was much greater than its gain, with a net loss of 2142.41 km2. The main source of agricultural land is grassland, converting a 128.18 km2 area, followed by forests (converting 83.88 km2) and few built-up land (converting 2.21 km2) and water areas (converting 2.00 km2). The conversion from unused land is minimal. The majority of lost agricultural land (roughly 1675.67 km2) transitioned to become built-up land and subsequently to forests (440.93 km2), grassland (148.87 km2), waters (93.99 km2), and negligible unused land. Forests were the main source of agricultural land in 1980–1990 and 1990–2000, contributing 68.93% and 71.55% of all the conversion to agricultural land. Conversion to agricultural land reached a peak of 151.37 km2 in 2000–2010 and grassland contributing 74.12% of the conversion became the main source during this period. Meanwhile, gains of agricultural land decreased to almost nil in 2010–2015 and built-up land accounted for 90.91% of the sources for conversion. This indicates that though the motivation for agricultural land conversion is insufficient, the policies of “Provisions on Land Reclamation” and “Linking the Increase in Land Used for Urban Construction with the Decrease in Land Used for Rural Construction” have been beneficial. The lost areas were almost converted into built-up land. However, a considerable transition of agricultural land to forests (361.73 km2) was noticed in 2000–2010. This effectively reflects the achievement of “converting agricultural land to forest” in the late 1990s and early 2000s. Grassland and forests provide the main sources of agricultural land. Conversion of waters and unused land is a less obvious option. At the subdivision scale of the Chongqing metropolitan area, throughout all the four periods, almost all the districts and counties lost agricultural land, except the four most remote rural counties located in two wings: Chengkou, Shizhu Youyang, and Xiushan, which gained slight amounts of agricultural land in 1990–2000 and 2000–2010.




3.2. Accelerated Conversion in OHEC and Intense Change in Planned Key Nodes


Analysis of the rate and intensity of agricultural land change has revealed an accelerated conversion in OHEC and more intense changes in planned central cities and towns than in ordinary areas. The annual converted area of agricultural land to construction land increased from 1980 to 2015. In the period of 2010–2015, conversion reached the peak of 141.00 km2 per year (705.00 km2 in total). In 2000–2010, the loss speed of agricultural land also substantially reached 112.58 km2 per year (1125.80 km2 in total). The loss of agricultural land was much less notable earlier in 1980–1990 (206.03 km2) and 1990–2000 (171.84 km2). ACRs are similar to those of ACRa, reaching up to 3.74‰ in 2010–2015, 2.92‰ in 2000–2010, and much lower to 0.36% in 1990–2000 and 0.44% in 1980–1990.



MCA, the core area of OHEC, has experienced a great loss of agricultural land and distinct gains in construction land since 2000. In MCA, Yubei district alone has obtained 19.7 sq.km each year during 2010 and 2015 and 10.32 sq.km each year during 2000 and 2010 from agricultural land. Other districts in the MCA also had visible increase of construction land that transited from agricultural land: the annul transition of most districts fell between 5 to 10 sq.km each year in 2010–2015 and 205 sq.km each year in 2000–2010. The only two exceptions are Yuzhong and Dadukou, the former was fully urbanized without agricultural land and the latter’s transition area was merely around 1 sq.km each year from 2000 to 2015. During 2000–2010, the loss speed of agricultural land notably reached 112.58 km2 per year (1125.80 km2 in total) where 62.72% was converted to construction land, most of the conversion happened in the OHEC. At the metropolitan scale, loss of agricultural land was much less common but was still notable in earlier times during 1980–1990 (206.03 km2) and 1990–2000 (171.84 km2), when around 59.3% and 94.4% were converted to construction land.



Mapping of ACRa shows contrasted spatial patterns between the two wings and OHEC (Figure 5). At the district and county scale, districts in OHEC generally had more conversion than the those in NW and SW. Jiangbei, Nan’an, Jiulongpo, Shapingba, Yubei and Dadukou in the MCA are top six districts experiencing over 1% conversion rate per year during 2010 and 2015, and the conversion during the rest period is also notable. In 1990–2000 and 2000–2010, almost all the districts and counties have lost agricultural land which transited to construction land, yet four most remote rural counties located in two wings—Chengkou, Shizhu Youyang, and Xiushan—slightly gained agricultural land. At the town and village scale, in the two wings area, actual conversion of arable land to construction land only happened in a few towns and villages where far more towns and villages (with no colors inside) barely grew. For instance, Chengkou, the furthest county 334 km away from the central city of Chongqing, only had few towns/villages, e.g., Gaoyan town, Fuxing street, and Longtian village, that gained construction land at the expense of agricultural land during the 35 years. At the town/village level, as construction seldom happened in many places, some of the intensity values denote zero. Mapping of ALCI revealed a similar pattern to that of ACRa (Figure 6). Areas experiencing extremely high conversion intensity were streets in the MCA, especially during 2010–2015 and 2000–2010. Areas of nil growth are primarily distributed in the two wings, where only a few significant towns and villages around the county center had visible growth. In addition, if one were to compare both maps of ACRa and ALCI with the planned urban system planning in the Chongqing master plan (2007–2020) (Figure 5 and Figure 6), one can find that after the 1990s, the more significant the cities or towns that were planned, the more intensely the agricultural land changed. That is, the planned key nodes, viz. the mega/big/medium sized cities and central towns, generally experienced greater loss of agricultural land, and this was especially true during 2010 and 2015.




3.3. Disequilibrium at Town/Village Scale Far Outweighed That at District/County Scale


The measurement of the equilibrium degree of agricultural land change quantitatively revealed that spatial distribution of conversion from agricultural land to construction has been much more uneven at the town/village scale than that at the district/county scale. As Gini coefficients and CV are permutationally invariants where the same value may tell very different, either dispersed or agglomerated, spatial patterns, Figure 5 and Figure 6 serve as the base maps for analysis in this section. Gini coefficients unveiling the absolute extent of spatial distribution of the agricultural transition to construction land are calculated to advance the recognition of spatiotemporal variation. This calculation is conducted at two scales: the county/district level and the town/village level. During 1980–1990, 1990–2000, 2000–2010, and 2010–2015, values of Gini coefficients were 0.941, 0.935, 0.933, and 0.882 based on town/village spatial units and were 0.491, 0.467, 0.639 and 0.466 based on county/district spatial units. The results indicate that a prominent uneven distribution of agricultural land uses s transition to construction land in four periods in Chongqing, with Gini coefficients in all four periods surpassing 0.46 at all scales. Yet, it also reveals that the transitions from agricultural land to construction land at the town/village level are much more unequal than those at the county/district level. As shown by the Lorenz Curve (Figure 7), trends of spatial unevenness of agricultural land use transition to construction land are different between the two scales. At the county/district level, spatial inequality was most obvious in 2000–2010 with Gini coefficient reaching 0.639 but at the town/village level, the most uneven period was 2010–2015 with the Gini coefficient as high as 0.941 at that time.



Calculation of CV (Figure 8) reveals a similar result as the Gini coefficients. During 1980–1990, 1990–2000, 2000–2010, and 2010–2015, the obtained values of CVs are 3.181, 4.465, 4.597, and 3.181 based on town/village spatial units and are 0.923, 0.969, 0.691, and 0.987 based on county/district spatial units. With all the CV scores surpassing 0.65, an unbalanced transition of agricultural land to construction land was uncovered. The lowest value of CVs was in 2000–2010 at the county/district level (0.69), implying that underwent a relatively balanced transition of agricultural land to construction land during this time period. From 1980 to 2015, the county/district level CVs score is much lower than the town/village level CVs score and the two scaled CVs exhibited a quite different trend. The imbalance of agricultural land use transition to construction land reached the highest level in 2010–2015 at the county/district level, with a CV of 0.99, and in 1990–2000 at the town/village level, with a CV of 4.59.





4. Conclusions and Discussion


The study endeavored to develop a multiscale understanding of how and why agricultural land converted to construction land (Table 3). Through the case of Chongqing, the study unveiled that:



(1) From 1980 to 2015, a large amount of agricultural land was lost and primarily converted to construction land; in the meantime, an inflow of agricultural land also happened occasionally, mainly from grassland and forests;



(2) Such a conversion has accelerated and is most visible in the OHEC area, especially the MCA, and intensity of the conversion exhibits a similar spatial pattern;



(3) Calculation of Gini coefficients indicated a highly unequal distribution of agricultural land transitioning to construction land in four periods in Chongqing, with scores in all periods exceeding 0.46 at both scales. Yet, it also revealed that the transition from agricultural land to construction land at the town/village level is much more unequal than at the county/district level, reflecting the inherently uneven spatial patterns of agricultural land use transition within different counties or districts.



From a national perspective, Chongqing’s agricultural land change displays distinctive patterns and has been steered and influenced by both macro and local policies related to rural-urban transformation, which are discussed below.



4.1. Comparing Agricultural Land Change in Chongqing with Other Areas


Results of analysis on agricultural land change in Chongqing displayed a distinctive pattern compared with its counterparts, losing agricultural land faster than the national average. Since the 1990s, the agricultural land area has been relatively stable in China, with a slight increase from 1.77 million km2 to 1.79 million km2 that occurred until 2015 [50]. Yet, different from the nation’s annual increase rate of 0.03%, Chongqing’s agricultural land was reduced by 1970.2 km2, while the annual decrease rate was 5.0% in the same period. In particular, the nation has gained 2.8 million km2 of agricultural land in 1990–2000, while Chongqing has lost 140.06 km2 in the meantime. It is worth noting that the increased agricultural land was mainly in northwest basin plateau areas such as the northern Tarim Basin, Junggar Basin, and Yili River Valley Plain etc., while in highly urbanized areas such as the Pearl River Delta, even more agricultural land was lost, with a decrease by 1432.65 km2 or 9.5% in 1990–2000 [51]. As the east coastal area has a higher urbanization rate and a more advanced economy, the middle Yangtze River agglomeration and its cities are often considered to be more comparable with Chongqing-Chengdu agglomeration and Chongqing than those developed areas. Research on agricultural land changes in the middle Yangtze River shows that 8075.0 km2 of arable land was lost and a comparable decrease rate of 4.5% took place in 1990–2015, which mostly happened in Wuhan, Changsha, and Nanchang [42]. Yet, the disequilibrium degree of the agricultural land change was higher in the middle Yangtze River area than that in Chongqing. For example, when calculated at the district/county scale, the Gini coefficient in the former was 0.60 in 1990–2015, while those in Chongqing were 0.467, 0.639, and 0.466 in 1990–2000, 2000–2010, and 2010–2015, respectively; throughout all periods in 1990–2015, values of CV were around 1.5 or larger in the former, while those in Chongqing were smaller than 1.0 in all of the periods.



However, these studies acknowledge that as areas of the statistical units are often very large at national or regional scales, values of the proposed indexes within the divided unit can hardly reveal the characteristics of agricultural land changes at lower scales for these areas [17,19,42,50]. Scholars call for more in-depth studies at lower scales to further explore the change of agricultural land, which this research complements.




4.2. Major Policies Influencing Chongqing’s Agricultural Land Change


Conversion of agricultural land to construction land in Chongqing is inseparable from the city’s several milestone policies. During 1980 and 1990, Chongqing remained subordinate to Sichuan province, while nowadays most of the two wings areas are extremely poverty-stricken counties under the jurisdiction of Sichuan. The urbanization process was slow, as was the transition of agricultural land to construction land. In addition, the proposed “converting agricultural land to forest” policy implemented in the late 1990s has facilitated reforestation from agricultural land, which was eminently observed in 2000–2010.



Since 1999, Chongqing ushered in a period of great transformation due to the initiation of a national campaign, i.e., the West Development Strategy, with the aim of minimizing regional disparities and strengthening territorial unity [52]. The transition of agricultural land to construction land, therefore, is more visible during that time than in the earlier period. During this period, one of the most notable macro policies for Chongqing’s rural-urban transformation was the national-level comprehensive reform experimental zones (CREZs) for coordinating urban and rural development, which was launched in 2007. A CREZ is a pilot region that allows for innovative policies and practices to minimize the distance between urban and rural developments, thus enhancing people’s well-being. Quite related to the transition of agricultural land to construction land in the CREZ policy package is the land-bill (dipiao) system reform which aims to benefit rural villagers in the course of urban development.



The land-bill system is an explorative exercise in the conventional land-conveyance model whereby villagers are compensated for the transition of agricultural land at prices far below potential market value once the land is developed. The land-bill system is guided by a tightened land-use policy in Chongqing; this policy aims for a future increase in urban construction land to be granted based on the amount of non-agricultural land returned for arable lands (Land development in China is under strict surveillance by the central government, which states that rural-to-urban land transfers must not appropriate additional arable lands. In October 2005, the Ministry of Land and Resources issued “an opinion on regulating the experiment of associating the increase in land use for urban development with the decrease in non-agricultural land use for rural development” (chengxiang jianshe yondi zengjian guagou), with a view to protect the amount of arable lands). Land bills are in essence new quotas for construction land generated by the restoration of rural residential plots as agricultural land. It frees the fragmented, small scale family based rural land to be urbanized and adds the quotas of construction land in dense areas such as the MCA. The conversion of the homesteads and the residential plots to agricultural land under the incentive of land bill helps concentrate rural dwellers by “elevating” the villagers into high-rise apartments. This step helps rural villagers adapt to an urban life style. Rehoused rural villagers become a potential labor force for urban industries, and urban employment helps accelerates their change of identity as a farmer. The land-bill transactions also bring increased income to rural villagers and help them become better off. In Chongqing, by June 2016, the accumulated returns totaled 35 billion RMB. This partly explains why the transition of agricultural land to construction land after 2010 has become so intense and manages to offset the unbalanced and polarized development in Chongqing.



The pursuit of spatial egalitarianism against uneven spatiality is rewarding. Yet, as China remains far from achieving agricultural mechanization, the loss of its rural workforce is detrimental to agricultural productivity and is likely to harm the cornerstone of food security and rural sustainability. In other words, without agricultural modernization and mechanization, sustainable conversion of agricultural land into construction land is difficult to achieve.



In sum, for a long time, Chongqing has acted as a focal point for administrative restructuring and territorial development, with a particular emphasis on urban-rural integration and the wellbeing of rural villagers. The rural-urban transformation, exemplified by the transition of agricultural land to construction land, properly displays the effects of a focused spatial ability of the state to fulfill the tasks of addressing inequality. The process captures a more ambitious picture of urban-rural integration to free up rural land for “optimally sized” family farms [53].
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	1
	
Spatial units for statistics are based on administrative divisions and adjustments after Chongqing upgraded to be a municipality directly administered by the central government.





	2
	
Scale 1, Scale 2, Scale 3, and Scale 4 in this table refer to the four scales in Figure 2.
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Figure 1. (a) Location of Chongqing in China; (b) Chongqing metropolis and its spatial structure. 
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Figure 2. The multiscale administration framework of Chongqing. Source: edited by the authors. 
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Figure 3. Evolution of Chongqing’s spatial development strategy: (a) the “Three Economic Zones” (3EZs) strategy; (b) the “Partition of Four Economic Zones (2003–2020)” strategy; (c) the “one circle, two wings” spatial strategy. Source: Chongqing Master Plans (1996–2020, 2003–2020, 2007–2020, 2011 revision); edited by the authors. 
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Figure 4. LULC maps in Chongqing (1980, 1990, 2000, 2010, 2015). Source: edited by the authors. 
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Figure 5. Spatiotemporal distribution of ACRa at the (a) district/county level and (b) town/village level in Chongqing (1980–2015). 
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Figure 6. Spatiotemporal variation of ALCI at (a) the district/county level and (b) village level in Chongqing (1980–2015). 
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Figure 7. The Lorenz Curves of ACRa in Chongqing at (a) the county/district and (b) village level during 1980–1990. 






Figure 7. The Lorenz Curves of ACRa in Chongqing at (a) the county/district and (b) village level during 1980–1990.



[image: Land 10 00275 g007]







[image: Land 10 00275 g008 550] 





Figure 8. The CVs of ACRa in Chongqing at (a) the county/district and (b) village level during 1980–2015. 
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Table 1. Statistics of LULC in Chongqing (unit: km2) (1980, 1990, 2000, 2010, 2015).
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	Land Use Types
	1980
	1990
	2000
	2010
	2015





	Agricultural land
	39,444.5
	39,272.2
	39,132.2
	38,007.1
	37,302.1



	Forest
	30,895.5
	30,947.0
	30,917.3
	31,459.0
	31,355.4



	Grass
	11,974.0
	11,949.8
	11,937.9
	11,610.8
	11,579.3



	Waters
	928.0
	921.6
	920.3
	1061.2
	1097.8



	Construction land
	427.1
	578.5
	761.6
	1534.8
	2338.5



	Unused land
	18.3
	18.2
	18.0
	14.4
	14.2
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Table 2. Source and flow of agricultural land changes in Chongqing during 1980–1990, 1990–2000, 2000–2010, and 2010–20151 (km2).






Table 2. Source and flow of agricultural land changes in Chongqing during 1980–1990, 1990–2000, 2000–2010, and 2010–20151 (km2).





	
Time Period

	
Flow of Conversion

	
Total

	
Forests

	
Grassland

	
Waters

	
Built-Up Land

	
Unused Land






	
1980–1990

	
Conversion to agricultural land

	
Value (km2)

	
33.83

	
23.32

	
7.51

	
0.94

	
2.06

	
0.00




	
  A  L  g a i n   i ,  j     (%)

	
100.000

	
68.931

	
22.192

	
2.782

	
6.096

	
0.000




	
Conversion from agricultural land

	
Value (km2)

	
206.04

	
73.05

	
9.89

	
0.68

	
122.40

	
0.02




	
  A  L  l o s s    i  , j    (%)

	
100.000

	
35.454

	
4.799

	
0.331

	
59.406

	
0.010




	
Net conversion

	
Value (km2)

	
−172.21

	
−49.73

	
−2.38

	
0.26

	
−120.34

	
−0.02




	
  A L  N  l o s s   i , j    (%)

	
100.000

	
28.878

	
1.382

	
-0.151

	
69.878

	
0.012




	
1990–2000

	
Conversion to agricultural land

	
Value (km2)

	
31.78

	
22.74

	
8.48

	
0.56

	
0.00

	
0.00




	
  A  L  g a i n   i ,  j     (%)

	
100.000

	
71.546

	
26.689

	
1.765

	
0.000

	
0.000




	
Conversion from agricultural land

	
Value (km2)

	
171.84

	
6.15

	
1.52

	
1.91

	
162.26

	
0.00




	
  A  L  l o s s    i  , j    (%)

	
100.000

	
3.580

	
0.885

	
1.110

	
94.425

	
0.001




	
Net conversion

	
Value (km2)

	
−140.06

	
16.59

	
6.96

	
−1.35

	
−162.26

	
0.00




	
  A L  N  l o s s   i , j    (%)

	
100.000

	
−11.844

	
−4.971

	
0.961

	
115.852

	
0.002




	
2000–2010

	
Conversion to agricultural land

	
Value (km2)

	
151.37

	
37.82

	
112.19

	
0.50

	
0.07

	
0.79




	
  A  L  g a i n   i ,  j     (%)

	
100.000

	
24.986

	
74.119

	
0.331

	
0.044

	
0.521




	
Conversion from agricultural land

	
Value (km2)

	
1276.52

	
361.73

	
137.14

	
71.48

	
706.17

	
0.00




	
  A  L  l o s s    i  , j    (%)

	
100.000

	
28.337

	
10.743

	
5.600

	
55.320

	
0.000




	
Net conversion

	
Value (km2)

	
−1125.15

	
−323.86

	
−24.95

	
−70.98

	
−706.10

	
0.79




	
  A L  N  l o s s   i , j    (%)

	
100.000

	
28.788

	
2.217

	
6.309

	
62.756

	
−0.070




	
2010–2015

	
Conversion to agricultural land

	
Value (km2)

	
0.09

	
0.01

	
0.00

	
0.00

	
0.08

	
0.00




	
  A  L  g a i n   i ,  j     (%)

	
100.000

	
6.494

	
2.597

	
0.000

	
90.909

	
0.000




	
Conversion from agricultural land

	
Value (km2)

	
705.07

	
0.00

	
0.32

	
19.92

	
684.84

	
0.00




	
  A  L  l o s s    i  , j    (%)

	
100.000

	
0.000

	
0.045

	
2.825

	
97.130

	
0.000




	
Net conversion

	
Value (km2)

	
−704.98

	
0.01

	
−0.32

	
−19.92

	
−684.76

	
0.00




	
  A L  N  l o s s   i , j    (%)

	
100.000

	
−0.001

	
0.045

	
2.825

	
97.131

	
0.000
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Table 3. A multiscale understanding of agricultural land conversion to construction land in Chongqing2.






Table 3. A multiscale understanding of agricultural land conversion to construction land in Chongqing2.





	
Periods

	
Characteristics of Agricultural Land Conversion to Built-Up Land

	
Policy Context and Mile Stone






	
1980–1990

	
Amount of the conversion

	

	
Volume (km2)/ratio

	

	
Chongqing city remains subordinated to Sichuan province



	
Most areas in the two wings later on were poverty-stricken without clear guidelines on development or conservation.









	
Scale 1

	
122.40/100%




	
Scale 2

	
MCA

	
ROHEC

	
NW

	
SW




	
23.86

	
23.07

	
55.58

	
19.89




	
19.5%

	
18.8%

	
45.4%

	
16.3%




	
(Un)evenness of spatial distribution

	

	
Gini

	
CV




	
Scale 3

	
0.491

	
0.923




	
Scale 4

	
0.941

	
3.181




	
1990–2000

	
Amount of the conversion

	

	
Volume (km2)/ratio

	

	
Upgrading Chongqing as the municipality directly occurred under the administration of the central government



	
The Western Development Strategy



	
Converting agricultural land to forest policy









	
Scale 1

	
162.26/100%




	
Scale 2

	
MCA

	
ROHEC

	
NW

	
SW




	
66.62

	
45.02

	
40.96

	
9.57




	
41.1%

	
27.8%

	
25.2%

	
5.9%




	
(Un)evenness of spatial distribution

	

	
Gini

	
CV




	
Scale 3

	
0.467

	
0.969




	
Scale 4

	
0.935

	
4.465




	
2000–2010

	
Amount of the conversion

	

	
Volume (km2)/ratio

	

	
Comprehensive reform experimental zones for coordinating urban and rural development



	
Land bill (dipiao) system reform









	
Scale 1

	
706.14/100%




	
Scale 2

	
MCA

	
ROHEC

	
NW

	
SW




	
354.57

	
296.27

	
41.75

	
13.55




	
50.2%

	
42.0%

	
5.9%

	
1.9%




	
(Un)evenness of spatial distribution

	

	
Gini

	
CV




	
Scale 3

	
0.639

	
0.691




	
Scale 4

	
0.933

	
4.597




	
2010–2015

	
Amount of the conversion

	

	
Volume (km2)/ratio

	

	
Approval and establishment of Liangjiang New Area



	
National central cities in China’s urban system









	
Scale 1

	
684.83/100%




	
Scale 2

	
MCA

	
ROHEC

	
NW

	
SW




	
44.08

	
38.56

	
76.36

	
42.55




	
44.1%

	
38.6%

	
11.1%

	
6.2%




	
(Un)evenness of spatial distribution

	

	
Gini

	
CV




	
Scale 3

	
0.466

	
0.987




	
Scale 4

	
0.882

	
3.181
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