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Abstract

:

Accurate identification of land use conflicts is an important prerequisite for the rational allocation of land resources and optimizing the production–living–ecological space pattern. Previous studies used suitability assessment and landscape pattern indices to identify land use conflicts. However, research on land use conflict identification from the perspective of ecological security is insufficient and not conducive to regional ecological, environmental protection, and sustainable development. Based on ecological security, this study takes Shandong Province as an example and comprehensively evaluates the importance of ecosystem service function and environmental sensitivity. It identifies the ecological source, and extracts ecological corridors with a minimum cumulative resistance model from which ecological security patterns are constructed. It identifies land use conflicts through spatial overlay analysis of arable land and construction land. The results show that: (1) Shandong Province has formed an ecological security pattern of “two ecological barriers, two belts, and eight cores” with an area of 15,987 km2. (2) The level of arable land–ecological space conflict is low, at 39.76%. The proportions of serious and moderate conflicts are 13.44% and 26.97%, respectively, distributed primarily on the Jiaodong Peninsula and the low hill areas of Ludong. (3) Construction land–ecological space conflict is reasonably stable and controllable, at 76.39%, occurring mainly around urban construction land, with serious and moderate conflict concentrated in the eastern coastal areas, mainly between rural settlements and ecologically safe space in the region. This study has important theoretical and practical reference values for identifying land use conflicts, protecting regional ecological security, and optimizing land use patterns.
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1. Introduction


The concept of conflict, which first originated in sociology, refers to the psychological or behavioral contradictions that arise when two or more social units are incompatible or mutually exclusive in their goals [1]. With rapid urbanization and industrialization, increasing intensity of land development, and growing tension between people and land, scholars have introduced the concept of conflict into the field of land resources, resulting in the phrase “land use conflict” [2]. The concept of land use conflict can be traced back to 1970s. When the goals of different stakeholders in a specific land parcel were irreconcilable, land use conflict would occur. Land conflict can be understood as a dispute or abuse of land property rights [3]. Land use conflict refers to the contradictory state in the process of land resource utilization [1,4]. Li, Zhu [5] defined the conflict between agriculture and ecological functions as the space–time game generated in the process of agricultural activities and ecological protection. Based on stakeholder theory, Steinhäußer, Siebert [6] defined land use conflict as the inconsistency and disharmony between various stakeholders in the way and quantity of land use in the utilization of land resources, and the conflict between various land use practices and the natural environment. Although there is no clear and unified concept of land use conflict, studies have generally accepted that land use conflict is caused by the multiplicity and finiteness of land resources and the diversity of demands [7]. Currently, land use conflicts have become a global issue [1,4,8,9,10,11]. Land use conflicts hinder the rational and sustainable use of land resources, exacerbate human–land conflicts, and are detrimental to sustainable development.



The study of land use conflicts is an important breakthrough in revealing the evolutionary mechanisms of complex human–land relations, and the accurate identification of land use conflicts is a core element of land use conflict research. As early as the 1970s, scholars carried out land use conflict identification employing interviews, field research, and participatory mapping [12,13,14]. In recent years, as land use conflicts have increased in intensity and scope and as technology has advanced, quantitative analysis methods are commonly used to identify land use conflicts [15,16,17,18]. Quantitative analysis can accurately identify the scale, intensity, spatial distribution, and change characteristics of land use conflicts, which can deepen our knowledge and understanding of land use conflicts and help us to take corresponding countermeasures to mediate land use conflicts. The two main categories include the landscape pattern method and the comprehensive evaluation method. Among them, the landscape pattern index method is based on land use data, and by analyzing the external pressure on the landscape, the degree of spatial exposure, and the spatial stability of the landscape, the rank and type of land use conflicts are judged comprehensively [19]. The integrated evaluation method focuses on the construction of an evaluation index system to comprehensively evaluate land use conflicts by considering the dimensions of land use suitability, propensity, competitiveness, and diversity of demand [20,21,22,23]. The above methods have achieved the quantitative identification of land use conflicts, promoted the development of land use conflict research, and provided inspiration for this study. However, the land use conflict identification described above belongs to the category of potential land use conflict identification, which reduces the significance of guidance for real land use. Land use conflicts are also closely related to socioeconomic development. Currently, China has proposed carbon neutrality and carbon peaking, and has an increased focus on the construction of ecological civilization, promoting the green development concept that green water and green mountains are precious, and that mountains, forests, fields, lakes, and grasses are a living community. Ecological security has received unprecedented attention, but research on the identification of land use conflicts from the perspective of ecological security is relatively lacking, making it difficult to effectively support the current allocation and use of land resources in China.



Shandong Province is a populous and economically powerful province in China. The rapid development of urbanization and industrialization has led to an increasingly prominent conflict between agricultural production, economic development, and ecological protection, a situation that serves as a microcosm of China. Taking Shandong Province as an example, this study attempts to construct an ecological security pattern based on the importance of ecosystem service function and ecological sensitivity and to quantitatively identify arable land–ecological space conflict and construction land–ecological space conflict from an ecological security perspective to provide a scientific reference for land use conflict mediation and optimization of the spatial pattern of the land in Shandong Province.




2. Study Area and Data Sources


2.1. Study Area


Shandong Province is geographically located at 34°22.9′ N–38°24.1′ N and 114°47.5′ E–122°42.3′ E (Figure 1), with a total land area of about 1.57 × 107 hm2, accounting for about 1.63% of the total land area of China. Its topography is complex, with mountains in the center, hills in the east, and plains in the west and north. Shandong Province has a developed and rapidly developing economy, with a high level of industrialization and urbanization. With the growth of population and rapid urban expansion, the spatial pattern of land use has changed significantly. Shandong Province has more people, less land, less water, and less forest, and the contradiction between land supply and demand is outstanding; the province is very short of forest and water resources, which are closely related to ecology, and the per capita wetland and forest possessions are among the 20th in China, the poor endowment of ecological resources coexists with the continuous increase in demand for land resources.




2.2. Data Sources and Processing


The data used for the study mainly include DEM data from the ASTER GDEM data product of the geospatial data cloud platform (http://www.gscloud.cn/, accessed on 16 March 2022) with a spatial resolution of 30 m. The slope and relief amplitude were extracted through GIS spatial analysis tools; basic geographic data (rivers and waters, traffic roads) were obtained from the geospatial data cloud (https://www.gscloud.cn/, accessed on 16 March 2022); the locations of chemical plants and mines were obtained using the Google Maps coordinate selection system. The soil data were obtained from the Chinese soil dataset (V1.1) in the World Soil Database. Precipitation data were obtained from the National Meteorological Science Data Sharing Service Platform (http://data.cma.cn/index.html/, accessed on 18 March 2022) for 109 meteorological stations in and around the study area in 2020, and the precipitation in the study area was obtained by kriging interpolation. The annual scale mean values of net primary productivity of vegetation, land use data, and NDVI, all with a spatial resolution of 1 km, were obtained in 2020 from the Chinese Academy of Sciences Resource and Environment Science and Data Center (https://www.resdc.cn/, accessed on 18 March 2022).





3. Methodology


3.1. Evaluation of the Importance of Ecosystem Service Functions


Ecosystem service functions are the natural environmental conditions and functions that ecosystems and ecological processes create and maintain to ensure human survival. They include water conservation, soil and water conservation, wind and sand control, biodiversity, carbon fixation, and oxygen release. In line with relevant studies [24,25], combined with the guidelines for ecological protection red-line delineation and the background conditions of ecosystems and development needs in Shandong Province, this paper comprehensively evaluates the importance of Shandong’s ecosystem service functions in terms of water conservation, soil and water conservation, carbon fixation and oxygen release, and biodiversity conservation. The raster value corresponding to 30%, 50%, and 80% of the total value of ecosystem services is used as the cutoff point for the assessment of ecosystem service functions, which are classified into four levels: extremely important, highly important, moderately important, and generally important, and the measurement method of each ecosystem service function is shown in Table 1.




3.2. Evaluation of Ecological Sensitivity


Ecological sensitivity is the degree to which an ecosystem is sensitive to disturbance by natural and human activities in a region. It is used to reflect the ease with which ecological imbalances and ecological problems can occur when a regional ecosystem is disturbed [31]. There are high mountains in the middle of Shandong Province and low and gentle hills in the east. Therefore, there is a risk of soil erosion. The Yellow River Delta and other areas have a salinization problem. Therefore, the ecological sensitivity of Shandong Province was evaluated from two aspects: soil erosion and salinization. Referring to relevant studies [31,32,33,34,35], and in combination with the actual situation of the ecological environment and data availability in Shandong Province, seven evaluation indicators were selected to construct an ecological sensitivity evaluation index system (Table 2). On this basis, the geometric mean model was used to estimate the ecological sensitivity.




3.3. Constructing Ecological Security Patterns


3.3.1. Identification of Ecological Sources


Ecological sources are areas of high habitat quality that contribute positively to the ecological environment and are the starting point for species maintenance and dispersal and the ecological protection floor [39]. In this paper, the importance of ecosystem service functions and ecological sensitivity layers are spatially overlaid using ArcGIS 10.5 software, and in line with Cannikin’s law, extremely important ecosystem service functions and highly sensitive ecological areas are extracted as ecological source areas, while the Yellow River Delta National Nature Reserve and Nansi Lake Reserve are included in the ecological source areas. The source areas were also included in the Yellow River Delta National Nature Reserve and Nansi Lake Reserve.




3.3.2. Ecological Resistance Surface


The construction of the ecological resistance surface is the core of ecological corridor extraction, reflecting the spatial distribution of the intensity of resistance to ecological flows as they run between ecological functions [40]. The ecological processes of horizontal spatial movement of species and the flow and transfer of ecological functions are mainly influenced by the state of land cover and the degree of anthropogenic disturbance. Therefore, with reference to relevant studies [41,42,43,44,45], this paper selects eight evaluation indicators from two aspects of ecological attributes and ecological disturbances to construct an evaluation index system of ecological resistance (Table 3). According to the landscape resistance value of each resistance factor and the corresponding indicator weights, a weighted superposition is made in GIS software to obtain the spatial distribution of the ecological resistance surface.




3.3.3. Ecological Corridors


A consensus has emerged in the field of ecological research regarding the achievement of ecological functions such as biodiversity conservation and pollution control through the construction of ecological corridors while meeting the growing human need for nature [46]. In this paper, the geometric center of an ecological source site is taken as the ecological source point, and the ecological resistance surface is used as the basis to simulate and calculate the minimum resistance that species need to overcome to move between source sites, thereby constructing an ecological corridor for biological flow, with the following calculation formula:


  MCR = f min   ∑   j = n   i = m      D  i j   ×  R i     



(1)







In Equation (1),   MCR   is the minimum cumulative resistance value;    D  i j     is the spatial distance of a species from source  j  to landscape unit  i ;    R i    is the coefficient of resistance of landscape unit  i  to the movement of a species;  f  denotes the positive correlation between the minimum cumulative resistance and the ecological process.



The interaction matrix between the ecological source patches was calculated through the gravity model (2) to quantitatively evaluate the interaction strength between the source patches so that the relative importance of potential corridors in the region could be judged more scientifically, and the potential corridors with highly important were considered optimal ecological corridors [47,48]. Simultaneously, to ensure connectivity between the source sites, the study area was combined with the actual situation to set up potential ecological corridors.


   G  i j   =    N i   N j     D  i j  2    =      1   P i    × l n    S i         1   P i    × l n    S j               L  i j      L  m a x        2    =    L  m a x  2  l n    S i   S j       L  i j  2   P i   P j     



(2)







In Equation (2),    G  i j     is the interaction strength between patch  i  and patch  j ;    N i    and    N j    are the weighting coefficients of patch  i  and patch  j , respectively;    D  i j     is the normalized resistance value of the potential corridor between patch  i  and patch  j ;    P i    is the overall resistance value of patch  i ;    S i    is the area of patch  i ;    L  i j     is the cumulative resistance value of the potential corridor between patch  i  and patch  j ; and    L  m a x     is the maximum resistance value of all corridors in the study area.




3.3.4. Ecological Security Pattern


The ecological security pattern is derived from the coupling theory of spatial pattern and ecological process in landscape science, focusing on the potential landscape ecological pattern [49]. The ecological security pattern is a spatial configuration scheme to optimize the territorial spatial pattern of regional ecological space, which is of great significance for maintaining the integrity of the landscape pattern and regional ecological security [50], improving the quality and stability of the ecosystem, ensuring the sustainable supply of regional ecosystem services, and improving human well-being.



Therefore, based on the evaluation results of the importance of ecosystem service functions and ecological sensitivity, together with the extracted ecological sources and ecological corridors, this study comprehensively constructed an ecological security pattern including low, medium, high and extremely high levels of ecological security. Specifically, the 400 m buffer zone of the ecological sources and ecological corridors was taken as the low ecological safety level, while the high, medium, and low levels of the ecosystem service function importance and ecological sensitivity evaluation results and the 400–800 m buffer zone, 800–1200 m buffer zone, and 1200–1600 m buffer zone of the ecological corridors were taken as the medium, high, and extremely high ecological safety levels, respectively.





3.4. Land Use Conflicts Identification and Classifications


With the increase and diversification in land use demand, land resources are increasingly scarce, leading to a variety of land use conflicts. Among them, land use conflict mainly occurs between construction land and arable land, and ecological space and productive land (arable land and construction land). Combined with the current background of ecological civilization construction in China, land use conflict from the perspective of ecological security in this paper refers to the unreasonable occupation of ecological security space by human social and economic activities such as agricultural production and economic construction, which is mainly manifested as the mismatch and overlapping relationship among arable land, construction land, and ecological space [5,51]. The arable land–ecological space conflict is the occupation of ecological space by agricultural farming activities, expressed as the overlapping relationship between arable land and ecological space. The construction land–ecological space conflict is the occupation of ecological space by economic construction activities, expressed as the overlapping relationship between construction land and ecological space. The integrated land use conflict is the occupation of ecological space by agricultural farming, economic construction, and other human activities. The integrated land use conflict is the occupation of ecological space by economic activities such as farming and economic construction, manifested as the overlapping relationship among arable land, construction land, and ecological space, namely the superimposed result of the conflict between arable land and construction land, a comprehensive manifestation of the superimposed effect of land use conflict [52]. According to the overlapping relationship among arable land, construction land, and low, medium, high, and extremely high ecological safety levels, land use conflict is divided into four types: stable and controllable, mild conflict, moderate conflict, and serious conflict.





4. Results


4.1. Spatial Distribution Characteristics of Ecosystem Service Functions


The spatial differences in the importance of each individual ecosystem service function in the study area are evident(Figure 2). Among them, the extreme importance of carbon sequestration and oxygen release function is 13.02%, with a spatial distribution pattern of high in the east and low in the west, due to the abundant forest resources in the eastern region, while the northwestern region is a plain dominated by food production, and forest resources are scarce. The proportion of areas with extremely important soil and water conservation functions is 10.46%, mainly in the eastern part of Shandong Province, which does not form a continuous distribution compared with the water conservation function, being mainly in the form of a point and block distribution. The importance of water conservation function is 9.72%, mainly in the southwest, northeastern Yanwei, and the central areas of Shandong Province, due to the high precipitation in the eastern coastal areas and the rich vegetation resources in the southwestern and central areas, which have strong water storage capacity. The extremely important areas of biodiversity account for 5.11% and are mainly distributed in the mountainous hills of south-central Shandong and the Yellow River Delta, mainly due to the good water and heat conditions, numerous mountains and high vegetation cover in these areas, while the low-value areas are distributed in urban built-up areas with high intensity of human activities.



The importance of integrated ecosystem service functions in the study area shows a spatial distribution pattern of high in the east and low in the west. The area of extremely important ecosystem service function is 25,086 km2, accounting for 16.17%, mainly in the mountainous areas of central Shandong, the Jiaodong Peninsula, and the eastern coastal areas, which are rich in forest vegetation resources and have many rivers. The highly important area is 30,997 km2, accounting for 19.98%, mainly located around the extremely important area. The areas of moderately important and general important account for 31.27% and 32.61% of the total area of the study area, respectively. The areas of moderately important and general important account for 31.27% and 32.61% of the total area of the study area, respectively, and are mainly located in the plains with fewer forest resources and in the built-up areas of cities and towns, which are more affected by human activities.




4.2. Spatial Distribution Characteristics of Ecological Sensitivities


As Figure 3 shows, the spatial distribution of ecological sensitivity in the study area varies widely. The highly and moderately sensitive area of soil erosion is 43,889 km2, accounting for 28.29%, which indicates that the risk of soil erosion in the study area is higher. The area of highly sensitive areas is 11,775 km2, accounting for 7.59%, and is mostly distributed in areas with high elevation slopes in the middle hills. The sensitivity to salinization is mainly dominated by nonsensitive areas, with an area of 146,187 km2, accounting for 94.23%, of which the highly sensitive areas are mainly concentrated in the Yellow River Delta, which is affected by various hydrodynamic factors such as the Yellow River and the Bohai Sea, with shallow groundwater deposits, high mineralization, and high soil salinity.



There is a significant difference in the proportion of each level of ecological sensitivity. The ecologically highly sensitive areas cover an area of 12,431 km2, accounting for 8.01%, and are mostly located near mountains, hills, and rivers, with high vegetation cover in mountainous areas and sensitive and fragile ecology near water bodies, where human activities can easily cause damage to the ecological environment that is difficult to reverse. The ecologically sensitive and insensitive areas account for 41.37% and 27.90% of the total area of the study area, respectively, and are mainly located in the western and northern parts of Shandong Plain and the built-up areas of cities and towns.




4.3. Ecological Sources and Corridors


According to Cannikin’s law, after extracting the highly important ecosystem service functions and ecologically sensitive areas, and excluding the fragmented patches with an area of fewer than 5 km2, we obtained eighteen ecological source areas, including the Yellow River Delta and the South Four Lakes Reserve (Figure 4a), with an area of 15,987 km2, accounting for 10.26% of the total study area, mainly distributed in the mountainous hills of south-central Shandong, low mountainous hills in eastern Shandong, and the hills of the Jiaodong Peninsula.



Based on the landscape resistance values for each resistance factor and the corresponding index weights, the spatial distribution of ecological resistance was obtained by weighted superposition (Figure 4b). Additionally, 12 optimal ecological corridors, 587.43 km in length, were initially extracted by combining the ecological source areas with the minimum cumulative resistance model and the gravity model, mainly distributed in the mountainous hills of central Shandong and the Jiaodong Peninsula. The initial extracted optimal ecological corridors have problems such as disconnected landscape patches and intermittent ecological functions. Therefore, the disconnected ecological source points were further used as sources to find the subminimal resistance paths, and the strength of interaction and connectivity between ecological sources was comprehensively evaluated, resulting in seven optimizing ecological corridors of 681.78 km (Figure 4c).




4.4. Spatial Distribution Characteristics of Ecological Security Pattern


Figure 5 shows the ecological security pattern of the study area, with a low ecological safety-level spatial area of 22,107 km2, accounting for 14.25% of the area, which mainly includes the ecological barriers of mountainous hills in south-central Shandong and low hills in eastern Shandong, covering the extremely important areas of water conservation, biodiversity maintenance, soil and water conservation, carbon sequestration, and oxygen release ecological functions in Shandong Province, and highly sensitive areas of soil erosion and salinization, which maintain ecological safety. These areas have a good ecological environment and are rich in biodiversity. They are areas of high value for ecosystem service functions and ecological sensitivity. The spatial area of the medium ecological safety level is 41,251 km2, accounting for 26.59%, which is widely distributed in the study area. These areas are ecologically fragile and serve as the conservation areas and protective barriers for ecological source lands and should be strengthened for ecological protection. The high ecological safety level covers 56,641 km2, accounting for 36.51% of the total area. As a transitional zone between human activities and natural ecology, it should embody the integrated protection policy of “green water and green mountains are golden mountains,” implement the concept of “green, open development,” and promote the compatible and coordinated development of the three regional functions. The area of extremely high ecological safety level is 35,138 km2, accounting for 22.65%, mainly in the construction land of the whole region and the plain areas of western and northern Shandong, where the ecological environment is poor due to the influence of human activities and background conditions. There is need to improve the level of intensive use, reduce the encroachment of ecological space, realize the combination of development, utilization, and protection, and build a green, ecological, and livable city.




4.5. Spatial Distribution Characteristics of Land Use Conflict


4.5.1. Arable Land–Ecological Space Conflict


As Figure 6 shows, the distribution of Arable land–ecological space conflict in the study area is relatively concentrated and intense: first, because of the large area of arable land in Shandong Province, which accounts for 64.48%; second, because of the natural ecological environment in Shandong Province and the large area of ecological source land patches. Specifically, the areas of stable and controllable, mild, moderate, and serious conflicts are 20,327, 40,764, 27,649, and 13,775 km2, respectively, among which, stable and controllable mild conflict is mainly distributed in the plain areas of western and northern Shandong. This is mainly because there is less ecological space, such as forest land, and land use in this region is mainly for farming and construction. Serious conflict and moderate conflict areas are mainly located in the Jiaodong Peninsula and the low hills of eastern Shandong, primarily because these areas are close to important water conservation functional areas, soil and water conservation functional areas, and biodiversity reserves, where the ecosystem service functions are high and ecological security is easily affected by human activities. Therefore, the conflict between arable land production and ecological protection is prominent.




4.5.2. Construction Land—Ecological Space Conflict


Construction land includes urban construction land, rural settlements, and other construction land. There is a clear spatial divergence in the intensity of land use conflict between the various types of construction land (Figure 7).



The intensity of urban construction land–ecological space conflict is mainly stable and controllable mild conflict, with an area constituting 89.13% of urban construction land, mainly distributed in urban built-up areas with a high level of ecological safety, where construction land is spatially adjacent to arable land. Therefore, the conflict between construction land and ecological space is low. The area of serious and moderate conflict only accounts for 10.87% of urban construction land. This is mainly located in the suburban areas of the city. These areas are closer to forest land, waters, and other ecological space than the central urban areas, and human activities are likely to trigger ecological risks.



The areas of stable and controllable, mild, moderate, and serious conflicts among rural settlements–ecological space are 4235, 6172, 3372, and 1435 km2, respectively. Of the total area, 31.60% is occupied by serious and moderate conflict, much higher than that of urban construction land use, mainly concentrated in the low hills of eastern Shandong and the hills of central Shandong. Compared with the spatial distribution pattern of large, concentrated, and contiguous land plots in cities and towns, the layout of rural settlements is scattered, especially in mountainous areas, where the scale is even smaller. Lack of planning and inadequate supervision result in phenomena such as “digging up hills to build houses,” leading to intermittent damage to the ecological environment.



The areas of stable and controllable, mild, moderate, and serious conflicts in other lands for construction–ecological space conflict are 767, 842, 413, and 179 km2, respectively, of which the proportion of serious and moderate conflict is much lower than that of urban construction land and rural settlements.



The areas of stable and controllable, mild, moderate, and serious conflicts in the construction land–ecological space conflict are 10,095, 8406, 4041, and 1676 km2, respectively. Mild conflict and stable and controllable areas are mainly located in the Lucian Plain and the built-up areas of cities. The main reason is that these areas are relatively flat, densely populated, and less important in terms of ecosystem service functions, and are more suitable for urban construction. Serious and more-serious conflict areas are mainly located in Jinan, Linyi, and the coastal areas of the Jiaodong Peninsula, where urban development space is close to ecological space. For example, due to topography and other factors, the built-up area of Jinan is distributed in an east–west strip pattern, while its southern mountainous area is an important ecological barrier.




4.5.3. Integrated Land Use Conflict


As Figure 8 shows, the problems of arable land, construction land, and ecological space conflict are relatively serious in Shandong Province, with an overall spatial distribution pattern of high in the east and low in the west. Among them, the area of serious conflict zone is 15,342 km2, accounting for 9.71%, mainly in Yantai, Weihai, Qingdao, Rizhao, and Linyi, in the low hills of eastern Shandong. These areas have a high level of urbanization, a developed economy, and a dense population. The arable land and construction land in these areas are close to forest land, water, and other ecological space, and land use conflicts are significant and concentrated. The comprehensive moderate land use conflict area is 31,608 km2, accounting for 20.01%, mainly located in the mountainous hills of central Shandong and the western part of the low hills of eastern Shandong. The most serious areas of soil erosion are in Shandong Province, a highly ecologically sensitive area, leading to serious land use conflict. The area of land use conflict that is mild, stable, and controllable is 45,625 km2, accounting for 50.30%, mainly distributed in the simple land use type and less economically developed western and northern plains of Shandong. The area of forest land in this region is 84 km2, only 0.15% of the total area of the two regions, due to the lack of forest land resources, resulting in poor ecological background conditions in this region. Ecological functions are not pronounced, making land use conflict less obvious.






5. Discussion


5.1. Arable Land–Ecological Space Conflict Management


The management of arable land–ecological space conflict is a matter of food security and ecological protection. At present, the world is in the midst of the greatest change in a century, with the Russia–Ukraine conflict and the global COVID-19 pandemic not only exacerbating regional tensions but also highlighting the importance of food security. China has also elevated the issue of food security to an unprecedented level, requiring strict protection of arable land with stringent measures and strict adherence to the red-line of 1.8 billion mu of arable land protection. However, ecological protection is an inevitable requirement for achieving sustainable development and has been incorporated into the significant strategy of the Five-in-One as an important part of the construction of ecological civilization. The western and northern plains of Shandong are important food production areas in Shandong Province and in China. The arable land–ecological space conflict is mainly stable and controllable with mild conflict, and the pressure of conflict management is low. However, it is noteworthy that Shandong Province is a region with serious water shortages. Therefore, in the process of arable land–ecological space conflict management, in addition to the principle of suitability, it is also necessary to consider water resource constraints, to reasonably determine the scale of arable land according to the water resource carrying capacity, and to guarantee ecological water. The Jiaodong Peninsula and the low hills in the eastern part of Shandong Province are the main areas of serious and moderate conflict between farmland and ecology. In this area, small, fragmented, noncontiguous, low-quality, and inconvenient farmland should be transferred out of the scope of basic farmland. High-quality, concentrated, and contiguous farmland should be added to the scope of permanent basic farmland. At the same time, the area, as the richest area in Shandong Province in terms of forest resources, includes the mountain area of Daze Mountain, Aishan Mountain, Asan Mountain, Kunbeishan Mountain, and Lushan Mountain, covering the Jiaonan Hills, the water-conserving area of the Jiaowei Plain, and the biodiversity-maintaining area of the Jiaodong Hills, along with various nature reserves and other areas in need of protection. Ecological protection of important areas, to strengthen the basic framework of multi–species, multi–functional, multi–benefit protective forests. The construction of ecological protection forest systems should be improved. Forest nurturing, replanting of sparse forest land, and transformation of inefficient forests should be carried out comprehensively. The structure of tree species should be improved; the quality of forests should be enhanced; the forest landscape should be upgraded; the capacity of forest carbon sinks should be improved; the ecological stability in the region should be reinforced.




5.2. Construction Land–Ecological Space Conflict Management


On the whole, the conflict between construction land and ecological space in Shandong Province is not serious, and the proportion of serious conflict is only 6.92%, mainly in the cities of Yantai, Weihai, Qingdao, Linyi, and Jinan, which are mostly close to the ecological protection red-line area of Shandong Province and are potential threats to the ecological environment. Yantai, Weihai, and Qingdao cities are located around the low hills of the eastern part of Shandong Province, and the area is large and the intensity of conflict between construction land and ecological space is high. The city of Linyi is characterized by “three major areas.” Linyi City presents an ecological pattern of “three mountains and three lakes,” strictly prohibiting the construction of disorderly encroachment on Mount Ni, Mount Meng, and Mount Yi, engaging in the environmental management in the watersheds of the Altar, Wen, and Yi rivers, implementing projects such as the protection of wetlands in the upper reaches, restoring polluted sites, improving the rural water environment, preventing and controlling urban water pollution, and monitoring and protecting coastal groundwater to improve the quality of the water. The quality of the environment has been improved. Jinan City has an ecological pattern of “multiple points in the north and south of the mountains,” and as the capital city of Shandong Province, it is an important transportation hub and economic development center. The development and construction of urbanized areas should be transformed, the scale and structure of urban construction should be reasonably determined with an intensive and green orientation, and key industries should be guided to optimize their layout in areas with sufficient environmental capacity and good diffusion conditions. Key controls should be implemented in areas with dense populations, high intensity of resource development, and high intensity of pollutant emissions. Environmental governance and risk prevention and control need to be strengthened, and resilient, green, and low-carbon development should be promoted.



It should also be noted that, compared to urban construction land, rural settlements pose a greater threat to ecological space due to their wide area, scattered distribution, and direct proximity to ecological space. Therefore, attention should be given to the optimal reconfiguration of the three rural living spaces.




5.3. Limitations and Research Prospective


The construction of an ecological security pattern is the key to accurately identify land use conflicts. This paper uses a classical and highly recognized model to construct the ecological security pattern for Shandong Province [53]. Various methods such as circuit theory can be used to construct ecological security patterns [54,55]. However, this paper does not compare the differences among ecological security patterns constructed by different methods, which is worthy of further study.



In addition, this paper quantitatively identifies the scale, intensity, and spatial distribution of land use conflicts from the perspective of geography, and discusses some possible solutions. However, the connotation of land use conflict is rich, so future research can try to include land ownership and stakeholders in the research from more perspectives, such as political geography.





6. Conclusions


Ecological security is an important foundation for achieving green and sustainable development. Against the background of the current tensions and increasing conflict between people and land, the identification of land use conflict based on ecological security evaluation is a feasible path with important practical significance. The results indicate that in 2020, Shandong Province shows an obvious spatial mismatch between arable land, construction land, and ecological space. The areas of serious, moderate, mild conflict, and stable and controllable are 13,465, 27,113, 39,895, and 19,544 km2, respectively, and the overall distribution is relatively concentrated, with serious and moderate conflict concentrated in the low hills of eastern Shandong, and mild conflict and stable and controllable areas concentrated in the plains of western and northern Shandong. The areas of mild conflict and stability are concentrated in the eastern and northern plains of Shandong. The area of the construction land–ecological space serious conflict, moderate conflict, mild conflict, and stable and controllable areas are 1877, 4495, 9274, and 10,766 km2, respectively, with an overall scattered distribution. Mild conflict and stable and controllable areas are widely distributed around the urban construction land. Serious and moderate conflict is concentrated in the eastern coastal areas. The land use types are mainly rural settlements. In general, the spatial distribution of land use conflict in Shandong Province shows obvious regional differences, with the coast being higher than the interior and the south higher than the north.



This paper evaluates the ecological security of Shandong Province based on the “serviceability importance” factor, which is not sufficiently comprehensive in the selection of ecosystem serviceability and ecological sensitivity factors. The identification of land use conflict between arable land and construction land is based on ecological security. However, only the conflict between arable land and construction land and ecological space is considered, not the conflict between the two, nor the conflict with other land use types. In future research, the evaluation system of ecological safety should be gradually improved, not only limited to the perspective of ecological priority, but also considering the identification of land use conflict from the perspective of sustainable development and carbon neutrality, and comprehensively considering the intensity of land use conflict among various categories.
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Figure 1. Location of study area. 
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Figure 2. Spatial patterns of the importance of ecosystem service functions. 
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Figure 3. Spatial patterns of ecological sensitivity. 
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Figure 4. Ecological sources (a), ecological resistance surface (b), and ecological corridors (c). 
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Figure 5. Ecological security pattern. 
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Figure 6. The conflict between arable land and ecological space. 
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Figure 7. Construction land–ecological space conflict. 
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Figure 8. Integrated land use conflict in the study area. 
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Table 1. Ecosystem service functions evaluation index system.
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	Ecosystem Service Functions
	Calculation Formulas
	Formula Parameters and Data-Related Notes





	water conservation [24,25]
	     W R = N P  P  m e a n   ×  F  s i c   ×  F  p r e       ×   1 −  F  s l o         
	  W R   is the ecosystem water-support service capacity index,   N P  P  m e a n     is the mean multiyear vegetation net primary productivity,    F  s i c     is the soil infiltration factor,    F  p r e     is a multiyear average precipitation factor,    F  s l o     is the slope factor



	soil and water conservation [26,27,28]
	      S  p r o   = N P  P  m e a n   ×   1 − k       ×   1 −  F  s l o         
	   S  p r o     is the soil and water conservation service capability index,   N P  P  m e a n     is the mean multiyear vegetation net primary productivity,    F  s l o     is the slope factor, K  is the soil erodibility factor



	carbon fixation and oxygen release [29]
	      Q  t c  o 2    =    M  c  o 2       M c    × A ×  C c      ×   A G  B  T 2   − A G  B  T 1         
	   Q  t c  o 2      is the amount of CO2 fixed by the ecosystem,    M  c  o 2      is the coefficient of conversion of C to CO2,  A  is the area of the ecosystem,    C c    is the carbon conversion factor,   A G  B  T 2     for year 𝑇2 Biomass,   A G  B  T 1     for year 𝑇1 Biomass



	biodiversity conservation [28,30]
	      S  b i o   = N P  P  m e a n   ×  F  p r e   ×  F  t e m       ×   1 −  F  a l t         
	   S  b i o     indicates the capacity index for biodiversity conservation services;   N P  P  m e a n    ,     F  p r e     parameters are calculated as given above,    F  t e m     indicates temperature factor,    F  a l t     indicates elevation factor
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Table 2. Ecological sensitivity evaluation index system.






Table 2. Ecological sensitivity evaluation index system.





	
Ecological Sensitivities

	
Evaluation Indicators

	
Sensitivity Levels




	
Insensitive (1)

	
Generally Sensitive (3)

	
Moderately Sensitive (5)

	
Highly Sensitive (7)






	
Soil erosion [24,36,37]

	
rainfall erosivity (J·cm/m2·h)

	
<100

	
100–400

	
400–600

	
>600




	
soil erodibility

	
gravel, sand, coarse sandy soil, fine sandy soil, clay

	
top sandy soil, loamy soil, loamy clay soil

	
sandy loam, chalky clay

	
sandy chalk, chalky soil




	
relief amplitude(°)

	
0–50

	
50–300

	
300–500

	
>500




	
vegetation coverage(%)

	
>60

	
40–60

	
20–40

	
<20




	
Salinization [38]

	
groundwater mineralization (g/L)

	
<5

	
5–18

	
18–25

	
>25




	
depth of groundwater burial (m)

	
>5

	
3–5

	
1–3

	
<1




	
soil textures

	
coarse sandy soil, fine sandy soil, clay

	
clay, loamy soils

	
loamy clay, chalky clay

	
sandy loam
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Table 3. Resistance factors.






Table 3. Resistance factors.





	
Type

	
Evaluation Factors (Weight)

	
Drag Coefficient




	
1

	
3

	
5

	
7






	
Ecological properties

	
Elevation (0.12)

	
<100 m

	
250–100 m

	
250–400 m

	
>400 m




	

	
Slope (0.12)

	
<7°

	
7–15°

	
15–25°

	
>25°




	

	
Land-cover types (0.2)

	
Wooded land, river water, lake water, scenic spots, and special sites

	
Garden, pond water, orchard, paddy field, other grassland, marshland, and dryland

	
Watered land, ditches, agricultural land for facilities, waterworks, fields, and canals

	
Railway land, road land, rural roads, established towns, villages, ports, and harbors




	

	
Vegetation coverage (0.14)

	
>80%

	
60–80%

	
40–60%

	
<40%




	
Ecological disturbances

	
Distance from roads (0.1)

	
>800 m

	
400–800 m

	
200–400 m

	
<200 m




	

	
Distance from railways (0.1)

	
>800 m

	
400–800 m

	
200–400 m

	
<200 m




	

	
Distance from rural settlements (0.1)

	
>600 m

	
400–600 m

	
200–400 m

	
<200 m




	

	
Distance from chemical plants, mines (0.12)

	
>800 m

	
400–800 m

	
200–400 m

	
<200 m
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