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Abstract

:

Rural decline caused by rapid urbanization is a global issue, and village regrouping is an effective way to revitalize the countryside. The eastern plains of China (EPC) were the first regions to implement the policy of village regrouping in China. Despite being one of the most critical factors in village regrouping, home-field distances (HFDs) in these areas have received little attention. In this study, we selected 240 sample points in the EPC through spatial stratified sampling, each of which is a square of 10 × 10 km2. Based on high-resolution remote sensing images, the inter-regional differences of rural settlements and home-field straight-line distances (HFLDs) in the EPC were systematically analyzed. Based on the central place theory (CPT), the influencing mechanism of the HFLD, the maximum HFLD acceptable to farmers, and the reasonable number, distribution pattern, and service scope of central villages in the EPC were further explored. The results indicate that HFLDs in the EPC have significant latitude zonality and spatial autocorrelation. In the northeastern China plain (NECP), north China plain (NCP), and middle and lower reaches plain of the Yangtze River (MLPYR), the ranges of the maximum HFLD are 1000–4000 m, 500–2200 m, and 500–1500 m, respectively. The distribution pattern of rural settlements, the traffic conditions, and the vehicles used by farmers during periods of land development directly impact the HFLD. HFLDs in the EPC should not exceed 3.6–4.2 km (NECP can use the higher standard-4.2 km, NCP and MLPYR can use the lower standard-3.6 km), the service range of each rural settlement should not exceed 33.6–45.8 km2, and the number of rural settlements per 100 km2 should be greater than three. The rural settlements should be discretely distributed so that each piece of farmland can be tended. The MLPYR demonstrates the greatest potential for village regrouping, and the Chinese government should invest more funds in village regrouping and central village construction in the MLPYR. This study can provide a case study for developing countries in the urbanization phase, so as to improve the rationality of village regrouping planning.
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1. Introduction


The rural decline caused by rapid urbanization is a global issue [1,2]. Developed countries in Europe and North America have encountered this problem in the last century and have taken measures to solve it. For developing countries in Asia and Africa, due to the late start of urbanization, the decline in rural areas has begun to emerge in recent decades [1,3]. Taking China as an example, since the economic reforms were launched, China’s urbanization rate has grown from 17.9% in 1978 to 57.35% in 2016, at an average annual rate of 1% [4]. Every year, hundreds of millions of peasant workers—most of whom are young and fit—leave their hometowns for cities, which has brought about a large number of inner decaying villages [1,5].



On the basis of the experiences of developed countries, village regrouping is an effective way to revitalize the countryside [3]. In 1947, the British government enacted the Town and Country Planning Act and began to implement a “key settlement policy” that divides all rural settlements into two categories: expandable and non-expandable. The government focused on the development of expandable rural settlements while limiting non-expandable rural settlements [6]. Japan has implemented a municipal, town, and village mergers and dissolutions policy for 120 years. In 1970, Japan enacted the Act on Special Measures for Promotion of Independence of Underpopulated Areas to promote the regrouping and revitalization of villages in underpopulated areas [7]. Some developing countries have also carried out similar rural development strategies. Nigeria proposed a village regrouping strategy in its second national development plan (1970–1974) [8]. Tanzania pursued a villagization program that reorganized scattered homesteads into nucleated villages in the mid-1970s [9]. Similar rural development strategies have been proposed by other African countries, such as Zambia and Malawi [10,11]. In general, the implementation of village regrouping policies in African countries is not due to rural hollowing, but to reduce infrastructure construction costs.



Village regrouping provides the necessary threshold population that makes the location of certain socio-economic facilities, markets, and services viable by gathering the scattered homesteads to form nucleated villages [8]. However, the village regrouping process usually leads to a sudden increase in the distances between homes and fields (home-field distances (HFDs)) [9,12]. Sudden changes in HFDs have a profound influence on socio-cultural and welfare conditions of farmers, and these changes may constrain agricultural productivity and community development [9,12,13,14,15]. A sudden increase in HFDs caused by village regrouping has the following negative effects. (1) Generally, an excessively long HFD has a negative influence on yields by poorer husbandry, such as less weeding, less careful harvests, and lower application of manure [12]; (2) A sudden increase in HFDs usually leads to a reduction in time for domestic life. Particularly for female farmers, they have less time available for child care, food storage and preparation, domestic cleaning, and carefully tending cooking fires [12,16]; (3) An excessively long HFD may cause previously cultivated areas to abandoned farmland and revert to scrub. The ownership of farmland far from the villages may be concentrated in the hands of wealthy farmers with tractors and pickup trucks [9,17]; (4) One solution to the problem of long HFDs is to establish on-field shelters. Especially during periods of high demand for labor, farmers can live in temporary shelters without having to make daily home-field visits. However, there are drawbacks for farmers who use temporary shelters in distant fields, as they are denied access to better living conditions and basic services during their absence from the village [9].



At the local scale, the impact of HFD changes caused by village regrouping has received widespread attention from different researchers [3,8,9,12,15,17]. However, there have been relatively few studies on the inter-regional differences of HFDs and the causes of such differences. A small number of studies have indicated that the agricultural mechanization level is the main factor affecting the HFD, so HFDs in contemporary agricultural areas are usually greater than HFDs in subsistence agricultural areas [3,15,17]. In addition, how to incorporate HFDs into regional village regrouping planning is a problem that needs to be further explored. The central place theory (CPT) can provide a theoretical basis for solving this problem. CPT was proposed by the German geographer Walter Christaller in 1933 to explain the number, size, and location of human settlements in a residential system. This theory is considered to be one of the most important discoveries of geography in the 20th century [18]. Christaller studied the settlement patterns in southern Germany and asserted that settlements simply functioned as “central places” providing services to their hinterlands. Christaller’s theory assumes that central places are distributed over an unbounded isotropic, homogeneous, limitless surface. Movement across the plane is uniformly easy in any direction, transportation costs vary linearly, and consumers act rationally to minimize transportation costs by visiting the nearest location offering the desired good or service [19]. The central place of different levels can supply particular types of service forming levels of hierarchy. Settlements that provide more goods and services than other places are called higher-order central places. Lower-order central places provide goods and services that are purchased more frequently than higher-order goods and services. Each central place has its limited service range and population threshold, which is determined by the maximum travel distance that consumers can accept to obtain the goods and services. Therefore, higher-order places are more widely distributed and fewer in number than lower-order places [20]. The service scope of each settlement is usually similar to a hexagonal lattice, as it is the most efficient pattern to serve areas without any overlap. Thus, Christaller used the concepts of “threshold” and “range” to provide a top-down explanation for the emergence of a cascading system of central places (Figure 1) [19].



Farming may be viewed as a system of movements articulated around rural settlements. Each rural settlement has its own farming radius, and the farming radius is determined by the maximum home-field straight-line distance (HFLD) acceptable to farmers. The farming radius further determines the number and distribution of rural settlements. Therefore, according to the central theory, at the regional scale, village regrouping planning needs to address the following four issues about HFDs: (1) inter-regional differences of HFDs; (2) the influencing mechanism of such differences; (3) the maximum HFD acceptable to farmers in these regions; (4) the number, distribution pattern, and service scope of rural settlements to meet the farmers’ requirements for HFDs.



China is the largest developing country in the world. In 2017, the Chinese government began to implement a rural revitalization strategy, and village regrouping was chosen as an important means to promote the reconstruction of rural areas. The eastern plains of China (EPC) are the most developed and densely populated areas in China. The EPC are also one of the regions with a high level of land fragmentation and hollowing of rural settlements in China [21]. Moreover, the EPC were the first regions to implement the village regrouping policy in China. Shandong Province, located in the north China plain (NCP), has been implementing a pilot project of village regrouping since 2006. Despite being one of the most critical factors for village regrouping, HFDs in these areas have received little attention. Only a few studies have been conducted on a local scale. Hu Sun et al. investigated the maximum home-field straight-line distances (HFLDs) acceptable to farmers in Yucheng County, Shandong Province, China. The results showed that the maximum HFLDs acceptable to farmers were quite different (57% less than 1 km, 18% within 1–1.5 km, 24% greater than 1.5 km) [3]. Lijing Tang et al. analyzed the reasonable HFLDs of Yiyuan County in Shandong Province by establishing an HFLD calculation model. In this study, the weighted average speed of various types of vehicles used by farmers was used as a criterion for calculating the maximum HFLD. The results showed that the maximum HFLD in this area should not exceed 3.2 km [22].



In this study, we selected 240 sample points in the EPC through spatial stratified sampling, each of which is a square of 10 km × 10 km. Based on high-resolution remote sensing images, the inter-regional differences of rural settlements and HFLDs in the EPC were systematically analyzed through Euclidean distance analysis, hot spot analysis, and average nearest neighbor analysis. Moreover, the influencing mechanism of HFLD, the maximum HFLD acceptable to farmers, and the reasonable number, distribution pattern, and service scope of rural settlements in the EPC were further explored.




2. Materials and Methods


2.1. Study Area


The EPC consist of the northeast China plain (NECP), the NCP, and the middle and lower reaches plain of Yangtze River (MLPYR) (Figure 2). The NECP is the largest plain in China, with a total area of approximately 35 × 105 km2 (longitude 40°–48° N and latitude 118°–135° E). The NECP belongs to the continental monsoon climate. The average annual temperature is between −3 and 11 °C, and the accumulated temperature ≥10 °C is 2200–3600 °C. The average rainfall is 350–700 mm, mainly concentrated in July to September. The two main types of soil are black and chernozem, which are fertile and have strong water-holding capacities. The main crops in the NECP include rice, soybean, and maize [23].



The NCP is China’s second largest plain, with a total area of approximately 30 × 105 km2 (longitude 32°–40° N and latitude 114°–121° E). NCP is one of the most densely populated regions in the world. It is also the political and cultural center of China, and the national capital city (Beijing) is located at its northeast edge. The NCP is located in the warm temperate monsoon climate zone, and the four seasons change significantly. The average annual temperature is between 8 to 15 °C, and the accumulated temperature ≥10 °C is 3800–4900 °C. The average rainfall is 500–900 mm, mainly concentrated in July to September. The NCP is a high-yield agricultural area, and the main cropping system is a winter wheat-summer maize double-cropping rotation [24].



The MLPYR is the third largest plain in China, with a total area of approximately 20 × 105 km2 (longitude 27°–34° N and latitude 111°–123° E). The MLPYR belongs to the subtropical monsoon climate. The average annual temperature is between 14 to 18 °C, and the accumulated temperature ≥10 °C is 4500–6500 °C. The average rainfall is 800–1400 mm. Monsoon activities transport a very large amount of atmospheric moisture from the East and the South China Sea to the MLPYR, which is the region with the highest density of water networks in China. The main crop in the MLPYR is rice, and the rice planting area accounts for approximately 78% of the total crop area in the MLPYR. The NCP and MLPYR have some overlap in latitude, and the Huaihe River is the dividing line between them [25,26].




2.2. Data Sources and Methods


In this study, we selected a total of 240 sample points in the EPC (NECP-88; NCP-88; and MLPYR-64) through spatial stratified sampling. Each sample point was a square of 10 km × 10 km (Figure 2; Figure 3). First, the study area was divided into 1° × 1° (unit: longitude and latitude) grids (Figure 2c). Then, the number of sample points in each grid was determined based on the percentage of areas where the slope was less than 6° (≥70%, 3; 40–70%, 2; ≤40%, 1 or not).



The detailed calculation process of HFLDs in each sample point is as follows (Figure 3). (1) Extract the remote sensing image of each sample point by GIS (resolution, 1.85 m; coordinate system, Xi’an 80; time, 2017). The range of the remote sensing image was extended to 14 km × 14 km to ensure that each farmland can find its nearest rural settlement; (2) Extract the patches of rural settlements and farmland through visual interpretation. It was found through pre-experiment that interpretation software, such as Envi and Erdas, could not accurately distinguish farmland and rural settlement patches from other types of patches, such as grassland and road. Therefore, in order to increase the accuracy of interpretation, this study used a manual visual interpretation method. First, the remote sensing image of each sample point was imported into ArcGIS 10.2, and two shapefiles were created to vectorize the patches of farmland and rural settlements. In the process of vectorization, different people adopted a common interpretation standard (same coordinate system, code, etc.); (3) Calculate the straight-line distance from each farmland to its nearest rural settlement by the Euclidean distance analysis tool in ArcGIS 10.2. HFD can be divided into two types: HFLD and home-field path distance (HFPD). HFPD is more in line with farmers’ travel modes. HFLD makes it easier for planners to determine the service radius of each village. HFLD and HFPD can be calculated using the Euclidean distance tool and network analysis tool in ArcGIS, respectively. Since the calculation of HFPD requires the vectorization of roads, its calculation process is more complicated. From the perspective of serving the planner, and for the convenience of calculation, the Euclidean distance tool in ArcGIS 10.2 was used to analyze the HFLDs in the EPC; (4) Calculate the maximum HFLD and average HFLD at different sample points; (5) Identify whether the HFLDs in the EPC have global spatial autocorrelation, local spatial autocorrelation, and latitude zonality through spatial autocorrelation analysis, hotspot analysis, and correlation analysis, respectively; (6) Calculate the number, size, and distribution pattern of rural settlements at each sample point. The analysis methods used in this study were as follows.



2.2.1. Euclidean Distance Analysis


The Euclidean distance refers to the straight-line distance between two points in n-space [27,28]. The Euclidean distance used in HFLD analysis refers to the straight-line distance between farmland and its nearest rural settlement. The Euclidean distance analysis tool in ArcGIS 10.2 can be used to calculate the straight-line distance from the center of the source grid to the center of each surrounding grid [29]. In HFLD analysis, source grids and surrounding grids refer to rural settlements and farmland, respectively. The results of Euclidean distance analysis include Euclidean direction raster, Euclidean distance raster, and Euclidean allocation raster. The Euclidean direction raster contains the azimuth direction from each farmland to the nearest rural settlements. The Euclidean distance raster contains the straight-line distance from each farmland to its nearest rural settlements. Each grid in the Euclidean allocation raster is assigned the values of the rural settlements to which it is closest, as determined by the Euclidean distance algorithm (Figure 3).




2.2.2. Spatial Autocorrelation Analysis


The spatial autocorrelation tool in ArcGIS 10.2 was used to analyze whether the maximum and average HFLDs in the EPC showed global spatial autocorrelation. This tool evaluates the spatial autocorrelation by calculating the Moran’s I value, and further indicates the significance of the index by Z-values and P-values [30]. In general, the Global Moran’s Index is bounded by −1.0 and 1.0. A positive Moran’s I index value exhibits a tendency towards clustering (high values cluster near other high values, and low values cluster near other low values). A negative Moran’s I index value demonstrates a tendency towards dispersion (high values tend to be close to low values and repel other high values) [31]. If the Z-score is less than −2.58 or greater than +2.58 and the P-value is less than 0.01, then the confidence level (CF) is 99%. If the Z-score is less than −1.96 or greater than +1.96 and the P-value is less than 0.05, then the CF is 95% [32].



The Global Moran’s I index for spatial autocorrelation is given as (Equations (1) and (2)):


I=ns0∑i=1n∑j=1nωi,jzizj∑i=1nzi2



(1)






S0=∑i=1n∑j=1nωi,j



(2)




where zi is the deviation of an attribute (maximum and average HFLD) for sample point i from its mean (xi−X¯); ωi,j is the spatial weight between sample points i and j; n is equal to the total number of sample points; and s0 is the aggregate of all the spatial weights. ωi,j is determined by the distance between points i and j. Nearby neighboring points have a larger spatial weight on the computations for a target point than points that are far away (the nearest point has a spatial weight of 1, and the farthest point has a spatial weight of 0).




2.2.3. Hot Spot Analysis


The hot spot analysis tool in ArcGIS 10.2 was used to analyze whether the maximum and average HFLDs in the EPC showed a local spatial autocorrelation, as well as areas with high-value clustering or low-value clustering. In general, a sample point with a high/low value is not a statistically significant hot/cold spot. However, if it’s surrounding sample points also have high/low values, then this sample points can be identified as a statistically significant hot/cold spot [33,34]. The hotspot analysis tool calculates the local sum of a sample point and its adjacent sample points and then compares the calculation result with the sum of all the sample points. When the local sum is obviously different from the expected local sum, it is not a random result and produces a statistically significant Z-score. This tool calculates the Getis-Ord Gi* statistic for each sample points and the Getis-Ord Gi* statistic returned for each sample point is assigned to be a Z-score. For a statistically significant positive Z-score, the larger the Z-score is, the more intense is the clustering of high values (hot spot). For a statistically significant negative Z-score, the smaller the Z-score is, the more intense is the clustering of low values (cold spot) [35,36,37].



The Getis-Ord Gi* is given as Equations (3)–(5):


Gi*=∑j=1nwi,jxj−X¯∑j=1nwi,js[n∑j=1nwi,j2−(∑j=1nwi,j)2]n−1



(3)






X¯=∑j=1nxjn



(4)






S=∑j=1nxj2n−(X¯)2



(5)




where xj is the attribute value for feature j; wi,j is the spatial weight between feature i and j (same as spatial autocorrelation analysis); and n is equal to the total number of sample points.




2.2.4. Average Nearest Neighbor Analysis


The average nearest neighbor analysis measures the average distance between each rural settlement and its nearest neighbors. If the average distance is less than the average for a hypothetical random distribution, the distribution of the rural settlements being analyzed is considered to be clustered. If the average distance is greater than that of a hypothetical random distribution, the distribution of rural settlements is considered to be dispersed [38]. The average nearest neighbor index (ANN) can be used to identify whether the distribution of rural settlements is clustered or dispersed, and Equations (6)–(8) can be used for its calculation:


ANN=D¯OD¯E



(6)






D¯O=∑i=1ndin



(7)






D¯E=0.5n/A



(8)




where D¯O is the observed mean distance between each rural settlement and its nearest neighbor; D¯E is the expected mean distance for rural settlements given in a random pattern; di is equal to the distance between rural settlement i and its nearest neighbor. A is the area of the minimum enclosing rectangle around all rural settlements and n represents the total number of rural settlements. The average nearest neighbor tool can initiate five values: observed mean distance, expected mean distance, nearest neighbor index, Z-score, and P-value. If ANN is less than 1, the distribution of rural settlements in the study area is towards clustering. If ANN is greater than 1, the trend is towards scattered distribution. If the Z-score is less than −2.58 or greater than +2.58 and the P-value is less than 0.01, then the CF is 99%. If the Z-score is less than −1.96 or greater than +1.96 and the P-value is less than 0.05, then the CF is 95%.




2.2.5. Method of Calculating the Maximum HFLD Acceptable to Farmers


The suitable maximum HFLD in a certain area is affected by the commuting time acceptable to farmers, the transport modes used by farmers, and the conversion coefficient between the HFLD and HFPD [17]. The maximum HFLD is given as Equation (9):


R=V·T/k



(9)




where R is the maximum HFLD, m; V is the speed of vehicles used by the farmers when the field is far away and goods need to be transported, m/min; T is the longest commuting time acceptable to farmers, min; and k is the non-linear coefficient of the road network (HFPD/HFLD, dimensionless).




2.2.6. Calculation Method of the Maximum Service Scope and Number of Rural Settlements


According to CPT [18], the service scope of each settlement is usually similar to a regular hexagon, so the maximum service scope and number of rural settlements are given as (Equations (10) and (11)):


S=33R2000



(10)






N=100S



(11)




where S is the maximum service range of each rural settlement, km2; R is the maximum HFLD, m; and N is the number of rural settlements per 100 km2.




2.2.7. Historical Analysis of Land Development in the EPC


The formation of the distribution patterns of HFLDs and rural settlements is a long-term historical process. Thus, to illustrate the influencing mechanism of spatial differences of HFLDs and rural settlements in the EPC, the land development history in the EPC was analyzed.






3. Results


3.1. Distribution Pattern of HFLDs and Rural Settlements in the EPC


3.1.1. HFLDs in the EPC Demonstrate Significant Latitude Zonality


The results of Euclidean distance analysis show that the maximum and average HFLDs in EPC are less than 4000 m and 1500 m, respectively. Both the maximum and average HFLDs demonstrate a significant positive correlation with latitude (Figure 4). In the NECP area, the range of maximum and average HFLDs are 1000–4000 m and 400–1050 m, respectively. Approximately 80.3% of farmland is located within 1000 m of the nearest rural settlement, and 2.7% of farmland is located more than 2000 m away. In the NCP area, the ranges of the maximum HFLD and the average HFLD are 500–2200 m and 250–500 m, respectively. Approximately 96.6% of farmland is located less than 1000 m away from the nearest rural settlement, and only 0.1% of farmland is located more than 2000 m away. The ranges of maximum and average HFLDs are 500–1500 m and 100–400 m, respectively in the MLPYR, and 99.6% of farmland is located less than 1000 m away from the nearest rural settlement (Figure 5, Table 1).




3.1.2. HFLDs in the EPC Demonstrate Significant Spatial Autocorrelation


The spatial autocorrelation analysis result for the average HFLD illustrates that the Global Moran’s I index is 0.663980; the Z-score is 28.27; and the P-value <0.01. The spatial autocorrelation analysis result for the maximum HFLD demonstrates that the Global Moran’s I index is 0.577916; Z-score is 24.57; and P-value <0.01. The average and maximum HFLDs in the EPC exhibit significant spatial autocorrelation. The results of hot spot analysis indicate that the hot spot area with CF greater than 99% is mainly located in the northern area of the NECP, and the cold spot area with CF greater than 99% is mainly located in the southern area of the NCP and the northern area of the MLPYR (Figure 6).




3.1.3. Rural Settlements in the EPC Present Significant Spatial Differences


The average patch number of rural settlements in the NECP, NCP, and MLPYR is 34.8, 69.1, and 214.4 per 100 km2, respectively. The average patch area of rural settlements in the NECP, NCP, and MLPYR is 21.4, 25.5, and 7.0 hm2 per 100 km2, respectively (Figure 7). The results of hot spot analysis indicate that the central and southern parts of the MLPYR demonstrate the largest average patch number and smallest patch area of rural settlements, illustrating that this area has the highest fragmentation level of rural settlements. In addition, the regions with the largest average patch area of rural settlements are located in the northern parts of the NCP (99% CF) and NECP (95% CF); the areas with the smallest average patch number are also located in the northern parts of the NCP (95% CF) and the NECP (99% CF), demonstrating that these areas have the lowest fragmentation levels of rural settlements (Figure 8).




3.1.4. Rural Settlements in the EPC Demonstrate a Discrete Distribution


The results of the average nearest neighbor analysis indicate that more than 95% of the sample points exhibit an ANN greater than 1; Z-score greater than 2.58; and P-value less than 0.01, illustrating that rural settlements are usually discretely distributed in the EPC (Figure 9).





3.2. Mechanism of North-South Differences of HFLDs and Rural Settlements


The northern part of the NECP is called the “Great Northern Wilderness”. During the Qing Dynasty (1636–1912), the Qing government forbade Han people to access the NECP area, and this action made the “Great Northern Wilderness” sparsely populated. In the 1950s, the “Great Northern Wilderness” witnessed a period of large-scale development as thousands of demobilized soldiers, intellectual youth, and revolutionary cadres responded to the call of the country and established a large number of state-owned and military farms. This area is flat, fertile, and sparsely populated. At the beginning of land development, tractors were the main tillage and transportation tools. Therefore, this area demonstrates the greatest HFLD and the lowest density of rural settlements in the EPC [39,40,41].



Land development occurred relatively early in the southern part of the NECP. Between 1653 and 1668, the Qing government encouraged people to carry out land development, and the development area was mainly located in Liaoning Province (Figure 2). Although the Qing government banned the development of the NECP after 1668, the farmland area in Liaoning Province has continued to increase significantly. In contrast, during the same period in Jilin and Heilongjiang Provinces (Figure 2), only local development was carried out, resulting in a desolate scene overall. The Qing government’s ban on the NECP has undergone a gradual release process, from the partial opening in 1860 to the full opening after the Sino-Japanese War (1894–1895). Then, large-scale land development began in the Liaoning, Jilin, and the southern part of Heilongjiang Provinces, and gradually pushed from the south to the north. By the end of the Qing Dynasty, land development in the southern part of the NECP had nearly completed, and the distribution pattern of farmland and rural settlements had basically taken shape [39,40,41].



The NCP belongs to the warm temperate monsoon climate, and the four seasons change significantly so that this area is suitable for living. The main soil in the NCP is loess, so crops survive easily, and weeds are easy to remove. Before the Song Dynasty, the NCP was one of the most developed agricultural areas in China. Due to frequent wars, natural disasters, and ecological destruction during the Song (960–1279), Jin (1115–1234), and Yuan (1271–1368) Dynasties, agriculture severely declined in the NCP. On this basis, agriculture in the NCP experienced restoration and development during the Ming Dynasty (1368–1644). In the Qing Dynasty, the NCP developed into an important food production area in China [39,41,42]. Therefore, the pattern of farmland and rural settlements in the NCP basically took shape during the Ming and Qing dynasties. At that time, walking, carriages, and carts were the main ways for farmers to travel in the NCP and the southern part of the NECP. The farmers had a limited tillage range, and the maximum HFLD was usually 1–2 km. On the other hand, the NCP is a semi-arid climate zone. There are few rivers, and the groundwater level is generally deep. Wells cannot be drilled everywhere, and dispersed living is not conducive to fetching water at a fixed location. Therefore, rural settlements in the NCP demonstrate a lower fragmentation level [39].



China’s economic center gradually moved from the NCP to the MLPYR after the Tang Dynasty (618–907). Until the Southern Song Dynasty (1127–1279), the economic development of the MLPYR significantly exceeded that of the NCP. The Yangtze River basin was further developed during the Ming and Qing dynasties, and the land development in the MLPYR was basically completed. Furthermore, due to the low-lying terrain, dense river network, and high viscosity soil, a network of transportation roads was difficult to establish. Farmers had to rely on water systems to build a scattered distribution pattern of rural settlements during the land development process in the MLPYR. As the main mode of transportation, ship, is slow, it made the farmers’ travel range relatively limited [39,43,44]. Therefore, HFLDs in the MLPYR are shorter than those in the NCP and NECP.



From the perspective of the land development history in the EPC, the distribution pattern of rural settlements, the traffic conditions, and the vehicles used by farmers during periods of farmland development directly impact the HFLD. Climate, soil, policies, and other factors have an indirect impact on the HFLD by affecting the traffic conditions and the distribution of rural settlements.




3.3. Maximum HFLD Acceptable in the EPC


The maximum commuting time per trip acceptable to farmers in the EPC usually does not exceed 20 min [45,46]. In the EPC, alternative travel modes for farmers include large and medium tractor, small tractor, walking tractor, motorcycle, electric tricycle, electric bicycles, tricycle, bicycle, and walking [45,46,47]. When a field is far away and goods need to be transported, farmers often choose the tractor and electric tricycle as their transport modes (sowing or harvesting season-tractor; daily transportation-electric tricycle) [48]. The speed of an electric tricycle is generally higher than that of a tractor. Therefore, the speed of a tractor was used as the standard for calculating the maximum HFLD in the EPC, and this standard can also meet the needs of electric tricycle users. The average speed of a tractor on rural roads is 15 km/h [46].



As shown in Figure 10, the road network in the EPC is usually grid-shaped, and points A, B, E, and D have the longest HFLD and HFPD values. HFPD/HFLD is equal to 1.366. However, the road network in the EPC is not a standard grid network, and the range of the non-linear coefficient is 1.2–1.4 [43]. Therefore, we selected a non-linear coefficient equal to 1.2 and 1.4, respectively, to calculate the range of the suitable maximum HFLD in the EPC. The results prove that HFLDs in the EPC should not exceed 3.6–4.2 km. The maximum HFLD exceeds 4 km in some parts of the NECP, so the suitable maximum HFLD in the NECP can use the higher standard (4.2 km). The current maximum HFLDs in the NCP and MLPYR are 2200 m and 1500 m, respectively. Therefore, these two regions can use the lower standard (3.6 km).




3.4. Number, Distribution Pattern, and Service Scope of Rural Settlements


The results indicate that the service range of each village should not exceed 33.6–45.8 km2, and the number of villages per 100 km2 should be greater than three. To ensure that each piece of farmland can be tended, the rural settlements should be discretely distributed after village regrouping. The HFLDs and the service ranges of rural settlements in different regions can be reduced according to the population and traffic conditions; at the same time, the number of rural settlements should be increased.





4. Discussion


4.1. Comparison of This Study with Similar Studies


The northern part of the NECP is the largest contemporary agricultural region and the region with the highest level of agricultural mechanization in the EPC. This region also has the largest HFLD in the EPC. Therefore, the distribution characteristic of HFDs in the EPC is consistent with related studies (“HFDs in contemporary agricultural areas are usually greater than HFDs in subsistence agricultural areas”) [3,15,17]. However, in our opinion, the formation of the distribution pattern of HFLDs is a long-term historical process. Therefore, in areas where large-scale village regrouping has not yet taken place, the current agricultural mechanization level is not the major factor. From the perspective of the land development history in the EPC, the distribution pattern of rural settlements, the traffic conditions, and the vehicles used by farmers during periods of farmland development directly impact the HFLD.



There are two methods for determining the maximum HFD acceptable to farmers: the questionnaire method and the model calculation method. If we directly investigate the maximum HFD acceptable to farmers, the survey results of different farmers are quite different as farmers cannot accurately understand the concept of the HFD [3]. However, their comprehension of commuting time is much more accurate. Therefore, it is more reasonable to calculate the maximum HFD acceptable to farmers by investigating the maximum commuting time acceptable to farmers and the speed of the vehicles used by the farmers. In addition, farmers usually use a variety of vehicles. Therefore, another issue is which vehicle to choose as the standard for calculating the suitable maximum HFD. Unlike related studies (“the weighted average speed of various types of vehicles used by farmers was used as a criterion for calculating the maximum HFD”) [22], in this study, the vehicles used by farmers when a field is far away and goods need to be transported were selected as the calculation standard for the maximum to ensure that the commuting needs of farmers can be met under any condition.




4.2. Implications for Policy-Making of Village Regrouping


The basic principle of village regrouping is defined as “promote small and micro rural settlements gathering to large and medium-sized rural settlements with good infrastructure and convenient transportation; at the same time, keep the HFDs within an acceptable range” [17]. Therefore, village regrouping has great potential in a specified area if the fragmentation level of rural settlements is relatively high and the current HFLDs are relatively short. The MLPYR exhibits the highest fragmentation level of rural settlements and the shortest HFLDs; the NECP demonstrates the lowest fragmentation level of rural settlements and the longest HFLDs. It is clear that these two areas have the greatest and least potential for village regrouping, respectively. Therefore, the Chinese government should invest more funds in village regrouping and central village construction in the MLPYR. In addition, rural development policy makers and rural planners in the EPC should prepare guidelines for village regrouping planning that include the following items: current HFDs in different regions; maximum HFD acceptable to farmers; the appropriate number, distribution pattern, and service scope of rural settlements in different regions.




4.3. Limitations and Prospects of This Study


This study can provide a case study for developing countries in the urbanization phase to improve the rationality of village regrouping planning at the regional scale. However, this study has the following deficiencies: (1) Considering that the administrative boundaries of villages need to be re-delineated after village regrouping, the influence of administrative boundaries is neglected in the calculation of HFLDs; (2) The maximum HFLD acceptable to farmers calculated in this study is a theoretical maximum value, and no specific HFLD is proposed for the actual traffic conditions in different regions; (3) The calculation of village regrouping potential in different regions needs to comprehensively consider topography and landforms, traffic conditions, distribution of farmland, administrative boundaries, inter-regional economic and cultural differences, and other factors. This article only provides a qualitative analysis from the perspective of the HFLD and does not consider other factors. Therefore, follow-up studies need to consider a variety of factors to explore the suitable maximum HFLD and village regrouping potential in different regions.





5. Conclusions


HFLDs in the EPC demonstrate significant latitude zonality (NECP > NCP > MLPYR) and spatial autocorrelation. In the NECP, NCP, and MLPYR, the ranges of the maximum HFLD are 1000–4000 m, 500–2200 m, and 500–1500 m, respectively. The distribution pattern of rural settlements, the traffic conditions, and the vehicles used by farmers during the periods of farmland development directly impact the HFLDs in the EPC. Climate, soil, policies, and other factors have an indirect impact on the HFLDs by affecting the traffic conditions and the distribution of rural settlements.



HFLDs in the EPC should not exceed 3.6–4.2 km (NECP can use the higher standard-4.2 km, NCP and MLPYR can use the lower standard-3.6 km). The service range of each village should not exceed 33.6–45.8 km2, and the number of villages per 100 km2 should be greater than three. The rural settlements should be discretely distributed after village regrouping so that each piece of farmland can be tended. The MLPYR demonstrates the greatest potential for village regrouping, and the Chinese government should invest more funds in village regrouping and central village construction in the MLPYR. This study can provide a case study for developing countries in the urbanization phase, so as to improve the rationality of village regrouping planning.
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Figure 1. A typical central place theory (CPT) hierarchy of hexagonal service areas (this figure is a reproduction of Figure 1, on page 409 of Mulligan, G.F 2012) [19]. 
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Figure 2. Location of study area and distribution of sample points. (a) Location of China; (b) location of the study area in China; (c) distribution of sample points. NECP—northeastern China plain; NCP—north China plain; MLPYR—middle and lower reaches plain of the Yangtze River. 
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Figure 3. Flow chart of the home-field straight-line distance (HFLD) calculation based on the Euclidean distance analysis tool. 
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Figure 4. Correlation analysis between the average home-field straight-line distance (HFLD), maximum HFLD, and latitude in the eastern plains of China (EPC). 
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Figure 5. Average and maximum home-field straight-line distances (HFLDs) in the eastern plains of China (EPC). NECP—northeastern China plain; NCP—north China plain; MLPYR—middle and lower reaches plain of the Yangtze River. 
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Figure 6. Hot spot analysis results for the average and maximum home-field straight-line distances (HFLDs) in the eastern plains of China (Note: CF is confidence level). 
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Figure 7. Average patch number and area of rural settlements in the eastern plains of China (EPC). NECP—northeastern China plain; NCP—north China plain; MLPYR—middle and lower reaches plain of the Yangtze River. 
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Figure 8. Hot spot analysis results of the average patch number and area of rural settlements in the eastern plains of China (Note: RS is rural settlements; CF is confidence level). 
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Figure 9. Average nearest neighbor analysis results for rural settlements in the eastern plains of China (EPC). 
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Figure 10. Farmers’ travel modes and travel routes in the eastern plains of China (EPC) when a field is far away and goods need to be transported. HFPD—home-field path distance; HFLD—home-field straight-line distance. 
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Table 1. Percentage of farmland in different distances from the nearest rural settlement in the eastern plains of China (EPC).
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	Plains/Distance
	0–0.5 km
	0.5–1 km
	1–1.5 km
	1.5–2 km
	>2 km





	NECP
	45.8%
	34.5%
	12.6%
	4.5%
	2.7%



	NCP
	74.3%
	22.3%
	3.0%
	0.3%
	0.1%



	MLPYR
	92.1%
	7.5%
	0.4%
	0.0%
	0.0%







Note: NECP—northeastern China plain; NCP—north China plain; MLPYR—middle and lower reaches plain of the Yangtze River.
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