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As a primary concern in the ecosystem, understanding the impact of spatial heterogeneity of ecological networks on the development of environmental sustainability has overarching significance. The Tibetan Plateau’s edge is a vital contribution to the study of the plateau’s ecological network. However, there are few studies and explorations on the county-level ecological network in the arid region. This study aimed to evaluate ecological network spatial patterns in Tianzhu County and establish an ecological security evaluation index system. We used the minimum cumulative resistance (MCR) model and built an ecological resistance surface model from the exploratory spatial data analysis (ESDA) method. Then, by identifying ecological corridors and ecological nodes from the gravity model, we analyzed the ecological security pattern and proposed specific plans for optimizing the situation. The results showed that 1) county ecological security overall has been lower, and its values showed spatial heterogeneity in each direction, and 2) the Z-Score of the ecological security evaluation index was 70.1893, which shows ecological vulnerability in the arid region has significant spatial autocorrelation. The study identified 156 ecological corridors and 112 ecological nodes, which formed an ecological spatial pattern of “one belt and three zones.” Our analytical framework offers a valuable tool for constructing ecological security patterns in Tianzhu County and selecting “sources” at the regional scale, which can be applied to landscapes and geographical contexts for sustainable development in arid regions.
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1 INTRODUCTION
The ecosystem is an essential basis for human survival and development, which is also a support system of human life. It is the primary part of the regional ecological pattern, which connects isolated landscape patches by ecological corridors (Jiao et al., 2021; Peng et al., 2022). This system combines with point, line, and surface to improve the self-discipline of the landscape and maintain regional ecological surrounding stability (Fan and Myint, 2014; Liang et al., 2022). However, the ecological network is a special and complex network of landscape ecology, which is a complex network that is composed of three pattern elements—ecological sources, ecological corridors, and ecological nodes (Luo et al., 2022). Therefore, the structure, function, and interrelationship of the ecological network have been important research points in network and science and landscape ecology research (Jiang et al., 2022; Shen et al., 2022). The integrity of the ecological network structure and its advantages and disadvantages will determine whether the ecological network’s function can work properly.
According to integrated landscape ecology and land planning theory, in recent years, scholars built ecological networks, including Nature 2000 Network, Emerald Network, Dutch National Ecological Network, and European Ecological Network (Möckel, 2017). Aiming at different objects, the research of ecological network construction mainly focuses on the forest ecological network, wetland ecological network, urban green space ecological network, and desert ecological network protection (Raji et al., 2022). Ecological network construction had been formed on the basis of a research paradigm, including ecological source identification and ecological corridor identification. It mainly identifies ecological sources by assessing the suitability of ecological habitats and the importance of ecological connectivity (Wan et al., 2019; Streib et al., 2020). Among them, the importance of environmental assessment is the most used method. The method of identifying ecological corridors by constructing resistance surfaces is usually based on the value distribution of land cover. The lowest cost path analysis is usually used to extract ecological corridors. However, this study considers the obstacles of landscape heterogeneity to ecological flow, although they ignore the mutual attraction of ecological resources and do not consider the interaction of ecological resources (Fan et al., 2017; Cunha and Magalhães, 2019). The application of the gravity model in space interaction provides a way to study the interaction between ecological sources. The gravity model was first used to study the inter-city spatial structure and later widely used in regional economic research, urban group interaction, and inter-city trade research. At present, gravity models have been widely used in the study of regional economic connections or spatial interactions. Based on the interaction force theory, using the improved MCR model and gravity model, the ecological network of the study area is extracted by comparing the minimum cumulative ecological resistance and the maximum ecological gravity between different ecological sources (Hu et al., 2019; Dai et al., 2021). In China, the types of Tianzhu landforms are more special, including alpine mountains on the Qinghai–Tibet Plateau, an oasis in arid areas, and monsoon valleys. Complex climatic types and terrain and geomorphology together affect the formation of ecological networks with great ecological value and vulnerability (Huang et al., 2022; Wang et al., 2022). To this purpose, ecological networks are even more needed to connect broken habitats through ecological corridors and ecological nodes to form a complete landscape network to ensure regional ecological security (Yang et al., 2022a; Dai et al., 2022). This abstracts the actual regional ecological network into an ecological topology network.
The stability and balance of the ecosystem will determine human life directly. However, the utilization and development scale of land has increased dramatically over the past century. Especially in northwestern China, this tendency, therefore, caused serious damage to the structure and function of the ecosystem and produced a series of problems, such as a sharp decline in biodiversity, degeneration of grassland, and soil erosion and desertification (Zhou et al., 2020; Geng et al., 2022). This phenomenon is more obvious in Tibet and China. In addition, the major climate type of Tianzhu is alpine on the Tibetan Plateau and the climate of the local area is arid desert and monsoon type (Gu et al., 2018; Zhang et al., 2020). So, the diversity and complexity of climate are especially prominent here, which have a significant impact on the ecosystem. The security of the ecosystem and sustainable development in this region have been the focus of research in our study for a long time (Wang and Pan, 2019; Wen and Hou, 2021). We used the gravity model and minimum cumulative resistance model to extract the ecological network. Through the ecosystem, importance assessment identifies ecological sources. The improved ecological resistance model will be used to calculate the minimum cumulative ecological resistance between ecological sources, and the improved ecological gravity model will be used to calculate the ecological gravity between ecological sources. According to the interaction force theory, the ecological corridor is determined by comparing the combined forces between different ecological sources. Finally, it provides new methods and new research perspectives for regional ecological planning and also provides reference and guidance for the formulation of environmental protection and sustainable development policies in the alpine mountainous regions of the arid region.
2 DATA SOURCES AND METHODS
2.1 Study area
Tianzhu is situated in the arid region of Northwest China. It is situated at the intersection of the Qinghai–Tibet plateau, the loess plateau, the Inner Mongolia plateau, and the northeast edge of the Qinghai–Tibet plateau (Figure 1A). Its altitude is between 2,040 m and 4,874 m, with an average altitude of 3,075.86 m. The landform is a priority in the mountainous area, mountain range crisscross, ravine crisscross, and more mountains. Situated in the middle of the county, whistling lies between east and west. It is the throat of the ancient Silk Road and the gateway of the Hexi Corridor (Figure 1B). Furthermore, it is the watershed between the inland river and the outflow river. Rivers are widely disseminated, rich in water resources, and divided into two major water systems: the Shiyang river system and the Yellow River system (Figure 1C). The annual runoff of surface water is 1.024 billion m3, and the recharge of groundwater is 420 million m3. With whistling as the boundary, the south of Wushaoling has a continental plateau monsoon climate, while the north has a temperate continental semi-arid climate, with an average yearly temperature of −8°C to 4°C. The vertical distribution of the climatic zone is very obvious, and the weather in small regions is complex and changeable, with droughts, hail, floods, frost, snow, and other natural disasters. Tianzhu has jurisdiction over 17 townships.
[image: Figure 1]FIGURE 1 | Location of the study area.
2.2 Data sources
In this study, land use data were obtained from the GlobeLand30 (GLC30) dataset (https://www.globallandcover.com/) for the year 2020. The study area covers seven types of land use: cropland, forest, grassland, shrubland, wetland, water, impervious surface (IS), and bare land. The average overall accuracy of the data is 84.61%, and the average Kappa coefficient is .80 (Bouslihim et al., 2022). The DEM datasets with 30 m spatial resolution were obtained from the Shuttle Radar Topography Mission (SRTM). The slope was derived from the SRTM DEM dataset. The basic geographic data, NDVI, and soil erosion datasets were obtained from the Resource and Environment Science Data Centre of the Chinese Academy of Sciences (https://www.resdc.cn). ArcMap10.4 was mainly used for data processing and calculation. Distance analysis, reclassification, and raster calculation of raw data are shown in Table 1. Ecological security assessment uses zonal tools for statistical analysis. In the analysis of spatial heterogeneity, a 1 km × 1 km grid was created based on the fishnet tool, and hot spot analysis (Geti’s-Ord Gi *) was used in spatial statistics tools to evaluate the cold and hot spot patterns of ecological resistance values, and then cluster and outlier analysis (Anselin Local Moran’s I) was used to compute local spatial autocorrelation features. The ecological network construction process uses the cost distance tool in the spatial analyst tools to obtain the ecological security spatial distribution map and uses the cost path to extract the “ridgeline” on the surface of the ecological security pattern. These processes will be specifically introduced in the research methodology.
TABLE 1 | List of the in this study.
[image: Table 1]Ecological source patches mainly select objects with good habitat quality and high value of ecological services as targets, such as ecological wetland parks, forest reserves, nature reserves, scenic spots, and other green patches (Zhang et al., 2022). Elevation and slope affect the spatial distribution and utilization of land resources (Wang et al., 2019; Tang et al., 2022). Land use type will affect the material energy and information exchange within and between ecological source nodes. Vegetation coverage can improve local microclimate and play a positive role in the effective recovery and protection of biodiversity. Rivers can purify harmful substances and improve the ecological function of the environment. The closer the river is, the better the expansion of the ecological source. On the contrary, the influence of traffic roads and other indicators on the surrounding land use, the change of production land use structure, and landscape patterns are mainly considered. Generally speaking, if the distance from the road is closed, the gravitation of urban construction expansion will be greater, which is more unfavorable to the spatial expansion of ecological sources. The level of ecological security is divided into one to four levels from high to low (Table 2), and the corresponding weight is assigned to each ecological evaluation resistance factor.
TABLE 2 | Value system for ecological resistance factors.
[image: Table 2]2.3 Methods
2.3.1 Minimum cumulative resistance model
The least cumulative resistance model can calculate the resistance of spatial dimensions in heterogeneous space to obstacles to biological migration and species diffusion. The channel with the least cumulative resistance is the channel with the lowest cost of consumption and the highest possibility of expansion (Wang et al., 2021). The formula is given as follows:
[image: image]
where VMCR is the value of the minimum cumulative resistance surface; f is a function of the positive correlation that reflects the relation of the least resistance for any point in space to the distance from any point to any source and the characteristics of the landscape base surface; min denotes the minimum value of cumulative resistance produced in different processes of landscape unit i transforming into a different source unit j; Dij is the spatial distance between landscape unit i and source unit j; and Ri denotes the resistance coefficient that exists in transition from landscape unit i to source unit j.
The ecological source patches in the model in this study mainly choose objects with good habitat quality and high ecological service value as targets, such as ecological wetland parks, forest reserves, nature reserves, scenic spots, and other green space patches. The determination of the drag factor is a key step in the establishment of the drag surface model. Based on the combination of natural factors and socioeconomic factors and following the principles of accessibility and easy quantification, the study selected 13 indicators of natural factors and socioeconomic factors as resistance evaluation factors in the resistance surface model to form the ecological security evaluation index system (Figure 2). The resistance factor is divided into four levels, and the resistance coefficient is expressed as 1, 2, 3, and 4 (Table 2). The larger the value is, the greater the resistance is and the higher the cost is. ArcGIS 10.4 was used to establish the ecological security resistance surface model, and the cost-distance module was used to calculate the cumulative cost resistance surface of ecological sources. Based on MCR, the cost-path tool is used to identify the minimum cumulative cost path between ecological sources as the basis for potential ecological corridors.
[image: Figure 2]FIGURE 2 | Location of the ecological source patches.
2.3.2 Gravity method
The intensity of interactions between the source and the target can be used to characterize the effectiveness of the potential ecological corridor and the importance of connection plaques When the cost distance between plaques is larger, the interaction is smaller, and the importance ecological corridors connecting become strong (Su et al., 2019). Based on the gravity model to quantify the ecological source of the MCR model to extract the potential between the importance of ecological corridors and calculate the interaction between the ecological source matrix, quantitative evaluation is used to select the intensity of the interaction between source plaques, judging from the strength size of the corridor in the area of relative important degree, to identify potentially important ecological corridor, and form an ecological security network. The effectiveness of potential ecological corridors and the importance of connecting ecological patches are mainly expressed by the strength of the interaction between the source and the target. The calculation formula of the gravity model is given as follows:
[image: image]
where Gab is the interaction force between patches a and b of ecological origin. Na and Nb are the weights of patches a and b, respectively. Dab is the standardized value of the potential ecological corridor resistance between patches a and b of the ecological origin. p is the resistance value of patches. S is the area of patches. Lab is the cumulative resistance value of the ecological corridor between patches a and b. Lmax is the maximum value of the ecological corridor resistance value in the study area. The landscape resistance of potential ecological corridors will affect species migration. A small resistance is conducive to the migration and dispersal of species, and vice versa, it hinders the connection between species.
2.3.3 Exploratory spatial data analysis
Exploratory spatial data analysis explores the distribution characteristics of spatial objects based on the correlation and degree analysis of sample values in the space. Global spatial autocorrelation reflects the overall trend of spatial correlation of observed variables in the whole research area (Rong et al., 2022). At a given significance level, if Moran’s I is significantly positive, it means that the area with high (or low) ecological security resistance has a significant spatial agglomeration. The closer the value is to 1, the smaller the overall spatial difference is. On the contrary, when Moran’s I is significantly negative, it indicates that there is a significant spatial difference in the level of economic development between the region and the surrounding areas. The closer the value is to -1, the larger the overall spatial difference is. When Moran’s I is 0, the space is irrelevant (Liu et al., 2022). The formulas are as follows:
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where i ≠j; N is the number of research objects; X is the observed value; [image: image] is the mean value of Xi, wij is the space weight matrix between i and j of the research object; the value of space adjacent is 1 and that of non-adjacent is 0. Moran’s I results were statistically tested by the Z-test.
[image: image]
where Z(I) is the mathematical expectation, with a value of -1/(n-1). Var(I) is the variance of I. If the Z value of the positive statistic of Moran’s I is larger than the function of normal distribution, the critical value of 1.96 is at the level of .05. This shows that there is a significant positive correlation in spatial distribution. Although global spatial autocorrelation analysis can reveal the dependence of things as a whole, it ignores the possibility of local instability. We need to introduce the local spatial autocorrelation (LISA) method to reveal the autocorrelation of local regional units in adjacent space. We used Local Moran’s I index to measure the heterogeneity of spatial elements between regional units i and j, and the calculation formula is given as follows:
[image: image]
where Z is the standardized result of observed values on space elements i and j; wij is the space weight matrix. Getis-Ord Gi* can further measure the characteristics of the local spatial autocorrelation. It is used to identify high-value clusters and low-value clusters in different spatial regions, that is, the spatial distribution of hot spots and cold spots. The calculation formula is given as follows:
[image: image]
To facilitate comparison and analysis, Gi*d) is standardized in this study.
[image: image]
where E(Gi*) and Var(Gi*) are, respectively, the mathematical expectation and coefficient of variation of Gi* and Wij(d) is the spatial weight. If Z(Gi*) is positive and significant, it indicates that the value around position i is relatively high (above the mean), which belongs to a high-value spatial cluster (hot spot). On the contrary, if it is negative and significant, it means that the value around position i is lower than the mean and it belongs to the low-value spatial clustering (cold spot area). In this study, a grid is created using ArcGIS 10.4, and zonal statistics are performed on the ecological resistance surface with a grid width of 1000 m × 1000 m. Then, the generated point data were extracted to associate with the grid. The ecologically safe global Moran’s I index calculation is performed in GeoDa 1.14 software. Hot spot analysis was used in ArcGIS 10.4 to analyze the hot and cold features of the ecological security pattern and its significance (Nie et al., 2021). Eventually, cluster and outlier analysis was used to obtain the spatial clustering results of the ecological security pattern.
3 RESULTS
3.1 Ecological security assessment
According to the current situation of the county’s tourism resources and the background of the ecological and tourism industries as poverty alleviation projects, large landscape patches with good habitat conditions and natural reserves are selected as ecological source nodes, and 13 large habitat patches are selected as regional organisms. The total area of diverse source patches was 328.49 km2. These patches are the main activity range and important habitat of biological species in the study area and provide important guarantees for the survival and reproduction of species. They have extremely important ecosystem functions and ecological values. According to the combination of natural factors and socioeconomic factors, and following the principles of accessibility and quantification, 10 indicators of natural factors and socioeconomic factors were selected as the resistance evaluation factors in the resistance surface model. The ecological resistance surface was established. According to the ecological resistance value factors in Table 3, we used the grid data processing method to establish the comprehensive resistance surface of ecological factors and obtained the spatial distribution map of the ecological security evaluation level (Lin et al., 2022; Wei et al., 2022). The spatial distribution of the ecological resistance comprehensive resistance surface shows that the minimum ecological resistance is 1.0150, the maximum ecological resistance is 3.6150, and the average ecological resistance is 2.5489. To make the classification of the ecological security pattern at the township level more reasonable, first, we use the average value of ecological resistance as a limit and binarize the ecological security resistance surface. Then, we used the zonal tool of ArcGIS 10.4 to make statistics on the grid surface of ecological security resistance (Figure 3A). In this process, we classified the ecological security resistance values of 17 towns based on the ratio of the ecological resistance values “grid area below average” and “grid area above average.” Finally, we used the Natural Breaks (Jenks) method to compare the values for classification. The ratio of the ecological security classification is .4834–2.5616. Among them, the lowest security level is .4834–.5647, the lower security level is .5648–.7716, the medium-security level is .7717–1.0076, the higher-security level is 1.0077–1.3577, and the highest security level is 1.3578–2.5616.
[image: Figure 3]FIGURE 3 | (A) Grid map of ecological resistance and (B) classification of ecological security.
In the spatial characteristics of ecological security, Figure 3B shows that the ecological security pattern of the county is characterized by high east and low west. The highest security level area mainly includes Songshan and Dongdatan, and their area accounts for 14.76% of the total area. The higher-security level areas are Huazangsi, Xidatan, and Dahonggou, and their area accounts for 14.20% of the total area. The medium-security level area is distributed in Qilian, Danma, Tiantang, Duoshi, and Saishisi, and their area accounts for 28.37% of the total area. The lower-security level area is mainly distributed in Shimen and Dachaigou, and their area accounts for 9.01% of the total area. The lowest security level areas are mainly distributed in Haxi, Maozang, Anyuan, Tanshanling, and Zhuaxixiulong, and their area accounts for 33.66% of the total area. The ecological security evaluation results show that the ratio of the area of the highest security level and the higher-security level to the total area is 28.96%. The area of the lower-security level and the lowest security level accounted for 42.67%. It shows that the ecological security level of Tianzhu is generally low. At the same time, areas above the medium-security level are mainly closely related to the distribution of river systems. The terrain in these areas is relatively flat. The lower-security level areas are mainly mountainous areas with high altitudes and large slopes. These areas are vulnerable to ecological conditions due to natural conditions and human activities.
3.2 Spatial heterogeneity analysis of ecological security
Analysis of the spatial distribution and agglomeration spatial heterogeneity of the ecological security level in Tianzhu was carried out. The results show that the global Moran’s I index for ecological security is .4469. This indicates that there is a spatial autocorrelation in the ecological security resistance value. Moran’s I generally uses the Z method for significance testing. The significance of Moran’s I index and Z-Score test is that when Moran’s I > 0, Z-Score > 1.96 (p-value < .05), Moran‘s I value can indicate the significance of its spatial positive correlation. The Z-Score of the ecological security evaluation index is equal to 70.1893 (p-value = .0000), which is much greater than 1.96, indicating that the spatial distribution of ecological security levels of a county shows a strong positive spatial correlation. Figure 4A shows that hot spots and cold spots have significant spatial differences. The cold spot is mainly distributed in the east. The hot spot is mainly distributed in the west. Hot spots and cold spots have a larger proportion of 99% and 95% confidence intervals. In addition, not significant grid cells are regions where the ecological security resistance index is not highly spatial. The value of the local autocorrelation Moran’s I index divides The geographic space is divided into four parts based on the value of the local autocorrelation Moran’s I index: “high–high (HH), low–low (LL), high–low (HL), and low–high (LH)." Among them, the high–high cluster indicates that the central area with a high ecological security resistance index has a high ecological security resistance index in the surrounding area, and it is reflected in the spatial correlation as a diffusion effect (Peng et al., 2018). The low–low cluster indicates that the ecological security resistance indexes of the central area and adjacent areas are low, and they belong to a low level of ecological security.
[image: Figure 4]FIGURE 4 | (A) Hot spot and (B) LISA detection of the ecological security evaluation index.
At the same time, there is a significant positive spatial correlation between the high–high and low–low ecological security resistance indexes in the geographic space. High–low indicates that the high-adjacent value of the ecological security resistance index in the central area is low, and it exhibits a polarization effect in spatial correlation. Low–high indicates that the resistance index of ecological security in the central area is low and that of the adjacent is high. It belongs to the transition zone in spatial correlation. According to Figure 4B, the ecological security resistance index of the county is mainly based on two types of high–high and low–low agglomerations, which have obvious spatial distribution characteristics of flakes, while the high–low and low–high types in space. The effect of aggregation is not obvious. For the high–high distribution area, its ecosystem is relatively fragile, and geological hazards and soil erosion are highly sensitive (Kang et al., 2021; Liu et al., 2022). Biodiversity protection should be strengthened, and biological measures and engineering should be combined to control soil erosion, moderately develop ecological tourism, and develop tourism agriculture. For the low–low area, under the guidance of land space planning and ecological planning, stricter use controls should be implemented to ensure the rational use of land, coordinate the orderly expansion of urban land use, and strengthen the protection of cultivated land and ecological conservation.
3.3 Ecological corridor identification and optimization
3.3.1 Identification of potential ecological corridors
Construction of the Tianzhu ecological security network based on the MCR model. The results show that the lowest resistance value of the ecological cumulative consumption resistance surface is 0, and the highest value is 108,564.9. High resistance values are mainly distributed in the southeast and northwest regions. The southeast region is mainly densely distributed in towns and villages. The northwest direction is concentrated on the snow-covered mountains above 4,000 m. The area of the low resistance value is widely distributed. It is mainly in the periphery of the northwest alpine region of the county, and it is an area with high habitat quality. Then, we calculated the minimum cumulative consumption path between each ecological source patch and other ecological source patches. The potential ecological corridors are established, and the cumulative resistance value of each potential ecological corridor is calculated (Figure 5A). The results showed that a total of 156 potential ecological corridors were generated in the study area. We calculated and identified 33 important corridors through the gravity model. Among them, there are 12 secondary potential corridors with an importance value between 50 and 100. There are 21 first-level potential corridors with importance values greater than 100. There are 123 general corridors with importance values less than 50. It can be known from the table of ecological gravitation between ecological source nodes that the importance values of the interaction intensity between the ecological patches selected in the study area are significantly different. The minimum value is 7.8182, which indicates that the interaction between ecological source patches 3 and 13 is the weakest, and the landscape resistance between ecological source patches is very large. The maximum value is 1090.7625, which indicates that the interaction between ecological source patches 3 and 7 is the strongest. The ecological resistance between the ecological corridors is relatively small, and the quality of habitat conditions is high. As ecological corridors play an important role in the richness, migration, and diffusion of biological species, it is necessary to strictly control and protect important ecological corridors during the construction of an ecological security network (Padró et al., 2020; Liu et al., 2021). At the same time, the ecological pattern of general corridors should also be improved and optimized in planning such as green space system planning to improve the habitat suitability of this type of ecological corridor.
[image: Figure 5]FIGURE 5 | (A) Spatial distribution of eco-nodes and potential ecocorridors, (B) Optimization scheme of ecological security.
3.4 Optimization of the spatial layout of the ecological network
Ecological nodes are generally located at the weakest point of the ecological function in ecological corridors. They are mainly composed of the intersections of the smallest path and the largest path or the intersection of the smallest path. It is beneficial to reduce the cost of ecological corridors and improve the ecological service function of the regional ecological network (Huang et al., 2021; Nie et al., 2021). Therefore, according to the ecological source areas, corridors, and ecological nodes, ecological planning and layout are carried out to build a “point–line–surface” ecological service function network system that blends. It is of great significance to strengthen functional health and service sustainability. In the end, we extracted 156 potential ecological corridors in the county, with a total length of about 1248.00 km2, of which the length of the first and second corridors accounted for 53.50% of the total length. In addition, based on the generated potential ecological corridors and the minimum cumulative resistance surface, the spatial analysis function of ArcGIS was used to extract 112 ecological nodes between the potential ecological corridors in the study area. We refer to the actual spatial distribution of ecological source patches, important potential ecological corridors, and ecological nodes in the county and “Tianzhu Urban and Rural Overall Planning (2018–2035)" issued by the local government. In the end, we proposed the ecological network framework layout model of the “One Belt and Three Zones” (Figure 5B). Among them, the “Belt” is mainly the Jinqiang river urban agglomeration and development zone. The “Three zones” refer to the ecological function areas sensitive to wind erosion and sand, the ecological function areas for hydrological storage and soil conservation, and the ecological function areas for water conservation and biodiversity maintenance in the Qilian Mountains. Among them, the hydrological storage and soil conservation ecological function areas are based on the Jinqiang river, connecting Huazangsi, Shimen, Dachaigou, Anyuan, and Zhuaxixiulong. The ecological function areas of water conservation and biodiversity maintenance of the Qilian Mountains include Tanshanling, Saishisi, Tiantang, Haxi, Danma, Qilian, Maozang, and Dahonggou. Wind erosion and desertification-sensitive ecological functional areas cover Songshan, Duoshi, Xidatan, and Dongdatan.
4 DISCUSSIONS
We aimed at the layout pattern of the ecological network framework and protected the integrity of important ecological source patches such as various types of scenic areas and nature reserves in the region through land space planning and related ecological function zone planning. We increased the patch area through green space planning, improved the habitat quality of ecological source patches in the ecological network framework, enhanced the habitat suitability of biological species to patches, and strengthened the protection and construction of ecological source sites in the ecological network framework. We combined existing tourism routes and green space networks to rationally plan corridors such as roads, river systems, and shelterbelts in the area and further improve the ecological network structure (Su et al., 2016; Yang et al., 2022b). Since outward traffic roads mainly radiate outward from the center of Huazangsi Town, we should strengthen the protection of ecologically sensitive points where ecological corridors and roads intersect and strengthen the coupling analysis of regional ecological sensitivity and socioeconomic and industrial layout (Galli et al., 2020). We must closely integrate ecological security construction with the development of regional environmental governance projects, ecological industries, and tourism poverty alleviation projects, which will help us carry out the overall layout and planning of the ecological compensation mechanism. The research methods and results also have certain theoretical and practical significance for future research on ecological security construction in the alpine region of the Qinghai–Tibet Plateau.
Meanwhile, China’s natural zone transition zone is an important regional ecological system. At different spatial scales and geographic locations, there are obvious transitional characteristics of the terrain, climate, hydrology, soil, vegetation, and other factors (He et al., 2019). Wind erosion and desertification-sensitive ecological function areas are generated based on the environmental characteristics of the arid regions in the northwest. The Qilian Mountains’ water conservation and biodiversity conservation ecological function zones are determined based on the climatic characteristics and topographic features of the Qinghai–Tibet Alpine Region (Zhou et al., 2021). The hydrological storage and soil conservation ecological function zones are formed by the unique environmental characteristics of the eastern monsoon region in the northwest, where the Loess Plateau, Inner Mongolia Plateau, and Qinghai–Tibet Plateau meet. The Yellow River and its tributaries form a spatial distribution pattern. As well as the layout of regional transportation arteries. These three typical characteristics have important impacts on regional ecosystem security.
The ecological security pattern method based on the MCR model is widely used in the research of urban planning, land use, and ecological evaluation. It has certain advantages in the expression of ecological processes and spatial visualization of influencing factors. This study mainly uses raster data based on the minimum cumulative resistance model method to evaluate ecological security, extract ecological corridors, and construct an ecological network framework for Tianzhu (Guo et al., 2020). Overall, the research results are more in line with the actual situation of the county. In the currently implemented “Tianzhu Urban and Rural Overall Planning (2018–2035)" and " The 14th Five-Year Plan for Economic and Social Development and Long-Range Objectives through the Year 2035 of Tianzhu County”, the importance of ecological network construction in ecological security construction was emphasized. This study uses the quantitative method based on the MCR model. The layers of potential ecological corridors extracted at different levels are richer, and the spatial positioning of the corridors is clearer. The study of ecological security patterns is a long-term and complex process, and the research focus of this study does not consider the supporting effect of the study area on the Hexi Corridor and the Qilian Mountain area. Therefore, the research on the influence of the ecological security pattern of the small-scale study area on the larger spatial scale still needs to be further strengthened. In addition, the ecological corridor in this study is a linear element, which lacks the exploration of the width of the ecological corridor and radiation channel. Corridors with different widths can directly affect the function of the regional ecosystem, and the utilization and demand width of corridors are different for various biological species. How to determine the optimal width of the ecological corridor in the study area? Making it produce the maximum ecological benefits is a key direction for subsequent research.
5 CONCLUSION
This study takes Tianzhu as the research area, establishes the ecological resistance surface according to the ecological resistance factor index, analyzes the spatial distribution characteristics of ecological security level, selects large scenic areas and nature reserves as ecological source nodes, and constructs ecological source nodes of ecological accumulation and resistance surface. Finally, the MCR model and gravity model are used to extract potential ecological corridors and identify important potential ecological corridors. The main conclusions are as follows. 1) The level of ecological security is relatively low. Ecological security presents the spatial characteristics of low north and high south. It has higher ecological security and high-level areas occupying 32.79% of the total county area, while lower and low-level areas account for 51.89%. The ESDA analysis of the spatial distribution of ecological security shows that the global Moran’s I index is .4469, and the results of the hot spot analysis show that the ecological security level of the county is mainly high–high (HH) and low–low (LL). It has obvious flake-shaped agglomeration and distribution characteristics. 2) Based on the ecological network pattern characteristics of Tianzhu, we proposed a layout model of the “One Belt, Three Zones” ecological network framework for the construction and protection of ecological economic development and tourism economic development. This model can serve as an important supplement to the spatial layout of the ecological industry and provide a decision-making basis for ecological security planning.
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