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Abstract

:

In the context of ensuring national food security, high-intensity agricultural production and construction activities have aggravated the conflicts between agricultural and ecological spaces in ecologically fragile areas, which have become one of the most important factors hindering regional sustainable development. This study took Lin’an District, a typical hilly region of southeastern China, as an example. By constructing a landscape ecological risk evaluation model, land-use conflicts between agricultural and ecological spaces were identified, spatial autocorrelation and topographic gradient characteristics were analyzed, and land-use conflict trade-off mechanisms were proposed. During 2008 and 2018, the degree of land-use conflict in Lin’an District displayed an increasing trend, and the proportion of severe conflicts increased obviously. Slope is the main factor affecting land-use conflicts in a hilly region and shows a negative correlation, mainly because areas with flat terrain are more conducive to human activities. Based on the characteristics of land-use conflicts in Lin’an District, conflict trade-off mechanisms were proposed to provide a theoretical basis and practical support for land-use conflict management. Our study provides scientific evidence for sustainable land-use planning and ecological management in ecologically fragile areas.
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1. Introduction


Mountains, water, forests, fields, lakes and grass are communities shared by all life on Earth [1]. This fact emphasizes the inseparable interactions between the agricultural and ecological elements of landscapes [2]. However, In order to guarantee food security, the Chinese government requires that a certain amount of arable land must be maintained [3]. At the same time, in order to guarantee the ecological security of the land, it also requires that areas with important ecological functions be included in the protection [4]. These tensions, if not managed properly, can accentuate land-use conflicts between agricultural space and ecological space, and the conflicts caused by land resource shortages and single-use lands are increasing, especially in ecologically fragile areas. When land-use management in a certain region fails to integrate economic development, food security and ecological protection, imbalances in land use structure and regional landscape patterns emerge. These imbalances manifest as spatial conflicts caused by land users competing for land resources out of different interests [5]. Currently, more than 50 countries have pledged to protect 30% of the planet’s land and sea area by 2030. Therefore, it is significant to study and identify land-use conflicts in agricultural and ecological spaces to coordinate human–land balanced relationships for green, coordinated and sustainable regional development.



Land-use conflict mainly refers to the contradiction between interest groups in the process of land use due to the multiple functional demands of social development or the industry objectives and the resulting functional utilization conflicts [6]. Early studies on land-use conflicts mainly focused on qualitative analysis. The commonly used qualitative analysis methods include the participatory survey method [7,8,9], logical framework method [10,11], game theory analysis method [12,13,14] and other methods. The application of the participatory survey method in domestic outdoor surveys began in the 1990s, which is characterized by a high degree of participation and acceptance by the population, and the use of the participatory survey method can analyze land-use conflicts. The participatory survey method can analyze the emergence and resolution of land use conflicts from internal mechanisms [15]. The logical framework approach is an evaluation method proposed by the United States in the 1970s, which in essence shows the causal links between things, with particular emphasis on the role of indicators of project objectives and the initial participation of stakeholders. The logical framework approach enables the initial measurement and hypothesis testing of land-use conflicts [16]. Game theory focuses on the decision-making behavior of decision makers as “rational people” to maximize their own benefits in the process of land use and thus explains the underlying mechanism of land-use conflicts [17]. Although qualitative analysis methods can help us understand land-use conflict mechanisms and resolution strategies, it is difficult to measure land-use conflicts quantitatively [18].



In recent years, many scholars with different professional backgrounds and research perspectives have conducted extensive research on the identification of land use conflicts, and some quantitative analysis methods have been proposed. Commonly used quantitative analyses include pressure-state-response (PSR) [19,20], statistical regression analysis [21,22], multicriteria evaluation [23,24], and spatial analysis [7,25]. The PSR approach is essentially used to show the linkage between humans and nature, and it is used in the assessment of ecological safety and sustainable use of land to clearly understand the occurrence, development and transformation of things in a complex and changing environment and has basic systemic and integrity characteristics [26]. Statistical regression analysis is used to interpret the structural and quantitative evolution of land use and to make reasonable assumptions about the drivers that may affect changes in the future [27,28]. The multicriteria evaluation method is more flexible than the above methods and mainly focuses on multicriteria decision making. The resolution of land-use conflicts is a long-term and comprehensive process, and the use of this method can play a better role in mitigating land use conflicts [29,30]. The spatial analysis method diagnoses the spatial distribution pattern of land-use conflicts in the region by establishing land-use conflict data, identifying land use conflicts, and displaying land use conflict results on land use-related data through the GIS (geographic information system) function [31,32]. This method can quickly achieve the quantification and precision of land-use conflicts and is more suitable for the research and analysis of land-use conflicts in hilly areas.



Research on land-use conflicts in China started late. The relevant theories still need to be refined, the technical methods are not advanced, and there is a lack of a reliable scientific basis and objective evaluation criteria. In addition, the current research fields are mostly in large areas such as plain cities. Less attention has been given to hilly areas, and the existing studies do not reflect the influence of topographic features of hilly areas on land use conflicts.



Based on the theories of human–land relationships, landscape ecology and ecosystem balance, this study used spatial analysis with GIS, landscape ecological risk assessment and spatial autocorrelation analysis to explore land-use conflicts. Lin’an District, located in Hangzhou in the hilly areas of northern Zhejiang, was taken as a representative example. First, a model for land-use conflict measurement was constructed to identify the land-use conflicts between agricultural space and ecological space. Second, spatial autocorrelation and topographic gradient characteristics were analyzed. Finally, several trade-off mechanisms involved in land-use conflicts were proposed.




2. Study Area and Data Sources


2.1. Study Area


Lin’an District (Figure 1) in Hangzhou city is located in northwestern Zhejiang Province, bordering the main city of Hangzhou in the east and Huangshan in the west. In July 2017, Lin’an was established as a district, making it the youngest district in Hangzhou, with five streets and 13 towns (towns and streets are the smallest units in China’s administrative divisions). The eastern part of Lin’an has been basically integrated into the main city of Hangzhou and is a highly urbanized area. In contrast, the western part is low hilly area with a good ecological environment and rich species diversity. It is approximately 100 km wide from east to the west and 50 km long from north to south. The hilly area accounts for 86% of this district, which is referred to as having ‘nine mountains, half water and half farmland’. The elevation is high in the northwest and low in the southeast. The mountains in the northwestern part of the district are rugged, and the eastern part of the district is characterized by a staggered distribution of hilly and wide valley basins. Lin’an District is located on the southern edge of the subtropical monsoon climate zone and experiences a monsoon climate. Streams and ditches in the district show a crisscrossed pattern. The Changhua Stream, Tianmu Stream and Tiao River are part of the Qiantang River and Yangtze River systems. The agricultural industry in Lin’an District is dominated by Carya cathayensis (Chinese hickory) and Phyllostachys praecox (a cultivated species of bamboo). In 2018, the total household registered population of the whole region was 537,600, the GDP reached 53.963 billion yuan, the output value of the first, second and third largest industries accounted for 8.0%, 44.2% and 47.8%, respectively, and industry was developing well.




2.2. Data Sources and Processing


The data used in this study mainly included natural geographical data, socioeconomic statistical data and land-use data. The natural geographical data included Lin’an District DEM data with a resolution of 30 m × 30 m from the geospatial data cloud that was processed to provide slope data. Socioeconomic statistical data were obtained from the ‘Bulletin of National Economic and Social Development Statistics of Lin’an District in 2018’. Land-use data included land-use change survey data from 2008, 2013 and 2018, cultivated land quality data, nature reserves and other relevant data. Three land-use categories were established based on land-use planning classification standards, namely, agricultural space (cultivated land, garden land and other agricultural land), ecological space (forestland, grassland, water areas and natural reserves) and urban space (construction land).





3. Methods


3.1. Land-Use Conflict Measurement Methods


The spatial conflict caused by human activities is in essence a game of spatial resource occupation by various land users. Spatial conflict is accompanied by the utilization of land resources, resulting in the change of regional spatial pattern and function, which further affects the original physical, chemical and ecological processes and affects the nature conditions [33,34].



Referring to previous studies [35,36], we established a measurement model for land-use conflict based on the conceptual model of ecological risk assessment [33,34,37]. In terms of describing the pressure from human disturbance and deterioration of natural conditions, the ability of the land resources themselves to withstand conflict pressure, and the stability of the land system, three indexes including the land complexity index, land fragility index and land stability index were selected to evaluate the land-use conflict [34,38,39]. Mathematical linear models were used to characterize a comprehensive index of land-use conflict (CCI):


  C C I = L C I + L F I − L S I  



(1)







In this formula, CCI refers to the comprehensive index of land use conflict; LCI refers to the land complexity index; LFI refers to the land fragility index; and LSI refers to the land stability index. Since land use spatial conflict is a complex scientific problem, it is difficult to determine the impact of complexity, vulnerability and stability on land-use spatial conflict. Therefore, this study uses equal weight to calculate the comprehensive index of land use spatial conflict without considering its possible nonlinear influence.



	(1)

	
Land complexity index (LCI) [34,39]:







The complexity of land-use systems mainly reflects the external pressures associated with human activities and land development intensity. For the measurement of external pressure, it is mainly considered from the perspective of the comprehensive influence of the space unit and its surrounding area. Fractals are an effective tool for describing the spatial pattern of nature and the spatial complexity of geographical phenomena. Therefore, the area-weighted mean patch fractal dimension (AWMPFD) was used as a spatial index to describe the complexity of land use patches, with a view to reflecting the influence of land-use processes in neighborhoods on current land-use types. In general, the fractal values of natural landscapes that are less disturbed by human activities are high, while the fractal values of man-made landscapes that are highly influenced by human activities are low [40]. The calculation method was as follows (Formula (2)):


  L C I = A W M P F D =   ∑  i = 1  m     ∑  j = 1  n     2 ln ( 0.25   P   i j   )   ln   a   i j     ×     a   i j     A        



(2)







In this formula, Pij refers to the perimeter of the jth landscape patch of space type i; aij refers to the area of the jth landscape patch of space type i; A refers to the total area of the spatial unit; m refers to the number of space types; and n refers to the number of landscape patches. To simplify and standardize the calculations, the obtained index values were standardized to 0~1.



	(2)

	
Land fragility index (LFI) [39,41]:







The LFI represents the resistance of landscape patches to external pressures. The role of different landscape types in maintaining biodiversity, and improving overall structure and function varies. This difference is related to the stages in which different landscapes are in the natural succession process. In general, ecosystems in the primary succession stage, with simpler food chain structure and lower biodiversity are more fragile [42]. The fragility of each landscape in the space was used to calculate the LFI. The calculation method was as follows (Formula (3)):


  L F I =   ∑  i = 1  m     ∑  s = 1  r   f i s     ×   a i s  A   



(3)







In this formula, fis refers to the landscape fragility of land use types in space type i; ais refers to the landscape patch area of land-use types in space type i; A refers to the total area of the spatial unit; m refers to the number of space types; and r refers to the number of land-use types.



Land-use types were assigned landscape fragility values [31,43], as shown in Table 1. To simplify and standardize the calculations, the obtained index values were standardized to 0~1.



	(3)

	
Land stability index [31,39] (LSI):







One of the most significant effects of land-use conflicts on regional spatial patterns is the fragmentation of landscape patches, which presents as a changing process from a continuously varying structure to a mosaic of patches that tend to be complex, heterogeneous and discontinuous. The conservation of many biological species requires large areas of natural habitat. With the fragmentation of the landscape and the shrinking area of patches, the environment suitable for living organisms is decreasing, which will directly affect the reproduction, dispersal, migration and conservation of species. Therefore, landscape fragmentation is one of the main reasons for the loss of biodiversity and decline of ecosystem stability.



Patch density (PD), a commonly used landscape index, was used to represent landscape fragmentation and reflect the degree of land stability. A higher PD value indicates a higher degree of landscape fragmentation, poorer land stability, and the more intense the conflict in a unit area [35,44].



Therefore, the LSI can be expressed as the reverse of the PD and was calculated as follows (Formula (4)):


LSI = 1 − PD



(4)







The PD was calculated as follows (Formula (5)):


  P D   =      n i   A   



(5)







In this formula, ni refers to the number of landscape patches of space type i, and A refers to the total area of the spatial unit. To simplify and standardize the calculations, the index values obtained were standardized to 0~1.



A 500 m × 500 m grid was selected as the measurement unit based on the research scale, the total amount of data, and the landscape patch situation. Based on the results of existing research [44], the conflict values were classified into four grades: stable and controlled [0,0.4], basically controlled (0.4,0.6], basically uncontrolled (0.6,0.8] and severely uncontrolled (0.8,1.0].




3.2. Land-Use Conflict Spatial Analysis Methods


3.2.1. Spatial Autocorrelation Analysis


Spatial autocorrelation analysis reflects the correlation between the values of a variable in a space and the surrounding space and can also be used to determine whether there is autocorrelation between the different spaces. To study the spatial distribution of spatial units with different degrees of land-use conflict, this research used GeoDa 1.14 software to establish spatial weights based on adjacency relationships and used the global spatial autocorrelation index Moran’s I and the local spatial autocorrelation index LISA [45,46,47] to measure the spatial autocorrelation characteristics of land-use conflict in Lin’an District.



	(1)

	
Global spatial autocorrelation index. The global spatial autocorrelation index Moran’s I was calculated as follows (Formula (6)):








     M o r a n  ′  s   I   =    n    ∑  i = 1  n     ∑  j = 1  n    W   i j        ×     ∑  i = 1  n     ∑  j = 1  n     W   i j   (  x i  −  x ¯  ) (  x j  −  x ¯  )         ∑  i = 1  n     (  x i  −  x ¯  )  2        



(6)





In this formula, n refers to the total number of sample points of variable x; xi and xj refer to the values of variable x at spatial locations i and j, respectively;      x ¯    refers to the average values of n location attribute values; and Wij refers to the elements of the binary spatial weight matrix W in general cross-product statistics, which reflect the location similarity of spatial units.



Moran’s I reflects the degree of similarity in the comprehensive index of land use conflict in units around a space. Its value range is [–1,1]; values of (0,1] indicate positive spatial autocorrelation, 0 indicates no spatial autocorrelation, and values of [–1,0) indicate negative spatial autocorrelation [48]. Based on this analysis, the Monte Carlo simulation method was used to calculate the Z value and the P value for further testing.



	(2)

	
Local spatial autocorrelation index. The local spatial autocorrelation index LISA was calculated as follows (Formula (7)):








   L I S A   =     n (  x i  −  x ¯  )     ∑ i     (  x i  −  x ¯  )  2         ∑ j    W   i j   (  x i  −  x ¯  )     



(7)





When the LISA index value is positive, the similarity values around a unit are clustered in space; when the LISA index value is negative, non-similar values around the unit are clustered in space.




3.2.2. Terrain Gradient-Based Analysis


Topographic factors have a key influence on a land-use pattern. Lin’an District is a typical hilly area with large topographic undulations, scarce arable land resources, and tense human–land relations. The characteristics of land use conflicts vary significantly with changes in topographic features. Therefore, the slope factor was chosen to explore the topographic gradient characteristics of land-use conflicts in Lin’an District.



The reclassification module of ArcGIS was used to classify the slope index to quantitatively explore the land-use conflict characteristics in Lin’an District. With reference to the current classification standards and the actual surface morphology of the study area, the slope reclassification of Lin’an District was divided into three categories, namely, low slope [0°, 6°], medium slope (6°, 25°] and high slope (25°, 90°]. After that, the spatial distribution of the land-use conflict degree in 2008, 2013 and 2018 were overlaid with the slope classification to explore the characteristics of land-use conflicts under different slope conditions in Lin’an District.






4. Results


4.1. Changes in Potential Land-Use Conflicts


The quantitative results (Table 2) showed that the potential land-use conflicts between agricultural space and ecological space in Lin’an District showed an increasing trend during the study period. Specifically, the proportion of spatial units with controlled grades in 2008–2018 was 86.19~88.33%, which accounted for nearly 90% of the total units of agricultural and ecological spaces in Lin’an District. The proportion of spatial units with stable and controlled grades fluctuated, showing a trend of first decreasing and then increasing; the proportion increased by 0.47% during 2013 and 2018, but that increase was far lower than the decline during 2008 and 2013 (0.83%). The proportion of basically controlled spatial units continued to decline during 2008 and 2018. The proportion of basically uncontrolled spatial units increased over time, and the increase in 2013–2018 was 2.14 times that in 2008–2013. The proportion of severely uncontrolled spatial units also continuously increased, from 3.23% in 2008 to 4.24% in 2018.



The spatial distribution (Figure 2) clearly shows the expansion trend of uncontrolled (basically uncontrolled and severely uncontrolled) spatial units, and the distribution area of controlled spatial units continuously decreased over the study period. The distribution of stable and controlled spatial units in 2008–2018 was scattered throughout the Towns and Streets. The basically controlled spatial units were the most widely distributed, and their distribution area decreased during 2008 and 2018. The land-use types inside these spatial units mainly included forestland. In 2008, Yuqian town was the center of the zonal distribution of basically uncontrolled spatial units, and cultivated land was the main land-use type in these spatial units. Between 2013 and 2018, these spatial units were increasingly widely distributed and scattered. In 2008, the severely uncontrolled spatial units were mainly distributed in Qingshanhu Street, Jinnan Street, Qianchuan town, Qingliangfeng town and so on. With the passage of time, these spatial units gradually spread to the surrounding areas. By 2018, some spatial units gradually changed from basically uncontrolled to severely uncontrolled. The main areas of this change included Tianmushan town, Yuqian town and Longgang town.




4.2. Spatial Pattern Analysis of Potential Land-Use Conflict


Table 3 shows that the Moran’s I values for land use conflicts in Lin’an District in 2008, 2013 and 2018 were 0.238, 0.253 and 0.232, respectively, indicating that the comprehensive index of land-use conflict in Lin’an District showed significant and positive global spatial autocorrelation.



To reveal the spatial relationships among local spatial units in Lin’an District, this research further calculated the local spatial autocorrelation index LISA and obtained clustering and significance results for land-use conflict. In the quantitative clustering results (Figure 3), except for the non-significant spatial units, the spatial units were dominated by high-high aggregation, which accounted for 5.54%, 5.92% and 5.04% of the units in 2008, 2013 and 2018, respectively. The spatial units with low-low aggregation changed significantly, increasing from 4.59% in 2008 to 5.70% in 2013 and then decreasing to 4.65% in 2018. Over the 10 years, the proportion of spatial units with low-high aggregation remained between 4.93% and 5.67%. The proportions of spatial units with the above three clustering grades were similar; all of them were approximately 5% and increased first and then decreased. The proportion of spatial units with high-low aggregation was the smallest, but it continued to increase, reaching its highest proportion of 0.81% by 2018. The proportion of nonsignificant spatial units was the highest; it remained higher than 80% during the period 2008–2018 and showed a trend of first decreasing and then increasing. The above results show that the spatial unit clustering of land-use conflict was the most significant in 2013.



The distribution areas of high-high aggregation, low-low aggregation and low-high aggregation spatial units in the clustering results were relatively similar (Figure 4). The high-high aggregation spatial units were mainly distributed zonally. In addition, there were obvious aggregation areas in the eastern region. The cultivated land, garden land and water areas were interlaced in these spatial units, and the land-use types were more complex. The low-low aggregation spatial units were scattered, and the streets of each town had low-low aggregation spatial units. Their distribution in Sun town was the most obvious; this area was mainly grassland, the surrounding land-use type was uniform, and the conflict level was low. The low-high and high-low aggregation spatial units were distributed on the periphery of the high-high and low-low aggregation spatial units, respectively, and the latter had a smaller area of distribution. The non-significant spatial units were the most widely distributed and had a continuous distribution; these units were mainly forests.



The spatial units with p = 0.001 in the significance results (Figure 5) have obvious clustering areas, mainly in the eastern part, Qianchuan town, Heqiao town, Longgang town and Qingliangfeng town. The spatial units with p = 0.01 and p = 0.05 were distributed sequentially at their periphery, with the latter having the largest distribution area except for the non-significant spatial units. The distribution characteristics of the non-significant spatial units were consistent with the clustering results.




4.3. Topographic Gradient Feature of Potential Land-Use Conflict


To study the spatial-temporal differentiation of land-use conflict between agricultural space and ecological space under different topographic gradient conditions in Lin’an District, the slope factor was selected to analyze the topographic gradient characteristics of the areas with different conflict degrees.



The land-use conflict degree in the low-slope areas was the highest over the ten years (Figure 6). Controlled spatial units did not show an obvious advantage, and the proportion of uncontrolled spatial units increased over the 10 years. In 2018, more than half of the total low-slope area had an uncontrolled grade of land-use conflict. The degree of land-use conflict in the medium-slope area from 2008–2018 was low, but it showed an increasing trend. The proportion of basically controlled spatial units was maintained at higher than 80%, but it showed a downward trend because of the expansion of uncontrolled spatial units and was reduced by 3.12% in total. The degree of land-use conflict in the high-slope area was the lowest over the 10 years. The proportion of controlled spatial units remained between 93.85% and 94.88%, and the severely uncontrolled spatial units gradually became basically controlled spatial units, indicating that they became better controlled. The proportion of severely uncontrolled spatial units decreased continuously by 0.35% from 1.64% in 2008.





5. Discussion


5.1. Characteristics of Land-Use Conflict


It is important to carry out land-use conflict research to realize the coordinated development of regional agricultural space and ecological space, ease the pressure on land resources and human–land conflicts, establish a harmonious human–land relationship between production and ecology, and give full play to regional resource advantages for scientific development.



In this paper, a land-use conflict measurement model [35] was constructed to identify the land use conflict between agricultural space and ecological space taking Lin’an District in Hangzhou City, a hilly area in northern Zhejiang Province, as an example. The study found that although the conflict between agricultural space and ecological space in Lin’an District was generally controlled, there were also areas in which the conflict was uncontrolled due to the complex shape and high fragmentation of the patches [49]. The rapid development of the economy has resulted in the continuous expansion of agricultural land such as cultivated land and the occupation of ecological land such as forestland and grassland [50]. On the one hand, the increase in the output of agricultural production has led to the continuous expansion of agricultural land such as arable land and garden land, while large areas of ecological land such as water surface, woodland and pasture were occupied. On the other hand, as arable land with high slopes is not suitable for agricultural production, the arable land was abandoned and evolved into ecological land naturally, resulting in the phenomenon of the compound use of agricultural space and ecological space is more common in Lin’an. These changes have led to increasing degrees of conflict, the gradual expansion of uncontrolled areas, and the massive extrusion of controlled areas. Therefore, management measures should be implemented in time to prevent further deterioration and to ensure the overall balance and sustainable development of agriculture and ecology in Lin’an District.The main land types of agricultural space include arable land, garden land and other agricultural land, which are closely related to human activities and are, therefore, subject to more human activities, with increasing landscape fragmentation and consequent declines in land stability; therefore, their land-use conflicts are also higher [51]. Lin’an District has adopted strict ecological protection policies, delineating ecological red lines and focusing on protecting land with high ecological benefits such as water areas, and these protection policies have played an important role in promoting regional development. These conservation policies have played an important role in promoting the sustainable and healthy development of the region and alleviating the regional land-use conflicts.



The degree of land-use conflict (Figure 7) in Lin’an District is closely related to economic development, land use and other related factors [52]. As the process of urban–rural integration progressed, adjacent town streets showed high similarity in these aspects, and these similarities resulted in spatial autocorrelation in land-use conflict. The spatial aggregation effect of land use conflict in Lin’an District in 2013 was the most obvious. The overall spatial pattern was relatively stable over the 10 years, with no major changes. The spatial autocorrelation in the eastern region and in towns such as Qianchuan town and Heqiao town was significant due to the complexity of the land-use types.




5.2. Differences in Land-Use Conflict Gradients


To study the spatial and temporal land-use conflicts between agricultural and ecological spaces under different gradient conditions in Lin’an District, this paper selected the slope factor to analyze the topographic gradient characteristics of the conflicts.



The performance of uncontrolled conflicts was the most obvious in the low-slope area of Lin’an District, and the distribution of spatial units with basic controllable conflict levels in the areas with medium- and high- slopes had an absolute advantage.



The main land-use conflict categories in the low-slope area from 2008 to 2018 were arable land and water and were distributed in a band with Yu Qian town as the center. The uncontrolled conflict units in this area were more aggregated and gradually expanded to squeeze the controllable grade with the passage of time, and the degree of land-use conflict was increasingly intensified. This was due to the flat terrain, fertile soil and abundant water in the low- slope area of Lin’an District, which is suitable for human production activities. The increased intensity of land use makes the land structure ratio increasingly imbalanced, and the land use conflict is more serious [53].



The main land types of land-use conflicts in the medium-slope region from 2008 to 2018 were mainly forestland, and the spatial units of the basic controllable conflict levels were the most widely distributed and fragmented. The spatial units of the uncontrollable grade were also scattered, mainly distributed at the junction of the medium-slope and low-slope areas, and showed a gradual expansion trend. This is because the production conditions in the medium-slope areas are inferior to those in the low-slope areas, their land-use conflicts are more moderate, and the proportion of land-use structure is more reasonable [54].



High-slope areas had forestland and grassland as the main land types from 2008 to 2018, which were concentrated in the central and western areas. Spatial units with basic controllable conflict levels occupied the majority of the distribution and had a high degree of contiguity. The spatial units with severe uncontrollable conflict grades were scattered, and the distribution area gradually decreased; only in Jinan Street in 2018 was there a more obvious performance. This is due to the steep terrain and inconvenient transportation in the high-slope area, which is not suitable for production activities; in addition, the current land risk in the high-slope area is low, and the scale and pattern of the regional landscape are well protected [55].




5.3. Trade-off Mechanisms in Land-Use Conflict


Under the current territorial spatial planning system in China, the Lin’an District Government manages the territorial space mainly by preparing territorial spatial planning and delineating “three zones and three lines”. The “three zones” refer to ecological, agricultural and urban function spaces, and the “three lines” refer to the “three control lines” of ecological protection red line, permanent basic agricultural land and urban development boundary. It provides for special protection of arable land and strict control of conversion of arable land to other agricultural land such as forest, grassland and garden land. Land with important ecological functions or ecologically sensitive land should be designated ecological protection red line in accordance with the law and implement strict protection. Under the planning constraints, spatial conflicts between ecology and agriculture often do not occur in strictly controlled areas, but in the transition zone between ecology and agriculture or in the multi-appropriate areas for ecological and agricultural use. Based on the identification and analysis of land-use conflicts between agricultural space and ecological space in Lin’an District, the trade-off mechanisms for land-use conflict were identified as follows:




	(1)

	
Optimizing land-use structure and improving land-use efficiency









To realize the sustainable development of its society, Lin’an District should strengthen environmental protections on the basis of ensuring the supply of production land. In addition, the district should continuously improve the efficiency of land resource utilization by adjusting the land resource utilization structure and implementing land recycling to realize a ‘win-win’ situation for production development and ecological protection.



Lin’an District should actively optimize its ecological structure on the basis of ensuring food security; return cultivated land with low production efficiency to forestland, grasslands and lakes; carry out afforestation and greening; increase landscape connectivity; reduce patch fragmentation; improve land stability; and enhance the quality of the natural environment and the suitability of the regional landscape ecology [56]. In areas with advantageous production conditions, Lin’an District should make effective use of the surrounding production resources. The government should actively promote regional agricultural restructuring and the reasonable cultivation of woodlands, grasslands and other ecological areas to ensure ecological security; cultivate agricultural lands appropriately for the actual local situation; build economic garden belts such as vegetable and fruit gardens; improve connectivity with existing agricultural lands; increase land-use efficiency; and slow the increase in land-use conflicts.



	(2)

	
Coordinating land resource allocation and promoting coordinated regional development







Lin’an District should coordinate its resource elements, rationally allocate its land resources, optimize the structural proportion and spatial layout of the land, construct a balanced and unified spatial planning system, persist in ‘drawing a blueprint to the end’, continuously promote the integration of land resources, strengthen the optimal allocation of land resources, and achieve an efficient supply of land resources [57]. The terrain in Lin’an District is mainly hilly, and land-use conflict varied obviously with the difference of topography and geomorphology. According to the different characteristics of land-use conflicts, allocating land resources according to local conditions is of great significance to rational land development and utilization and can have substantive effects on promoting coordinated development in the region.



	(3)

	
Clearing classification protection and implementing differential use control







Lin’an District should further refine and classify agricultural and ecological spaces based on the importance of their land functions and the policy protection level. This further classification could form a classification control system to determine the ‘red line’ for permanent basic farmland protection and the ‘bottom line’ for ecological protection, establish a classification-based spatial protection system, and improve the quality and stability of natural and agricultural ecosystems [58]. At the same time, strengthening the top-level design of controls on national territory use, refining the rules for the control of the differential uses of agricultural space and ecological space, and planning for and taking into account the functional attributes of different land resources as a whole are conducive to adapting to the existing management system and its daily regulatory needs as well as to promoting regional economic development.



	(4)

	
Realizing multiple land values and improving the structural layout of industry







Land has multiple functional values, such as agricultural production and ecological services [59]. In the process of land development and utilization, the one-sided value of a certain function of land should not be evaluated alone; rather, multiple values of land should be considered together to maximize the benefit of land resources. Lin’an District has abundant resources, such as natural ecosystems and technological industries. It should make rational use of its resource advantages and follow the patterns of social development to perfect the land structure layout of primary, secondary and tertiary industries. The district should also actively carry out scientific and technological innovations, reduce industry dependence on land, improve land-use efficiency, and increase the land output rate and income of enterprises. Continuing to promote scientific and technological innovation, strengthening the development of industrial science and technology as well as the environment, and increasing the yield per mu through the cultivation of new scientific and technological industries will reduce land-use conflicts.



	(5)

	
Adhering to people-oriented concepts and strengthening public messaging and guidance







The process of land resource allocation in Lin’an District should adhere to people-oriented concepts and comprehensively consider the production, ecological and other functions of land resources [60]. Through this process, the total interests of all land-use stakeholders can be maximized and the global optimum can be achieved. At the same time, policy makers should establish a benign interaction mechanism, strengthen information transmission and guidance, and strive to coordinate the interests of all parties. By allowing full participation of the majority of stakeholders and incorporating public feedback into the revision and improvement of the policy system in a timely manner, land-use conflicts can be effectively mitigated.



For its theoretical framework, this research applied the theory of conflict identification and evaluation to the process of land use management and constructed a theoretical framework for research on conflicts between agricultural space and ecological space. In practical applications, hilly areas are usually selected as research areas at the county scale. However, the identification of land-use conflict in agricultural space and ecological space involves many aspects of production and ecology, and there are some limitations to constructing conflict identification models by using the landscape ecological risk assessment method alone.



However, this paper does not take into account the theory of ecology-production-economy compound zones. This theory classifies human activities and land-use types by defining the types and restrictions of human activities and then defines two types of regional zones: urban tourism economic zones and urban production economic zones. Urban tourism economic zones are distributed in areas with convenient transportation and lifestyle amenities, and the tourist landscape is mainly a human-based landscape. Urban production economic zones are mainly paddy fields, which provide ecological value for cities and towns to some extent. The theory of ecology-production complex areas may provide a new interpretation of the current conflicts in the urban ecological agricultural environment. In the future, we should broaden the methods used in this study, further verify and refine the model, and generate results that are more scientific.





6. Conclusions


Taking Lin’an District in Hangzhou City in the hilly areas of northern Zhejiang Province as an example, this research constructed a measurement model for land-use conflict by using the landscape ecological risk assessment model method. The land-use conflicts between agricultural space and ecological space were identified and analyzed, and trade-off mechanisms for land-use conflict were proposed. The main conclusions are as follows:



Land-use conflicts are a direct driver of the changing land-use structure of agricultural and ecological spaces in Lin’an District. The degree of land-use conflict in Lin’an District from 2008 to 2018 was generally dominated by controlled conflict. However, with continuous urbanization, the degree of land-use conflict showed an increasing trend, the expansion trend of uncontrolled spatial units was clear, and the distribution area of controlled spatial units decreased continuously.



The comprehensive index of land-use conflict showed significant and positive global spatial autocorrelation and clear spatial aggregation effects at the 99.9% confidence level. Except for the non-significant spatial units, the other spatial units were mainly highly aggregated (p = 0.05), and the spatial unit clustering and significance for land-use conflict were the most prominent in 2013.



The characteristics of land-use conflict were obviously different among areas with different topographies. The conflict levels in the low-, medium- and high-slope areas were all dominated by basic controllability. The slope was negatively correlated with the degree of land-use conflict, with uncontrolled conflict being most evident on low slopes and the distribution of basically controllable spatial units being absolutely dominant on medium and high slopes.



To characterize land-use conflict in Lin’an District, this research proposed specific trade-off mechanisms of land-use conflict from five perspectives. These mechanisms provide a theoretical basis and practical support for the control of conflicts between agricultural space and ecological space.
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Figure 1. Geographic location of Lin’an District. 
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Figure 2. The degrees of land-use conflict between agricultural and ecological spaces in Lin’an District, 2008–2018. (a) 2008. (b) 2013. (c) 2018. 
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Figure 3. Changes in the local spatial autocorrelation of land-use conflict in Lin’an District, 2008–2018. (a) Clustering results. (b) Significant results. 
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Figure 4. Local spatial autocorrelation of potential land-use conflict in Lin’an District, 2008–2018. (a) 2008. (b) 2013. (c) 2018. 
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Figure 5. Significant results for local spatial autocorrelation of potential land-use conflict in Lin’an District. (a) 2008. (b) 2013. (c) 2018. 
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Figure 6. Changes in the degree of land-use conflict in areas with different slopes in Lin’an District, 2008–2018. (a) Low slope. (b) Medium slope. (c) High slope. 
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Figure 7. Spatial distribution of potential land-use conflict between agricultural and ecological spaces in low-, medium- and high-slope areas. (a) 2008 low-slope areas. (b) 2013 low-slope areas. (c) 2018 low-slope areas. (d) 2008 medium-slope areas. (e) 2013 medium-slope areas. (f) 2018 medium-slope areas. (g) 2008 high-slope areas. (h) 2013 high-slope areas. (i) 2018 high-slope areas. 
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Table 1. Assessment of the landscape fragility of agricultural spaces and ecological spaces in Lin’an District.
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Space Type

	
Land-Use Type

	
Landscape Fragility Value






	
Agricultural space

	
Cultivated land

	
3




	
Garden land

	
5




	
Other agricultural land

	
1




	
Ecological space

	
Forestland

	
2




	
Grassland

	
4




	
Water area

	
6




	
Nature Reserve

	
7
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Table 2. Changes in the degree of land-use conflict between agricultural and ecological spaces in Lin’an District, 2008–2018.
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Conflict Grade

	
Conflict Value

	
Number of Spatial Units

	
Percentage of Spatial Units

	
Change Rate




	
2008

	
2013

	
2018

	
2008

	
2013

	
2018

	
2008–2013

	
2013–2018






	
Stable and controlled

	
0~0.4

	
368

	
268

	
322

	
3.09

	
2.26

	
2.73

	
−0.83

	
0.47




	
Basically controlled

	
0.4~0.6

	
10,163

	
10,060

	
9843

	
85.24

	
84.84

	
83.46

	
−0.4

	
−1.38




	
Basically uncontrolled

	
0.6~0.8

	
1006

	
1043

	
1129

	
8.44

	
8.80

	
9.57

	
0.36

	
0.77




	
Severely uncontrolled

	
0.8~1.0

	
385

	
487

	
500

	
3.23

	
4.10

	
4.24

	
0.87

	
0.14




	
Total

	
11,922

	
11,858

	
11,794

	
100.00

	
100.00

	
100.00

	
0.00

	
0.00











[image: Table] 





Table 3. Changes in the global spatial autocorrelation of land-use conflict in Lin’an District, 2008–2018.
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Value

	
Variance Value




	
2008

	
2013

	
2018

	
2008–2013

	
2013–2018






	
Moran’s I

	
0.238

	
0.253

	
0.232

	
0.015

	
−0.021




	
Z

	
51.792

	
52.970

	
48.680

	
1.178

	
−4.290




	
P

	
0.001

	
0.001

	
0.001

	
0.000

	
0.000
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