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Population migration brings about many problems in villages. The Ji (几)-shape bend of the Yellow River is an important ecological sensitivity study area, and some progress exists in the study of villages, still has many problems. This article addresses the inadequacy of the existing research and mainly solves the problems in three areas. It primarily used the research method of Arc GIS10.8, the big data research methods such as imbalance index, Gini coefficient, geographic concentration index, Geodetector, and other methods were used, laying the groundwork for additional analysis of various factors. Hence, the subsequent study findings were attained. 1) The distribution pattern in the village system around the Ji-shape bend of the Yellow River seems to be a positive spatial correlation, with the characteristics of random distribution, uneven spatial distribution, and low concentration, with Hohhot-Baotou serving as a center. 2) Natural factors are the most important factors in the distribution of villages. 3) Among the natural factors, elevation (0.244619), the value of slope (0.319805), and the aspect of slope (0.074089) appear to be the strongest explanatory power. Among the social factors, the rate of urbanization (0.019082), highway density (0.019082), and percentage of tertiary industry (0.018422) show the strongest explanatory power on socioeconomic factors. The natural and social characteristics of villages are important for the siting of villages. This paper put forward some suggestions for the protection and development of villages in ecologically sensitive areas.
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1 INTRODUCTION
Understanding the clustering features and current distribution of villages and reasonably determining their layout and scale play a crucial role in coordinating urban and rural development space (Yang et al., 2023). With an increasing number of people relocating from rural to urban regions, it has resulted in societal issues including waste of land resources, ecological deterioration, and climate change (Liu and Xu, 2021; Zhang et al., 2024a). The changes in land use brought about by urbanization (Ul Din and Mak, 2021) have led to changes in the human settlements (Ye et al., 2022) and the ecological environment (Wang et al., 2024; Xie et al., 2024; Xu et al., 2020), profoundly affecting local, regional, and global development. The environment has also been degraded as a result of unplanned developmental activities, unchecked resource extraction, and accelerated rates of land-use and land-cover issues (Ramachandra et al., 2020). The sustainable development of villages is severely hampered by these issues.
The Yellow River originates in the Bayankala Mountains in Qinghai Province, China. The basin covers an area of approximately 795,000 square kilometers (307,000 square miles) and includes parts of nine provinces and autonomous regions. Traffic is highly variable, with large seasonal fluctuations. There are mainly alluvial soil, desert soil and ash soil, each of which has its own management challenges. In 2009, scientists from the Chinese Academy of Sciences first proposed the concept of the “Ji-shape bend of the Yellow River.” The “Strategic Concept for the Development of the Ji-shape Bends of the Yellow River” was submitted to the federal government in 2011 by the Regional Development Committee of the National Innovation and Promotion Commission and was subsequently approved. The 2019 concept of “ecological protection and high-quality development of the Yellow River Basin” offers a new strategic framework for planning (Du, 2023). This region is characterized by a diverse population, including ethnic minorities, as well as typical pastoral and agricultural areas, regions of extreme poverty, and areas rich in energy resources. Due to its low ecological carrying capacity and somewhat delicate ecological environment, the region has limited ability to adjust to changing climate conditions. The Yellow River Basin is a complex system where river dynamics, landforms, human settlements, climate factors, and anthropogenic activities are deeply interconnected. Rivers shape landforms and influence settlement patterns, while land use and human activities impact river systems and soil conditions. Climate variability and change affect water availability and agricultural productivity, while human actions such as deforestation, urbanization, and pollution interact with these environmental factors.
Ecologically sensitive areas refer to ecosystems’ responses to environmental changes caused by internal and external factors (Yilmaz et al., 2020). Today, environmental and resource issues have become serious challenges facing developing countries (Bai et al., 2016). These challenges include atmospheric pollution (Guo et al., 2015), carbon sequestration issues (Lal, 2005), soil pollution (Brookes, 1995), water pollution (Moss, 2008), and biodiversity loss (Pollock et al., 2020), among others. China has implemented policies to mitigate environmental damage. However, there are still environmental protection issues in ecologically sensitive areas. As a crucial factor in river basin development, the Yellow River represents an important target for environmental protection efforts. The Yellow River Basin in Inner Mongolia features several ecologically sensitive areas, including the Loess Plateau, floodplain regions, desert and semi-arid zones, highland areas, and protected nature reserves. These areas face challenges such as soil erosion, desertification, flooding, water scarcity, and biodiversity loss. Effective management and conservation efforts are essential to address these challenges, involving strategies like soil conservation, flood control, water management, habitat preservation, and strict protection measures. Ensuring the health of these ecologically sensitive areas is crucial for maintaining the overall environmental balance and supporting both natural ecosystems and human communities.
On the other hand, studies in humanities, politics, economics, society, and energy can be applied to the study of villages (Nash, 2013; Valera and Guardia, 2002; Chang and Wang, 1994; Hu and Wang, 1998). In the field of architecture, there are mainly the following aspects. 1. Research on the spatial form of villages (Nie et al., 2022; Zhu and Liu, 2023). 2. Research on the landscape of villages (Daoyong et al., 2020; Kowkabi, 2020). 3. Research on the factors that affect land use and how villages evolve spatially (Chen J. et al., 2021; Chen Z. et al., 2021). 4. Research on village protection (Wang and Zhu, 2022; Li, 2015). 5. Research on natural climate (Ogura et al., 2007; Hasegawa et al., 2007). Furthermore, in terms of research topics, some academics concentrate on the village environment (Xiao et al., 2022), local culture (Parameswara and Wulandari, 2020), and the evaluation system (Kim et al., 2014). In terms of research scope, some scholars have conducted certain research on the research area, like countries (Bian et al., 2022), provinces (Gao et al., 2023), cities (Lin and Ma, 2023), areas (Jin et al., 2022) and poverty-stricken regions (Mohammadi Yegane et al., 2014; Marcinko et al., 2022). There is a qualitative study on assessment systems in terms of research methodologies (Wang et al., 2020) and development strategies (Sebayang et al., 2019), as well as quantitative research using SPSS (Wang et al., 2020), ArcGIS (Adi and Suhartono, 2017), and space syntax (Lee et al., 2004). In addition, there are macro-level studies on such aspects, as well as micro-level studies on villages (Jia et al., 2023), and other studies on interactions with other factors (Momose, 2002; Kim et al., 2018). In summary, the research on villages has developed to multiple levels and fields, but there are still certain defects. On the one hand, there are few studies at the river basin level, and on the other hand, there are relatively few studies on ecologically sensitive areas. Past studies have only focused on single factors such as climate and land, and lacked comprehensive research on multiple factors.
In terms of the distribution of villages and their influencing factors, there are many analyses of the distribution characteristics of traditional Chinese villages and their influencing factors (Su et al., 2022; Bian et al., 2022), along with many analyses on the distribution factors of traditional villages in provinces (Yang et al., 2023). One example is an analysis of the spatiotemporal evolution characteristics and impacts of traditional villages in the Yellow River basin in Henan (Feng et al., 2023). In terms of methods, most of them are analyzed using techniques such as kernel density analysis, nearest neighbor index, Geodetector, imbalance index, spatial autocorrelation analysis, and others. These methods reveal the spatiotemporal features and geographical heterogeneity of villages, illustrating the interdependent interaction between the natural environment and human activities, exposing both internal and external driving forces, as well as macro-level determinants of development and renewal (Bian et al., 2022). Innovative urban development, livability, and smart cities play crucial roles in the development of villages (Chi and Mak, 2021; Zhang, 2022; Myeong et al., 2018). Social factors such as urbanization, transportation, GDP, and population, as well as natural factors such as topography, hydrology, ecology, and climate, influence the emergence, geographical distribution, development, and changes of villages (Gao et al., 2023).
Village research has advanced across a variety of domains and levels so far (Li et al., 2023). However, issues such as unequal research focus and reliance on single research techniques persist, largely due to specific regional disparities. Geographically speaking, most studies on villages were conducted in larger, more developed coastal towns and major cities (Zhang and Wang, 2023; Xiaoyue et al., 2022), and studies focusing on specific administrative units (Qianting et al., 2022) are more common, but research on river basins is scarce, with even fewer studies focusing specifically on the Yellow River Basin (Feng et al., 2023; Xu et al., 2023). A systematic comparison and selection of research parameters remain incomplete, particularly concerning the research substance. Since cities and villages differ significantly and these variations are strongly influenced by natural and human environments (Qianting et al., 2022). From a research standpoint, the majority of studies have concentrated on ecological villages and very few explicitly address villages in environmentally vulnerable locations (Mahlabani et al., 2016; Niren, 2003), research on villages in ecologically fragile areas is limited, with case studies often focusing primarily on factors influencing the distribution of traditional villages (Liu et al., 2023; Zhang, 2022). This study aims at the deficiencies in the existing research fields and adds research on specific realms. At the same time, it also conducts related research on ecologically sensitive areas. The objective is to provide an overview of urban planning and environmental protection implications in these areas.
Precisely identifying the various living and working areas within villages is crucial for their protection, management, and zoning (Zhang et al., 2023). This approach can also help reveal the natural resources and land use conditions of individual villages. This article have addressed three questions: 1. What is the distribution of villages around the Ji-shape bend of the Yellow River? 2. What are the influencing factors? 3. What laws and procedures are in place to safeguard villages, and how can villages be protected? Using data from 5,409 villages around the Ji-shape bend of the Yellow River in Inner Mongolia, this paper aims to analyze spatial distribution characteristics, summarize factors affecting climate change, precipitation, and temperature, and use ArcGIS 10.8 and other techniques to investigate ecologically sensitive villages in the region. The study seeks to reveal the development patterns of these villages, objectively analyze their current development dynamics and trends, clarify existing research conclusions, and deepen the understanding of future development patterns. Additionally, the findings have reference value for protecting traditional villages, classifying traditional villages, and informing China’s rural revitalization strategy.
2 RESEARCH AREA AND RESEARCH METHODS
2.1 Study area
The study area primarily encompasses the Ji-shape bend of the Yellow River, which is located in the central and western part of Inner Mongolia. Ji-shaped bend in the Yellow River Basin presents a unique combination of geomorphological and climate characteristics. Its proximity to the Yellow River shapes its landscape through sediment deposition and erosion. The area experiences significant seasonal climate variations, with implications for water resources and agricultural productivity. The Inner Mongolia Yellow River region is very different from other regions in terms of topography, climate, soils, and land use. The Inner Mongolia Yellow River region is known for its unique geomorphic features, including loess and dynamic river systems. The climate is characterized by extreme seasonal variations and low precipitation, affecting agriculture and water resource management. Soil characteristics pose challenges due to erosion and potential desertification. Human settlements and land use are closely related to the river and its resources, and traditional practices are adapted to the environment. The geographical and social factors within the region are complex. The natural environment has significantly influenced the establishment of towns. The research shows that many civilizations historically relied on rivers for sustenance and expansion. Gathering water is one of the main factors that promotes population expansion and the development of a unique village culture. The distribution of villages and water systems are strongly correlated, as several studies have shown. The majority of villages are located near water flows and exhibit considerable hydrophilicity (Gao et al., 2023; Fu et al., 2021).
The northern area of the Ji-shape bend is a complex ecological zone, with the highest number of villages around the Yellow River Basin. In addition, due to its unique geographic location, this area features a diverse range of landscapes, including grasslands, mountains, and deserts. The study focuses on the Ji-shape bend of the Yellow River in Inner Mongolia, covering the regions of Alashan, Wuhai, Bayannaoer, Hohhot, and Baotou, along with their subordinate districts and counties. The variation in geographical locations results in different village characteristics, allowing for a more comprehensive examination of village types, making village research more comprehensive (Table 1), in total, the study analyzed 5,409 villages in the surrounding areas (Figure 1).
TABLE 1 | The distribution area of villages around the Ji-shape bend of the Yellow River.
[image: Table 1][image: Figure 1]FIGURE 1 | Spatial distribution map of villages around the Ji-shape bend of the Yellow River in Inner Mongolia.
2.2 Data sources
Village patches were treated as point elements. Geographic positions were identified and calibrated using Google Earth. The coordinates of these points were then obtained and imported into ArcGIS 10.8 for vectorization processing. Using the geospatial data cloud platform, we downloaded the 30-m resolution digital elevation model (DEM) data for Inner Mongolia and extracted slope and elevation data. Administrative borders and physical geographic data were sourced from the national 1:4 million basic geographical information database. Socioeconomic information for each city and county was obtained from the “Inner Mongolia Autonomous Region’s 2022 Statistics Yearbook” (Table 2).
TABLE 2 | The distribution area of villages around the Ji-shape bend of the Yellow River.
[image: Table 2]2.3 Methods
This study used big data methods of the nearest neighbor index, spatial autocorrelation analysis, coefficient of variation, imbalance index, Gini coefficient, geographic concentration index, kernel density analysis, and Geodetector methods. Nearest Neighbor Index: Used to assess the degree of spatial distribution balance. Spatial Autocorrelation Analysis: Applied to evaluate spatial dispersion. Imbalance Index: Employed to investigate the extent of spatial dispersion. Gini Coefficient: Utilized to measure spatial dispersion. Geographic Concentration Index: Analyzed to understand the concentration of village distribution. Kernel Density Analysis: Used to assess the probability of an event occurring based on spatial distribution. Geodetector: Applied to identify driving factors influencing the spatial distribution. The overall analysis aims to perform overlay and linear regression to identify contributing factors. By using these geographical spatial analysis methods, the spatial characteristics of villages in Inner Mongolia are analyzed.
2.3.1 Imbalance index
The imbalance index measures the degree of harmony in the allocation of research items across different levels or fields (Li et al., 2020). In this study, it was used to quantify how evenly villages are distributed across various counties and cities. The imbalance index was calculated using a procedure similar to that used for the concentration index in the Lorenz curve Equation 1:
[image: image]
The number of regions is denoted by n, and the i-th position’s cumulative percentage is shown by [image: image]. The cumulative percentage for each region is ranked from largest to smallest based on the proportion of a certain study object. The imbalance index’s range S ranges from 0 to 1. S = 1 if villages are dispersed equally throughout each region.
2.3.2 Gini Coefficient
In geography, the Gini coefficient is a useful tool for evaluating the spatial distribution of dispersed zones and regional geographical characteristics (Xu et al., 2021). It was used in this article to calculate the regional village distribution around the Ji-shape bend of the Yellow River in Inner Mongolia. The equation used to calculate the Gini coefficient is Equations 2, 3:
[image: image]
[image: image]
The equation takes N as the number of regions, C as the evenness of distribution, and [image: image] as the proportion of villages covering the i-th area to all villages in the region. The Gini coefficient theoretically ranges from 0 to 1. Higher values of the Gini coefficient indicate a greater degree of concentration.
2.3.3 Geographic concentration index
The GCI quantifies the extent to which villages are concentrated in specific geographic areas (Yang et al., 2023). The following is the calculating Equation (4):
[image: image]
[image: image] is the number that the i-th prefecture-level city possesses, T represents all of Inner Mongolia’s villages, while n denotes all of the prefecture-level cities. The GCI value ranges from 0 to 100. A higher GCI value indicates greater concentration of villages. The dispersion of villages is more widely distributed the lower the G value. The villages are considered concentrated when [image: image] if [image: image]; otherwise, they are more dispersed.
2.3.4 Geodetector
The Geodetector is used to detect the heterogeneity of geographical data and reveal its underlying causes (Wang and Xu, 2017; Zhang et al., 2024a). This approach assumes that the independent variables should have comparable geographical distributions if they significantly affect the dependent variable.
2.3.4.1 Factor detection
In this study, the Geodetector was used to analyze the spatial distribution of the data Y and assess the extent to which each factor contributes to spatial differentiation (Zhang et al., 2024b). The degree of explanation was expressed by the q value, which had a range of 0–1. The explanatory factor for the geographical divergence increases with increasing value. The following is the calculating Equation (5):
[image: image]
Each factor’s explanatory capacity for spatial differentiation is denoted by q, the number of layers in each factor is represented by L, and N stands for the total number of samples. Nevertheless, the quantity of samples within the factor partition is shown by [image: image], the total sample variance is represented by [image: image], and the sample variance within the factor area is represented by [image: image].
2.3.4.2 Interaction detection
Determining whether two factors are independent of one another if they increase or decrease the dependent variable Y’s explanatory power when combined, or to assess how several factors interact. The evaluation factors are X1 and X2 (It can be found in 3.10.2). The judgment method was to compare the factor detection q value of the new layer formed by the superposition of two factors X1 and X2 with the q value of the single factor detection result. The particular evaluation standards are shown in Table 3.
TABLE 3 | Interaction detection criteria.
[image: Table 3]3 RESULTS
The factors were divided into two aspects: natural and social factors. For natural factors, topographic features, elevation, slope, slope direction, and hydrological features, including precipitation and temperature in climate. For the social factors, transport and demographic factors were considered, including GDP, the rate of urbanization, and the proportion of the tertiary industry for economic factors, as well as history and cultural heritage for human factors. The selection of these factors was made after comparing them with those used by previous scholars (Li et al., 2023).
3.1 Natural geographical factors
3.1.1 Topography and landform
It can be seen that the landforms around the Ji-shape bend of the Yellow River are very complex, including plateaus, plains, and desert mountains. These landforms encompass the Erdos Plateau, the Hetao Plain, the Tumochuan Plain, the Ulan Buh Desert, and the Kubuqi Desert, several typical landforms such as which include several typical landforms such as deserts and mountains (Sun, 1959). ArcGIS 10.8 was used to overlay the villages and the Ji-shape bend of the Yellow River topography and landform classification map to obtain the Ji-shape bend of the Yellow River topography and landform distribution map (Figure 2). Villages are mostly found in the regions of the Tumochuan Plain and the Hetao Plain. More villages are spread out along the northern bank of the Yellow River than on the southern bank. Additionally, villages are widely scattered along the tributaries of the Yellow River.
[image: Figure 2]FIGURE 2 | Map showing the topography and landform distribution around the Ji-shape bend of the Yellow River.
3.1.2 Altitude
First, based on the DEM digital elevation data of the Ji-shape bend of the Yellow River, using the extraction tool in ArcGIS 10.8 spatial analysis, the exact value of each village’s elevation was obtained, and resulted in an accurate elevation distribution map of the villages around the Ji-shape bend of the Yellow River (Figure 3). The DEM elevation data of the Ji-shape bend of the Yellow River were reclassified into five categories: ≤500 m, 501–800 m, 801–1,100 m, 1,101–1,400 m, ≥1,401 m. After gathering statistics on the number of villages in each category, the following conclusions were reached: 85.94% of the villages are located in the 801–1,100 m region. 13.70% in the 1,101–1,400 m sector, and 0.36% in the ≥1,401 m section. Villages are predominantly found at higher altitudes.
[image: Figure 3]FIGURE 3 | (A) Map showing village altitude distribution around the Ji-shape bend of the Yellow River; (B) Statistical table of village elevations around the Ji-shape bend of the Yellow River.
3.1.3 The value of slope
The value of slope is an important indicator that reflects the macroscopic terrain relief (Li et al., 2023). Around the Ji-shape bend of the Yellow River in Inner Mongolia, in Inner Mongolia, and the terrain changes significantly. The slope value is a major factor influencing village distribution. Villages are dispersed over several slope ranges.
According to Figure 4, 322 villages, or 5.96% of the total, are located on mild slopes (6°–10°); 119, or 2.20% of the total, are placed on medium slopes (11°–15°); and 18, or 0.33% of the total, are situated on high slopes (16°–20°). 4,943 villages, which make up 91.39% of the total, are found on level slopes (≤5°), and 7 villages are located on very steep slopes (≥20°) that make up 0.13% of the total.
[image: Figure 4]FIGURE 4 | (A) Map showing village the value of slope distribution around the Ji-shape bend of the Yellow River; (B) Statistical table of slope distribution around the Ji-shape bend of the Yellow River.
Plains, low-lying landscapes, and river valleys are typically found on flat slopes, whereas hilly terrain is characterized by gentle to moderate slopes. High slopes and steep slopes are typically found in places like Daqing Mountain and Yinshan Mountain. In summary, the villages situated around the Ji-shape bend of the Yellow River are primarily found in locations with mild topography. Villagers tend to build homes in areas with moderate topography for convenience and cost-effectiveness (Figure 4).
3.1.4 The aspect of slope
The slope of a village determines the amount and duration of sunshine it receives, as well as how the surrounding land surface is oriented in three dimensions. It is a major element influencing the distribution of villages and has a considerable influence on people’s everyday lives and production activities. The villages around the Ji-shape bend of the Yellow River are mostly on the sunny hillsides. A substantial portion of the villages, 36.0%, are located on southern slopes, comprising 1,949 villages (including southeast, south, and southwest); the northern slope is home to the remaining 37.8% of the total number of villages, which consists of 2,046 villages (including northeast, north, and northwest). There are more villages on the northern slopes compared to the southern slopes. On the east slope are villages that makeup 13.1% of all the villages, with 709 villages, while 11.7% are located on the west slope, with 635 villages. There are more villages on the eastern slopes compared to the western slopes. Construction and development are prioritized in north-south oriented areas due to better natural lighting. To accommodate the intricate local natural environment, village construction has been integrated with the land throughout the building process (Figure 5).
[image: Figure 5]FIGURE 5 | (A) Map showing village the aspect of slope distribution around the Ji-shape bend of the Yellow River; (B) Statistical table of the aspect of slope distribution around the Ji-shape bend of the Yellow River.
3.2 Hydrological
3.2.1 The classification of basin
Based on the DEM digital elevation data of the Ji-shape bend of the Yellow River, hydrological analysis was performed using ArcGIS 10.8 spatial analysis tools to generate the river system and drainage area of the Ji-shape bend of the Yellow River and to classify the drainage area. The drainage areas ≥1800 km2 are categorized as extra-large, areas between 1,601 km2 and 1800 km2 are considered large, and the drainage area between 1,601 km2 and 1800 km2 is considered large, the watershed area between 1,500 km2 and 1,600 km2 is medium, and the areas ≤1,300 km2 are categorized as small (Figure 6). It can be concluded that 4.71% is distributed outside the basin, 22.56% is distributed in large river basins, 0.24% is distributed in extra-large river basins, and 33.33% is distributed in small river basins. 51.72% of villages are situated within medium-sized watersheds, indicating a significant concentration of villages in medium-sized watersheds. Valjarević studied the impact of climate change and hydrology (Valjarević, 2024).
[image: Figure 6]FIGURE 6 | (A) Map showing village watershed level distribution around the Ji-shape bend of the Yellow River; (B) Basin statistical table around the Ji-shape bend of the Yellow River.
3.2.2 Relationships between the rivers
Using the DEM data of the Ji-shape bend of the Yellow River, a detailed analysis of the relationships between villages and river sites was conducted. Initially, the river network of the Ji-shape bend was classified using a hydrological study utilizing the Arc GIS10.8 spatial analysis program. Then buffer zones of 1 km, 3 km, and 5 km were established around the rivers, and the values were set within 1 km. According to the “2020 Evaluation Criteria for Drinking Water Safety in Pastoral Areas” promulgated by Inner Mongolia, and 1 km, 3 km, and 5 km buffer zones were established for the rivers, and the values were set within 1 km. Finally, the villages and river buffer zones were superimposed to obtain an accurate distribution map of villages and rivers around the Ji-shape bend of the Yellow River (Figure 7). Kamberis studied the correlation between the tectonic pattern of the region and the development of the hydrological network (Kamberis et al., 2012).
[image: Figure 7]FIGURE 7 | (A) Map showing village river relationships distribution around the Ji-shape bend of the Yellow River; (B) Statistical table of river relationships around the Ji-shape bend of the Yellow River.
Statistics on the relationship between villages around the Ji-shape bend of the Yellow River and the river show that more than 53.67% of the villages are closely related to the river and are situated near the water. Among them, 659 villages are located within 1 km of the river, accounting for 12.18% of the total, and 1,308 villages are situated between 1 km and 3 km from the river, making up 24.18% of the total, 936 villages are found between 3 km and 5 km from the river, accounting for 17.30% of the villages, and the remaining 2,506 villages are more than 5 km away from the river, representing 46.33% of the total, accounting for 46.33% of the villages. The majority of villages are located in close proximity to the river. When planning and utilizing land, greater consideration should be given to locating residential areas near the rivers.
3.3 Climatic factors
3.3.1 Precipitation
Factors in a certain area interact with each other to form a micro-climate, which affects the shape, structure, and building height of villages, and indirectly changes their layout. The most common ways to describe a region’s climate are in terms of temperature and precipitation. For this study, the average annual precipitation for 2022 and the average temperature for 2010 were selected as the main evaluation indicators, the distribution of these indicators in relation to the villages was analyzed and overlaid with the village locations using ArcGIS 10.8, resulting in Figure 8. Figure 8 shows that precipitation decreases from east to west. Specifically, 2,610 villages experience annual precipitation ranging from 0 to 100 mm, while 2,799 villages have precipitation ranging from 100 to 200 mm, with precipitation levels gradually decreasing as indicated in the figure (Figure 8). Precipitation is an important factor that affects the distribution of villages.
[image: Figure 8]FIGURE 8 | (A) Villages around the Ji-shape bend of the Yellow River - precipitation distribution map; (B) Precipitation statistics table of villages around the Ji-shape bend of the Yellow River.
3.3.2 Temperature
According to Figure 9, 401 villages experience an average temperature between 2°C and 5°C for 7.41% of the year, while 5,008 villages have an average temperature between −5 and −9°C for 92.59% of the year. These findings illustrate the impact of the environment on village distribution. The results indicate significant variations in village distribution across different climates. It is typical for people in Inner Mongolia to reside in plains with higher average annual temperatures and ample rainfall due to the region’s mild continental monsoon climate. As such, the spatial distribution of villages around the Ji-shape bend of the Yellow River in Inner Mongolia is positively correlated with temperature and precipitation.
[image: Figure 9]FIGURE 9 | (A) Villages around the Ji-shape bend of the Yellow River - temperature distribution map; (B) Temperature statistics table of villages around the Ji-shape bend of the Yellow River.
3.4 Traffic factors
One of the key elements influencing the spatial layout of villages is their road system. This article evaluates the relationship between highway density and the number of villages in each city, using highway density as a proxy for transportation development. Figure 10 illustrates that, with only 429 villages, the dispersion of villages is relatively modest, with Hohhot and Wuhai having the highest road network density. Baotou and Erdos have the second densest road networks, with a combined total of 1,578 villages, accounting for 29.17% of the total. Bayannaoer, which has the third densest road network, contains the most villages, totaling 3,366 and accounting for 62.23%. Alashan, with the sparsest road network, has the fewest villages, numbering only 36. This sparse distribution indicates that villages in Alashan are relatively isolated. Villages are vulnerable to external damage due to their fragility and non-renewable nature. In areas with well-developed transportation infrastructure, the urbanization process tends to be faster, leading to greater potential damage to villages. Conversely, in areas with less developed transportation, the impact on villages can be mitigated, and the preservation and growth of village culture can be better supported.
[image: Figure 10]FIGURE 10 | (A) Villages around the Ji-shape bend of the Yellow River - highway density distribution map; (B) Traffic statistics table of villages around the Ji-shape bend of the Yellow River.
3.5 Demographic factors
With 340 villages dispersed, or 6.29% of the total, Hohhot has the largest number of villages, as shown in Figure 11. Baotou has the second-largest population, with 327 villages spread, or 6.04% of the total. Bayannaoer and Erdos, each with 4,617 villages or 85.36% of the total, have both the highest number of villages and the third-largest population. Alashan, with only 2.31% of the total number of villages, has the smallest distribution.
[image: Figure 11]FIGURE 11 | (A) Villages around the Ji-shape bend of the Yellow River - population distribution map; (B) Demographic table of villages around the Ji-shape bend of the Yellow River.
3.6 GDP
Figure 12 illustrates that Erdos has the highest GDP, with 1,251 villages, or 23.13% of the total. Erdos has the greatest GDP. Baotou and Hohhot, with 667 villages each, have the second-highest GDP, representing 12.33% of the total. Bayannaoer and Wuhai rank third in terms of GDP, with 3,455 villages, or 63.88% of the total. Alashan, with just 36 villages, has both the smallest dispersion of villages and the lowest GDP figure. The rate of urban economic growth affects village distribution: as a city develops, the number of villages tends to decrease.
[image: Figure 12]FIGURE 12 | (A) Villages around the Ji-shape bend of the Yellow River - GDP distribution map; (B) GDP table of villages around the Ji-shape bend of the Yellow River.
3.7 The rate of urbanization
Figure 13 illustrates that Wuhai has the highest rate of urbanization and the fewest number of villages—just 89, or 1.65% of the total. The second-highest rates of urbanization are found in Alashan and Baotou have the second-highest urbanization rates, with Alashan having the second-largest number of villages at 363, making up 6.71% of the total. Hohhot and Erdos exhibit the third-highest urbanization rates, with a combined total of 1,591 villages, or 29.41% of the total. Bayannaoer, with 62.23% of the total number of villages, shows the largest distribution of villages and the fewest urbanizations. This data indicates an inverse correlation between the rate of urbanization and the distribution of villages. The spread of villages decreases with the increase of the rate of urbanization. Inner Mongolia has long emphasized the importance of ecological protection and considers it a critical strategy. It has promulgated corresponding regulations to promote ecological construction and protect the environment. Compared to the baseline scenario, land use changes under the ecological protection priority scenario would favor the expansion of forest and grassland areas (Hasan et al., 2017).
[image: Figure 13]FIGURE 13 | (A) Villages around the Ji-shape bend of the Yellow River -the rate of urbanization distribution map; (B) The rate of urbanization table of villages around the Ji-shape bend of the Yellow River.
3.8 The proportion of tertiary industry
With 340 villages, or 6.29% of the total, Hohhot has the highest percentage of tertiary industry, as shown in Figure 14. The second-highest percentage of tertiary industry is found in Baotou, with 327 villages, accounting for 6.05%. Bayannaoer, with 3,366 villages or 62.23% of the total, has the third-highest percentage of tertiary industry. Erdos, Alashan, and Wuhai, with 1,376 villages or 25.43%, have the lowest percentage of tertiary industry.
[image: Figure 14]FIGURE 14 | (A) Villages around the Ji-shape bend of the Yellow River -distribution map of the proportion of the tertiary industry; (B) Proportion of tertiary industry table of villages around the Ji-shape bend of the Yellow River.
Economic and demographic factors significantly influence village distribution. A visual analysis of Inner Mongolia’s total population, GDP, and urbanization rate has been conducted to explore the relationship between these factors and village distribution. Figure 15 illustrates the percentage of tertiary and primary industries. It shows that road density and the proportion of primary industry have a significant impact on village distribution. Bayannaoer has the most traditional villages and the highest proportion of primary industry. Road density is inversely proportional to the distribution of villages, as evidenced by Wuhai, which has the highest road density and the lowest village distribution.
[image: Figure 15]FIGURE 15 | Distribution map of the number of villages and economic development levels around the Ji-shape bend of the Yellow River.
3.9 History and cultural heritage
With a long history of ethnic diversity, Inner Mongolia has developed a vibrant nomadic society. The distribution of traditional villages significantly influences their historical context. As a result, one major determining aspect is the distribution features of traditional villages. Figure 16 shows that with 327 traditional villages—or 6.05% of all villages—Baotou has the greatest spread of traditional villages. Bayannaoer and Hohhot have the second-largest distribution of traditional villages, with 3,706 villages, or 68.52% of the total. Alashan and Erdos, with 1,287 villages, make up 23.79% of the total, ranking them third in terms of traditional village distribution. Wuhai, with only 89 traditional villages, represents the smallest distribution, making up 1.65% of the total. There is a strong correlation between the number of villages and the dispersion of traditional villages, with local government policies having a significant impact.
[image: Figure 16]FIGURE 16 | (A) Villages around the Ji-shape bend in the Yellow River -distribution map of traditional villages; (B) Traditional villages around the Ji-shape bend of the Yellow River.
3.10 Factors affecting village distribution
3.10.1 Single factor detection
Among the numerous variables influencing the distribution of villages, this study focuses on both natural and social elements. Several natural elements impact the dispersal of villages, including temperature, precipitation, elevation, slope aspect, and proximity to rivers. In total, twelve social factors were examined, including total population, GDP, the rate of urbanization, highway density, number of traditional villages, and percentage of tertiary industry. The spatial differentiation of villages in Inner Mongolia was analyzed using GeoDetector2018 software to explain the extent to which each factor influences village distribution throughout the Ji-shape bend of the Yellow River. The q-values for each factor are as follows: X10 the value of slope (0.319)>X12 elevation (0.245)>X1 the aspect of slope (0.074)>X9 river distance (0.026)>X7 road density (0.019) >X6 the rate of urbanization (0.019) >X3 proportion of tertiary industry (0.018)>X5 GDP (0.017)>X8 total population (0.010)>X4 number of traditional villages (0.009)>X11 precipitation (0.002)>X2 temperature (0.0001).
Among these, natural factors account for 0.668, while social factors account for 0.093. Therefore, the distribution of villages is significantly influenced by natural factors. In an agricultural society, favorable natural conditions, such as temperature and precipitation, facilitate village formation. Thus, villages are most affected by natural factor. Among natural factors, slope, elevation, and slope aspect have the greatest influence, affecting both site selection and village layout, as well as crop growth. Among social factors, economic aspects such as road density, urbanization rate, and the proportion of the tertiary industry are important in influencing village layout. In modern society, economic factors contributing to the decline of villages are also significant.
3.10.2 Multi-factor detection
Different influencing factors have varying degrees of correlation with one another, and the way two elements interact will determine how much of an explanatory power each has (Song et al., 2008). The primary factors influencing village distribution in Inner Mongolia, specifically along the Ji-shape bend area, were examined through interaction analysis to assess the capacity of various variables to interact and identify the significance of the two factors in village distribution. Test results are illustrated using heatmap features (Figure 17).
[image: Figure 17]FIGURE 17 | Heat map of geographical detection of villages around the Ji-shape bend of the Yellow River.
The interaction results can be divided into double-factor increase and non-linear increase. Comparing the outcomes to that of a single impact factor, the combined influence of all interaction variables greatly increases the geographical heterogeneity of the dependent variable. The results show that the interaction factors of the slope and elevation group are the strongest, exceeding 0.6, followed by aspect and slope, GDP and elevation, the rate of urbanization and elevation, and road density and elevation, which are the four highest interaction factors showing double-factor enhancement. The elements that most effectively describe how villages are distributed throughout the Ji-shape bend of the Yellow River of Inner Mongolia include height, the value of slope, the aspect of slope, GDP, the rate of urbanization, and highway density. This shows that the distribution of villages is not affected by a single result, but also interacts with multiple factors. Among them, natural factors such as the slope and elevation of topography have a significant impact on the distribution characteristics of villages, and social factors such as GDP, the rate of urbanization, and road density also have a certain impact on village distribution. In ancient times, the factors affecting the development of villages were mainly natural, influencing their farming and laboring as well as the layout of their houses, whereas, in modern times, they receive more influence from the role of the economy, which affects the sustainable development of villages.
4 DISCUSSION
4.1 Spatial distribution characteristics
4.1.1 Type of spatial distribution
Using the ArcGIS 10.8 spatial statistics tool, it was calculated that the average nearest neighbor index actual distance between villages around the Ji-shape bend of the Yellow River is 1.173 km, the theoretical closest neighbor distance is 2.312 km on average, where 0.507475 < 1 is the nearest neighbor index R, indicating a somewhat unequal geographical distribution of villages along the Yellow River in Inner Mongolia.
4.1.2 Balance to regional distribution
The following results are yielded: a z-score of 189.168622, Moran’s I > 0, indicating a substantial positive spatial correlation, and a spatial distribution pattern showing value aggregation with minimal spatial variation.
The following results are obtained, X = 1,563.26 km, M = 2,700.20 km, CV = 57.89%, with the coefficient of variation falling between 33% and 64%. The spatial distribution type is identified as random distribution (Figure 18).
[image: Figure 18]FIGURE 18 | Thiessen polygon distribution map around the Ji-shape bend of the Yellow River.
Equation 1 can be used to determine the imbalance index S = 0.744, which indicates a generally balanced distribution of villages around the Ji-shape bend of the Yellow River in Inner Mongolia. The distribution of each region is shown in the figure below (Figure 19).
[image: Figure 19]FIGURE 19 | Lorenz curve of the spatial distribution of the Ji-shape bend of the Yellow River.
Based on the calculations made using Equations 2, 3, the Gini coefficient is 0.17, which suggests a relatively low degree of concentration. Here, C = 0.83, [image: image] = 0.17, and [image: image] = 8.59 are the calculated values.
4.1.3 Spatial distribution agglomeration area
By using Equation 4, it can be calculated that the G value is 66.98 and 2.30, [image: image], indicating a concentrated and contiguous distribution. The pattern of geographical distribution varies significantly. The distribution is less dispersed in Wuhai and Alashan and more concentrated in Erdos and Bayannaoer (Figure 20).
[image: Figure 20]FIGURE 20 | Distribution map of villages around the Ji-shape bend of the Yellow River in each city.
The villages were subjected to kernel density analysis using the Arc GIS10.8 spatial analysis tool. The outcome was a map of Inner Mongolian villages based on kernel density analysis, which contained the Ji-shape bend of the Yellow River (Figure 21). According to analysis, the villages around the Ji-shape bend of the Yellow River in Inner Mongolia show two high-density agglomeration areas, with Linhe in Bayannaoer and Hangjinhou and Zhungeer in Erdos City serving as the cores. This indicates a centripetal distribution of agglomeration. The density of the patch distribution gradually decreases from the center to the surrounding areas; it diminishes along the river route through Bayannaoer and Erdos, with the most secondary dense areas in Alashan and Wuhai.
[image: Figure 21]FIGURE 21 | Kernel density analysis map of villages around the Ji-shape bend of the Yellow River.
In summary, the Yellow River basin of Inner Mongolia has a relatively uneven village spatial distribution, as indicated by the nearest neighbor index of 0.507475 (which is less than 1). Moran’s I for the distribution is 0.904158, indicating minimal geographic difference and a strong positive spatial association. The geographical distribution type is random, with a coefficient of variation (CV) between 33% and 64%, and a CV of 57.89%. According to the imbalance index S = 0.744, the distribution of villages around Inner Mongolia’s Ji-shape bend of the Yellow River is fairly balanced. The degree of concentration is not high, as indicated by the 0.17 Gini coefficient. There is a rather dense distribution of villages, as shown by the geographical concentration index G value of 66.98. After examining techniques such as spatial autocorrelation analysis, the geographical concentration index, kernel density analysis, the variation coefficient, the imbalance index, and the Gini coefficient, it can be concluded that the overall distribution trend of villages around the Ji-shape bend of the Yellow River shows a significant positive spatial correlation. The spatial difference is small, and the spatial distribution is relatively balanced. The villages are randomly distributed but unevenly so, with a moderate degree of concentration. The villages around the Ji-shape bend of the Yellow River are dispersed across Erdos, with a greater concentration in Bayannaoer and less distribution in Wuhai and Alashan. The cities of Hohhot and Baotou constitute the heart of the distribution agglomeration, forming a high-density agglomeration region with features of centripetal aggregation. The density of the patch distribution progressively decreases along the river route through Bayannaoer and Erdos, with secondary dense spots in Alashan and Wuhai.
4.2 Natural features of the village
This paper focuses on 5,409 village patches around the Ji-shape bend of the Yellow River as the subject of study. The characteristics of the villages’ geographical distribution around the Ji-shape bend of the Yellow River are explored through the examination of the present situation and map placement.
When analyzing the geographical environment of the Ji-shape bend of the Yellow River, it can be concluded that the terrain is very complex, including mountains, rivers, deserts, plateaus, and plains. However, the Tumochuan Plain and Hetao Plain host the majority of villages. These plains have an average elevation above 1,000 m, making them conducive to village settlement. There are numerous mountains around the Ji-shape bend of the Yellow River in Inner Mongolia, leading to significant terrain variations. One major factor influencing the distribution of villages is slope. Most villages are situated in areas with gentle slopes. Additionally, villages are more abundant on level slopes, with a higher concentration on northern and eastern slopes compared to southern and western slopes. The northern bank of the Yellow River has a denser distribution of villages compared to the southern bank. Villages are also widely dispersed along the Yellow River’s tributaries. Plains with moderate slopes and ample sunshine support extensive village dispersal, providing a favorable natural environment for crop cultivation and habitation in lowland areas. Most villages are located near aquatic vegetation or transportation hubs in rural areas (Yang et al., 2016).
Access to water is crucial for village livelihoods and productivity. Villages benefit from abundant water resources in their vicinity (Guo et al., 2012). The expansive Yellow River flows near most villages in the river basin. Villages are evenly distributed around the river basin, with approximately 58.9% of villages located within 5 km of the river. Villages maintain a certain distance from the river to avoid flooding during high tides and to facilitate convenient river transportation. This aligns with findings from other academic studies (Wang et al., 2021; Fu, 2021). Water resources significantly influence village location and layout.
Climate also influences village distribution. Temperature and precipitation in the Ji-shape bend of the Yellow River in Inner Mongolia correlate with the spatial distribution of villages. Plain areas with sufficient rainfall and higher temperatures are favorable for crop growth, while desert regions with arid conditions have fewer villages.
Effective urban planning must comprehensively consider geographical factors, including topography, landforms, and proximity to water resources, as well as climate-related impacts. These factors are critical for conducting rational planning and layout based on terrain conditions in urban planning processes.
4.3 Social characteristics of the villages
At the same time, social conditions, such as population, economy, history, and other conditions also affect the distribution of villages (He et al., 2019). To begin with, transportation has the opposite effect on village growth. In areas with developed transportation, the urbanization process is relatively fast, and the damage to villages is greater. In areas with inconvenient transportation, it can alleviate the impact on villages, to facilitate the inheritance and development of village culture. The convenience of transportation has enabled the village’s economy to develop, making it easier to change the past production and lifestyle and develop in a more modern direction. Therefore, transportation has a counterproductive effect on the inheritance of the village. Secondly, the geographical distribution of villages is influenced by demographic considerations. Rural economic growth can benefit more from higher population densities. On the contrary, a small population size is less favorable for the development of economic activities. Regarding the influence of historical factors, the more economically developed the area is, the stronger the awareness of protecting traditional villages, which has an important relationship with economic development (Li et al., 2023). In conclusion, the rate of urban economic expansion impacts the allocation of villages. The spread of villages decreases as a city’s degree of development increases. Developed economic life has destroyed the production and lifestyle of traditional villages and affected the development and layout of villages (Li et al., 2023). The productivity and way of life of traditional villages have been destroyed by developed economies, which has also had an impact on the growth and design of villages. But it also has a dialectical effect. On the one hand, it encourages village growth while destroying the traditional village layout. However, it also fosters the development of the village’s features and preserves its traditional culture. Village development is a long-term spontaneous process with little influence from urban planning. Later planning can have a good impact on the development of the village, which requires the joint efforts of the government and villagers.
4.4 Factors affecting the distribution of villages
According to analysis, natural environment serve as the foundation for the geographical dispersion of villages (Li et al., 2022). According to the findings of study publications by Gao et al. (2023), Qu et al. (2017), and others, natural variables have a significant influence on village distribution. The exceptional natural surroundings can offer a wealth of natural resources, comfortable living arrangements, and easy access to transportation—all of which are essential for regional growth (Guanghui et al., 2007). The layout is significantly affected by natural features. The impacts of natural elements that have the highest explanatory power include height, the value of slope, and the aspect of slope (Zhang et al., 2018). In ancient times, people tended to choose plain areas with suitable climates and superior geographical conditions to develop agriculture and animal husbandry. Communication among the villagers along the river became more convenient, hence that is how the villages were formed, which is consistent with the traditional understanding.
In terms of social determinants, the highest explanatory power among socioeconomic variables is found in the rate of urbanization, highway density, and the percentage of tertiary industry. That is to say, the traffic factor is the strongest dominant factor affecting factors. This is consistent with the conclusions obtained by Gao et al. (2023), Li et al. (2023), and others (Zhe et al., 2022). Transportation affects communication between villages. Convenient transportation is conducive to foreign trade and ensures the accessibility of villages. Villages tend to choose places with more convenient transportation for development. In areas with underdeveloped economies and the lowest urbanization rates, there are more traditional villages in Bayannaoer City than anywhere else. The growth of villages has been impacted by economic activity, and as living standards have increased, the government has been able to preserve, restore, and pass down traditional villages, which in turn has helped to boost village development.
In conclusion, the distribution of villages is mostly influenced by the natural environment. Secondly, villages’ ability to flourish is somewhat hampered by the modernization process. However, this development is two-sided, and good economic conditions also bring more possibilities for the protection of villages. Villages are where culture is carried. Putting in place effective protective measures will influence village development and encourage further growth.
4.5 Social characteristics of the villages
The culture of site selection is tied to the village’s fundamental existence and future growth, although it is not very clear what cultural manifestations link to requirements that are developing and being unmet (Xie et al., 2022). Traditionally built villages are frequently found in regions with delicate natural settings (Yang et al., 2016). As a result, care should be taken to explore how villages’ unseen cultural elements are developing. As ecological civilization development and rural rejuvenation advance, village protection should carefully address the holistic preservation of traditional culture, the natural environment, and the social economy. There should be special protections for different kinds, locations, and characteristics of traditional villages (Zheng et al., 2021).
According to the studies aforementioned above, for rural development in environmentally vulnerable regions, the following suggestions are put forward to protect village development: 1. To boost financial investment in developing regions and offer financial assistance for the preservation of these regions’ economies and cultures; 2. To utilize existing historical and cultural resources, develop local cultural characteristics, enrich and develop local cultural industry construction, and provide certain support for rural revitalization; 3. To ensure the harmonious development of villages, give careful consideration to the establishment of rural cultural ecology and the preservation of the natural environment. Take note of rural regions’ ecological carrying capability, reject excessive commercial development of rural villages, develop diversified protection measures, properly handle the relationship between rural development and preservation, as well as facilitate the sensible and planned growth of rural regions; 4. Since the distribution of villages is uneven, account should be taken that the villages in different watersheds have different characteristics. Because of their aggregation, hydrophilicity, nationality, and political factors, integrating different villages into different watershed units can help build watershed units, aquatic ecosystems, and a focus on sustainable development. It can also help overcome the limitations of administrative units and protect the regional characteristics formed in different watersheds. Finally, it can enrich and protect the village’s content and create an effective protection mechanism.
The ecological, cultural, economic, and social environments that sustain traditional villages are inextricably linked. The primary cause of the current traditional village culture’s downfall is the fast changes in the village’s environment for survival and evolution, as well as the community’s incapacity to adjust to these changes (Ma and Tong, 2022). Therefore, paying attention to the environmental changes and self-development of villages is an eternal topic, and we are called upon to make unremitting efforts.
5 CONCLUSION
The research on the geographical distribution features and affecting elements of the 5,409 village patches around the Ji-shape bend of the Yellow River is crucial for effective resource management, environmental preservation, socio-economic development, and informed policymaking. By providing insights into spatial patterns and their impacts, the research supports sustainable development practices, enhances villages wellbeing, and helps manage environmental and hydrological challenges in this region. The study found that social factors and natural factors affect the distribution of villages, among which natural factors are the main factors affecting the distribution of villages. Therefore, the influence of natural factors should be considered when planning the layout of villages. The research’s findings are as follows:
The overall distribution trend of villages around the Ji-shape bend of the Yellow River is that the spatial distribution has a significant positive correlation, the spatial difference is small, the spatial distribution is relatively balanced, random distribution, uneven distribution, and the degree of concentration is not high. It has a relatively uneven village spatial distribution, as shown by the nearest neighbor index of 0.507475 < 1. The index of Moran’s I for the distribution is 0.904158, the geographic difference is minimal, and a strong positive association is present. The geographical distribution type is random, 33% < CV < 64%, is the variance coefficient, and the variance coefficient is CV = 57.89%. According to the imbalance index S = 0.744, the distribution of villages around Inner Mongolia’s Ji-shape bend of the Yellow River is fairly balanced. The degree of concentration is not high, as indicated by the 0.17 Gini coefficient. There is a rather dense distribution of villages, as shown by the geographical concentration index G value of 66.98; Regarding the factors affecting the distribution of villages around the Ji-shape bend of the Yellow River, natural factors are an important factor affecting the spatial distribution of villages. The locations of villages are determined by natural environmental variables. Both social and environmental elements have a major impact on the layout. The rate of urbanization (0.019082), road density (0.019082), and the percentage of tertiary industry (0.018422) have the best explanatory power among socioeconomic factors, whereas elevation (0.244619), the value of slope (0.319805), and the aspect of slope (0.074089) have the strongest explanatory power among the impacts of natural elements; When protecting villages, corresponding protection methods should be selected based on different influencing factors. For village protection in ecologically sensitive areas, attention should be paid to the utilization of water resources in the basin, and protection areas should be divided. At the same time, ecological construction should be reasonably promoted and attention should be paid to the protection of the natural environment, rational utilization, and development of local resources. When planning, pay attention to the impact of natural factors, among which geographical and landform factors are very important. Based on this, the planning and layout of the site should be carried out. At the same time, the impact of social factors should be taken into consideration, and the effect of economic development on the village should be paid attention to. On the issue of atmosphere, we should enhance the climate adaptability of buildings. By considering climate change, we should enhance the climate adaptability of buildings and reduce air pollution caused by building construction; Land use has a very important impact on the development of villages. We should pay attention to land use and provide the public with a piece of relatively open information, to provide certain guidance for the sustainable development of cities and villages. The development of urbanization has brought about contradictions in land use. Reasonable allocation of land and improvement of land use efficiency will further improve the urban and rural living environment and meet the needs of residents for survival and development in the process of urbanization.
Only 12 natural and social components were chosen as the study’s influencing factors for investigation due to the article’s constraints. The analysis may not be comprehensive. In the future, it can be suggested that the next research focus on a deeper, micro-level research, such as on specific villages, exploring the laws of its development and evolution.
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