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Abstract

:

The accelerated urbanization process has resulted in increasingly prominent conflicts in land resource utilization and caused numerous ecological and environmental issues. Simulating the evolutionary patterns of land use conflicts (LUCs) is the foundation for promoting sustainable land use. The Markov and GeoSOS-FLUS models were used to predict the land use patterns under three different development scenarios, and to analyze the spatio-temporal characteristics of LUCs in Xiamen, China in 2030. Results showed the following: (1) From 2010 to 2020, land use/cover in Xiamen has changed substantially, with an increase of 6.93% in area of construction land and a decrease of 5.40% in area of cropland. (2) In the natural development scenario, the area of construction land in Xiamen is projected to increase, while the areas of cropland and other land types reduce. In the policy intervention scenario, the area of cropland continues increasing and the growth of construction land is effectively controlled. Under the sustainable development scenario, cropland, grassland, and wetlands of high quality that serve important ecological functions have been effectively protected. (3) LUCs in Xiamen differ greatly under the three scenarios in 2030. The sustainable development scenario (SDS) balances the land use needs of both socio-economic development and regional ecological security with the least LUCs, which could be an optimum solution for the long-term sustainable development in Xiamen. The results of this study provide support for decisions about eco-city construction and geospatial planning.
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1. Introduction


With rapid socio-economic development and accelerated urbanization, the conflict between increasing land use demand and limited land resources has become more and more prominent since the 1990s [1,2]. Competitive land behaviors such as the construction land encroachment on arable land and ecological land have resulted in a serious imbalance in land use structure, and the deterioration of the ecological environment [3]. Frequent land use conflicts (LUCs) problems have become a serious obstacle to the sustainable use of land resources. Therefore, studying the spatio-temporal changes of LUCs is of great importance for promoting regional high-quality development and achieving coordinated regional development, which is a current research hotspot among scholars in China.



LUCs refers to the inconsistency and disharmony among various stakeholders during the process of land resource utilization with respect to land use methods and quantities, and the state of conflicts between land use methods and the ecological environment [4,5]. How to assess the level of LUCs and promote high efficiency and rational land use are major concerns for policy makers and researchers. Many previous studies have focused on conflict type identification, conflict driver analysis, and spatio-temporal dynamic analysis. Different models, including the multi-objective evaluation method [6], game theory [7], actor network analysis [8], rapid rural appraisal [9], and landscape pattern analysis [10], were used to quantify regional land use intensity and conflict characteristics. For example, Meng, et al. [10] conducted an attribution analysis of LUCs by analyzing the correlation between LUCs indices, socio-economic factors, and natural environmental factors in the Heihe River. Zhang, et al. [11] analyzed LUCs based on 3S technology, which obtained a spatial layout of LUCs, and explained the spatio-temporal changes in LUCs in the Yangtze River Delta city cluster over the past 40 years. Kuusaana, et al. [12] examined the land tenure system in the Asante Akim North District of Ghana, and how it affects LUCs between Fulani pastoralists and smallholder farmers by using a mixed qualitative approach of surveys, in-depth interviews, and focus group discussions. Steinhäußera., et al. [13] conducted interviews with national and regional stakeholders through participatory survey methods to analyze which LUCs exist and the similarities and differences between national and regional levels and priority regions in Germany. However, most of the current research is focused on LUCs in developed regions at a relatively large spatial scale based on historical spatial land use data [14], Only a few studies assessed future LUCs based on landscape structure at the microscopic scale.



To evaluate future LUCs, land use and land cover change (LUCC) simulations and predictions under different development scenarios are imperative [15]. In recent years, the commonly used LUCC simulation models include the Markov model [16], systems dynamics (SD) model [17], cellular automata (CA) model [18], and the conversion of land use and the extent of its effects on small regions (CLUE-S) model [19]. The Markov model mainly relies on the transition probabilities between different land use categories, but neglects the spatial distribution of land use changes [20,21]. The CA and CLUE-S model can simulate the spatial distribution of land use changes, and assess the influence of various factors on LUCC, such as natural and human drivers [22]. However, the determination of driver weights in the CA model depends on expert experience, which is subjective and easily influenced by human factors [23], and it cannot simulate and predict land use changes caused by factors such as policy planning and climate impact [24]. Therefore, coupling models of the Markov, CA, and CLUE-S models are expected to solve the inherent limitations of a singular model while simulating spatial changes in land use [25]. Liu, et al. [26] proposed a future land use simulation model (GeoSOS-FLUS) based on a traditional CA model. The GeoSOS-FLUS model can better address the relationship between driving forces and simulate the long-term spatial evolutionary trajectory of various types of land use. By coupling the top-down system dynamics with the bottom-up cellular automata, an adaptive inertia and competition mechanism is established in the CA model, which can effectively deal with the complexity and uncertainty among the intercon-version of different land use types from regional to national scales. The GeoSOS-FLUS model is currently broadly utilized in land use simulation [27], urban expansion simulation [28], and ecosystem services value [29]. In this study, we selected the Markov model combined with the GeoSOS-FLUS to simulate the LUCC in Xiamen.



The contribution of the paper is twofold. Firstly, most previous studies focused on larger-scale regional land use simulation and land use conflict assessment, while this study attempted to provide a reference for policy makers to develop future urban land planning layouts through case studies at the city level. Secondly, this paper simulated future land use conflicts based on different development goals such as cropland protection and ecological civilization construction, which can complement the analysis of the historical status of land use and supplement the planning that mostly is limited to the analysis of the current situation.



This study first assessed the historical land use dynamics during the period of 2010–2020 and simulated future land use trends in Xiamen, China using the Markov and the GeoSOS-FLUS model under three future scenarios: the natural development scenario (NDS), the policy intervention scenario (PIS), and the sustainable development scenario (SDS). Next, a comprehensive LUCs index measurement model was built based on the landscape pattern to analyze the differences in conflict levels and changing characteristics of the LUCC under the future scenarios. This study can provide support for land use management and ecological city construction in Xiamen and can be expanded to other regions in China.




2. Methods


2.1. Study Area


Xiamen is one of the special economic zones of China, and the central city of the Fujian region. It is located in the southeast of Fujian Province (117°53’–118°26’ E, 24°23’–24°54’ N) and consists of Xiamen Island and other islands and land areas, including six municipal districts (Figure 1). The area of Xiamen is approximately 1700.61 km2. It has a subtropical maritime monsoon climate. Xiamen has experienced a rapid urbanization since the 1990s. The permanent population of Xiamen has increased from 3.56 to 5.18 million, while the GDP has increased from RMB 205.37 to 638.40 billion for the period of 2010–2020. The urbanization rate increased from 88.33 to 89.41%, ranking it first in the Fujian province, which is higher than that of Shanghai and Beijing. The rapid urbanization process has brought substantial land use change, resulting in a structural and functional imbalance of ecosystem services in Xiamen. The excessive urbanization is incompatible with the sustainable development that Xiamen needs [30].




2.2. Data Resources


The datasets used in the study are presented in Table 1, including the land use data, meteorological data, and traffic data.




2.3. LUCC Classification


Land use data in 2010, 2015, and 2020 were obtained from the global land cover data set developed by the European Aviation Agency. The raw data were taken from the Envisat satellite and photographed by the Medium Resolution Imaging Spectrometer (MERIS) sensor. The dataset provides global maps describing the land surface into 22 classes, which have been defined using the United Nations Food and Agriculture Organization’s (FAO) Land Cover Classification System (LCCS). The dataset can be used to study land cover trends, ecosystems, and climate change [31]. Based on the FAO-LCCS, we used the Reclassify tool with the support of ArcGis 10.8 software to integrate the original 22 land cover categories into cropland, forest, grassland, wetland, building land, and other land.




2.4. Methods


2.4.1. Scenario Design


Based on the historical land use trends and the 14th Five-year Construction of Ecological Civilization Plan in Xiamen, three future land use development scenarios were designed in this study.



	(1)

	
The NDS







This scenario was designed based on the natural development in which the LUCC keeps pace with the historical trend from 2010 to 2020, and is affected by natural and human factors in Xiamen. Under this scenario, neither restrictions on mutual conversion of various types of land, nor policy planning constraints were considered. The Markov model was used to predict the area of each land use type in the future, which can be used as the scale demand parameter in the GeoSOS-FLUS model and was the basis for other scenarios.



	(2)

	
The PIS







According to the Overall Plan for Land Utilization in Xiamen (2006–2020) and the 14th Five-year Agriculture and Rural Development Special Plan in Xiamen, the basic cropland protection area would remain at 88.67 km2 and the area of high-standard cropland would reach 10.67 km2 during the 14th Five-year Plan period. The scenario was designed based on the NDS and the two above plans, which aims to optimize the agricultural industry structure and spatial layout, and to promote urban modern agriculture development. Under this scenario, the permanent basic cropland protection areas and urban agricultural concentrated areas cannot be converted into other land use types. In the meantime, the Markov transition probability matrix is revised, and the probability of converting cropland into construction land is controlled at 10% in accordance with a study from the literature [32]. The transition probabilities of grassland and other land transfer to cropland is set 10% higher than the original values and cropland protection will be strictly implemented.



	(3)

	
The SDS







This scenario considers the harmonious development between city development and ecosystem protection, aiming to achieve a high-quality spatial development in Xiamen. The scenario is also designed based on the natural development scenario. Under the scenario, the ecological protection red line restricted area cannot be converted into other land use types. The total probability of conversion of forest to other types decreased by 10%, the probability of conversion of cropland and construction land to forest increased by 10%, and the probability of the conversion of grassland and other land to forest increased by 50%.




2.4.2. The Markov Model


The Markov model is a dynamic random model that can calculate the conversion ratio among different land use types and predict future trends [33]. This study used the Markov model to simulate the future land use demands in 2030.



Firstly, we generated a transfer probability matrix of land use type for the period of 2010–2015 and 2015–2020 using the Markov model based on land use data in 2010, 2015, and 2020. The land use demand of Xiamen in 2030 under the natural development scenario was predicted based on land use in 2020 and the conversion probability of different land use types. To improve the simulation accuracy and eliminate possible deviation in long-term simulations, the demand for each land use type in 2025 and 2030 was predicted successively with an interval of five years. Finally, we obtained the trend of spatial land use changes in Xiamen under different scenarios.




2.4.3. The GeoSOS-FLUS Model


The GeoSOS-FLUS model is derived from the cellular automata (CA), with an integration with the artificial neural network (ANN) and system dynamic model (SD), and therefore has a higher simulation accuracy compared to other traditional models such as CLUE-S [26,34].



The study first used the embedded ANN to integrate all the selected human activities and natural driving factors, and to calculate the occurrence probability of various land types on each unit pixel. The sampling mode of training samples obtained by the ANN was set as the random sampling mode, and the values of the 13 driving factors were normalized. The suitability probability image for each land use type was calculated as follows:


  p   p , k , t   = ∑    j   w  j , k   ×  1  1 +  e  − n e  t j    p , t        



(1)




where   p   p , k , t     is the suitability probability of the kth land use type on grid  p  and time  t ;    w  j , k     is the adaptive weight between the hidden layer and the output layer; and   n e  t j    p , t     is in the hidden layer, the signal received by neuron  j  from all input neurons on grid cell  p  at time  t .



The probability of land use conversion also depends on the weights of the neighborhood factors and adaptive inertia competition mechanism. The neighborhood impact factors, which can reflect the interactions between different land use types, were set based on a previous study [35]. As shown in Table 2.



During the iterative process, the inertia coefficients for different types of land were determined according to the adaptive adjustment of the gap between their current area and the future demand. Next, the conversion cost matrix was designed for each of the scenario. Considering it is difficult to convert water to other land use types, it was set as a restricted area in future land use scenarios. In addition, the permanent basic cropland protection area in the policy intervention scenario and ecological the red line protection area in the sustainable development scenario were used as restricted areas. Finally, the CA was used to simulate the spatial layout of land use based on the newly generated conversion probability of different land use types.




2.4.4. Land Use Conflicts Model


Referring to previous studies [10,14], this study combined the ecological risk assessment conceptual model and landscape ecological index to build a LUCs model. The model not only describes the landscape spatial pattern, but also reveals regional ecological risks [36]. The LUCs model can be represented as follows:


  L U C s = P + V − S  



(2)




where   L U C s   is the land use conflicts,  P  is the external pressure,  V  is the vulnerability, and  S  is the stability. Three indicators of land use disturbance (external pressure), vulnerability, and stability were selected for measuring the intensity of LUCs in Xiamen [37,38].



	(1)

	
Land use disturbance index (LUDI)







LUDI reflects the external pressure on the land system and can be considered as the risk source of LUCs. The area-weighted mean patch fractal dimension (AWMPFD) was chosen to calculate the LUDI. It is an index to represent the spatial complexity of the landscape patches and the interference degree of neighborhood landscapes on the current land use [39]. The larger the number of fractal dimension is, the more complex the landscape patch boundary is, and the greater the chance of interference from neighbors. The AWMPFD value ranges from 1 to 2. The formula is as follows:


   L  A W M P F D   =   ∑   i = 1  m    ∑   j = 1  n      2 l n   0.25  P  i j       l n  a  i j          a  i j    A       



(3)




where  P  is the perimeter of the patch,    a  i j       is the area of the patch, and  A  is the total area of the landscape.



	(2)

	
Land use vulnerability index (LUVI)







LUVI reflects the exposure level of risk receptors (different land use types) while facing external pressure. According to the research results of relevant scholars [40,41], and combined with the situation of the research area, the vulnerability indices of construction land, unused land, water, cropland, grassland, and forest to be 6, 5, 4, 3, 2, and 1, respectively. The formula is as follows:


   E i  =   ∑   i = 1  n  F i ×    a i   A   



(4)




where        a   i    is the area of land use type  i ;  A  is the overall area of the land system;   F i   is the ecological risk coefficient of land use type  i ; and  n  is the number of land use types.



	(3)

	
Land use stability index (LUSI)







LUSI reflects the stability of land resources, which is a response indicator of LUCs and represents the risk effect of land use. LUCs will affect the regional landscape pattern, resulting in fragmentation of the regional landscape patches. Patch density (PD) can reflect the degree of landscape fragmentation in the region [38]. The larger the PD value is, the higher the degree of spatial fragmentation in the region is, and the lower the regional biodiversity and ecosystem stability. Finally, the PD value was normalized to between 0 and 1 and the opposite number was taken to obtain the risk effect value. The formula is as follows:


  PD =    n i   A   



(5)







In Formula (5),    n i    is the number of patches of land use type  i .



We used the Moving Window function in Fragstats 4.2 to calculate landscape indices. The values of the three indices were linearly normalized to the (0, 1) norm for subsequent calculation of the LUCs. The LUCs were classified into four grades: stable and controllable (0.0, 0.35), mild conflict (0.35, 0.7), moderate conflict (0.7, 0.9), and intense conflict (0.9, 1). The higher the value is, the stronger the regional LUCs are.




2.4.5. Model Validation


In this study, the Kappa coefficient was used to evaluate the simulation accuracy of the GeoSOS-FLUS model. It is an index to test the difference between two images and ranges between −1 and 1, where +1 indicates perfect agreement and values of zero or less indicate a performance no better than random [42]. The mathematical operator is as follows:


  k a p p a =   P a − P b   P c − P b    



(6)




where   P a   is the probability of correct simulation;   P b   is the probability of prediction simulation; and   P c   is the probability of ideal simulation.



The Markov and the GeoSOS-FLUS model were used to predict the scale of each type of land in Xiamen in 2020 (Figure 2). The overall accuracy and kappa coefficient were calculated by comparing the simulation results with the actual land use data in 2020. The calculation shows that the overall accuracy of this simulation is 0.93 and the Kappa coefficient is 0.89, indicating that the Markov and the GeoSOS-FLUS model have good applicability in Xiamen’s LUCC simulation, therefore it can be used to simulate the multi-scenario LUCC in 2030.






3. Results


3.1. LUCC from 2010 to 2020


The land cover maps of Xiamen in 2010, 2015, and 2020 are shown in Figure 3. In 2020, cropland accounted for the largest proportion of area, followed by the construction land, forest, and water in Xiamen (Table 3). From 2010 to 2020, the area of construction land had an upward trend, while the area of forest and grassland showed a trend first upward and then downward. The area of cropland and other had experienced a continuous process of decreasing.



According to the land use transition matrix from 2010 to 2020, the area of construction land had a large increase in Xiamen, up to 108.99 km2 (Table 4). In the meantime, Xiamen also experienced a rapid cropland decrease (84.96 km2). The lost cropland was mainly converted into construction land, distributed in the Haicang, Jimei, Tongan, and Xiang ‘an districts (Figure 3).




3.2. Distribution Characteristics of Future Land Cover under Different Scenarios


This study performed the LUCC simulation for the period of 2020–2030 under the three different scenarios. Results show that the spatial land use pattern of Xiamen in 2030 differs greatly under the different scenarios (Figure 4). Under the NDS, the trend of changes in land use/cover from 2020 to 2030 is similar as that during 2010–2020. Cropland, forest, grassland, and other ecological protection lands are threatened by human activities. The area of construction land increases by 144.84 km2 (Table 5), with an annual average growth rate of 3.04%. A large area of cropland is converted into construction land. Under the PIS, the extension of construction land has been effectively controlled and the area of cropland has a large increase up to 67 km2. Under the SDS, the environmental protection has reached a higher level. Both forest and grassland have relatively high increases in area (7.37% and 23.87%). The area of cropland slightly increases compared to that in 2020.




3.3. Land Use Conflicts Status


3.3.1. Component Index Analysis of LUCs under Different Scenarios


Land Use Disturbance Index (LUDI)


Compared with 2020, the LUDI in 2030 differs greatly among the three scenarios (Figure 5). Under the PIS, Xiamen has more land use patches with a high value of the LUDI, followed by the NDS and SDS (Figure 5c). Under the NDS, the LUDI values of forest land and construction land are low, and the high value areas are primarily concentrated in cropland and grassland (Figure 5b). The spatial characteristics of the LUDI under the NDS show that forest land and construction land in the study area are less disturbed. In contrast, the cropland and grassland in the Tongan, Jimei, Haicang, and Siming districts were substantially disturbed. Under the PIS, the value of the disturbance index is higher for cropland, grassland, and construction land, and lower for forest land and water, indicating that construction land and cropland in Xiamen are greatly disturbed, while forest land in Huli District and Tongan District is less disturbed (Figure 5c). Under the SDS, the higher value areas are primarily located in cropland and construction land, while the lower value areas are mainly located in forest, grassland, and water, which shows that the woodland, grassland, and water in the study area are less disturbed, while cropland and construction land in the Jimei, Haicang, and Tongan districts are more disturbed (Figure 5d).




Land Use Vulnerability Index Distribution (LUVI)


The distribution of LUVI in Xiamen in 2020 and 2030 in the three scenarios is shown in Figure 6. Under the SDS, the ability of the regional landscape to resist risks is the strongest, and the ecological function of land is not easy to lose, followed by the PIS and NDS (Figure 6d). Compared with 2020, land use in Xiamen under the NDS is more vulnerable, indicating that the external pressures, rapid development of cities, and the extension of construction land may lead to the fragility of the land’s ecological function. Figure 6b also shows that land use types with a lower vulnerability are mainly water and grassland in Xiamen under the NDS, indicating that its land ecological function is easily changed. In the PIS, the land use types with high value LUVI are forest and cropland, indicating that the regional landscape in this scenario is less disturbed by the external pressures and has a strong ability to resist the risks. In the SDS, the areas with high value of the LUVI are the largest, which indicates that the regional landscape is more resilient to risks, and the landscape security is also increased (Figure 6d), which may be caused by the implementation of strict ecological protection in this scenario.




Land Use Stability Index (LUSI)


The results show that the visible difference of the distribution of LUSI in Xiamen in 2030 under three scenarios (Figure 7). Compared with the NDS and SDS, the area with high value LUSI and landscape fragmentation degree were the largest in the PIS. The areas with high-value LUSI in the NDS in 2030 are mainly found in grassland, cropland, and water patches, while the areas with low value LUSI are mainly found in construction land and forest patches. The results show that the greater the fragmentation of grassland, cropland, and water in the study area, the lower the stability of the ecosystem. In the PIS, the LUSI changes sharply, and the high value areas are primarily distributed in the cropland, forest, grassland, and construction land patches, indicating that land use pattern is not stable and the landscape fragmentation is obvious in the PIS (Figure 7c). In the SDS, the area with low value LUSI increases compared with 2020, mainly distributed in the construction land, forest, cropland, and water patches, indicating that the landscape fragmentation is smaller and the regional ecosystem stability is higher in this scenario (Figure 7d).





3.3.2. Distribution Characteristics of LUCs under Different Scenarios


Table 6 and Figure 8 show that the extent of LUCs under the NDS is much higher than that under the PIS and SDS, indicating the land use strategies under the PIS and SDS can effectively mitigate the LUCs in Xiamen.



The spatial distribution of the integrated LUCs index in Xiamen in 2020 has the following characteristics: the main type of LUCs is mild conflict, with an area of about 1188.45 km2, accounting for 83.55% of the total area. Mild conflict areas are mainly distributed in the forest and cropland areas, with less interference from human activities, strong landscape continuity, and low conflict intensity. Areas with higher conflict index are relatively concentrated in the construction land, these are highly populated areas with developed economy and strong demand for land use.



Table 6 showed that the area of regions with mild conflict is 828.99 km2 under the NDS, accounting for 58.28% of the total area, which is lower than that under the other two scenarios. However, the areas that are stable and controllable or experiencing moderate conflict and intense conflict under the NDS are larger than those under the PIS and SDS. The area of moderate conflict was 462.15 km2, which increased sharply to 32.49% compared with 2020, mostly concentrated in the construction land area, and the area of stable and controllable was 127.53 km2, mainly distributed in the forest area at high altitude or water. This may be because the LUCC under the NDS is not subject to external interference and constraints, which leads to the rapid conversion of large amounts of cropland and forest into construction land based on the previous development trend. The proportion of construction land increases significantly, thus leading to the sprawl and expansion of the moderate conflict areas. Especially in the Jimei, Huli, and Xiangan districts, the moderate conflict areas show an agglomeration and continuous expansion trend. The PIS and SDS have a more stable and moderate land use pattern and conflict level in comparison to the NDS.



The overall conflict trend under the PIS in 2030 is like that in 2020 (Figure 8c), but the area of the mild conflict regions (1181.52 km2) is smaller than that in 2020. Compared with the NDS, moderate conflict and intense conflict areas under the PIS both decreased (132.66 and 1.53 km2), accounting for 9.33% and 0.11%, respectively. The strict protection of cropland under the PIS has restricted the uncontrolled extension of construction land, as well as encouraged other types of land to convert into cropland. Therefore, the area of cropland under the PIS is the largest in comparison to that under the other two scenarios.



Under the SDS, the intense conflict, moderate conflict, and stable and controllable areas occupy the smallest area of the three scenarios (Figure 8d). A series of strict ecological protection regulations were designed for the SDS, focusing more on the coordination of natural ecology and socio-economics, and effectively mitigating the extent of regional LUCs by restraining the extension of non-ecological land uses such as construction land. In addition, the areas of moderate conflicts are concentrated in urban built-up areas, which are important places for human economic activities, and the extension of construction land may lead to a definite diffusion effect of LUCs.



Our study showed that the LUCs model based on landscape pattern can precisely depict the evolution pattern of LUCs and predict the potential risk of land use in Xiamen. However, the LUCs model can only reflect the degree of LUCs of various land use types, but cannot analyze the internal mechanism that cause conflicts, identify potential conflict areas, and comprehensively diagnose the intensity of land use conflicts in the regional area. In addition, LUCs are measured only based on the perspective of landscape pattern, which lacks consideration of economic and social factors. Therefore, in the process of identifying future LUCs, combining the qualitative and quantitative methods such as participatory surveys and 3S technology is an important direction to optimize LUCs research.






4. Discussion


This study simulated future LUCC under three different development scenarios based on the Markov and the GeoSOS-FLUS model, and analyzed the spatio-temporal characteristics of LUCs in Xiamen by using the LUCs model. The study showed that the LUCs model based on landscape pattern can precisely depict the evolution pattern of LUCs and predict the potential risk of land use in Xiamen. The simulation results can provide support for the implementation of territorial spatial planning, optimization of “three lines” demarcation results, implementation of food security control, and construction of an ecological security early warning system, and also contribute to regional land management and land protection.



With the rapid growth of population and high-speed economic development, construction land is constantly encroaching on arable land, forest land, and other ecological land, and the conflicts between development and protection occurs frequently. Fan, et al. [43] concluded that about 3.2% of the land area in China has a high or relatively high urbanization function, mainly concentrated in the eastern coastal region and the middle and lower reaches of the Yangtze River. Land use changes in these regions are likely to face the same situation as Xiamen. Therefore, the model framework constructed in this study can also be used for simulating future land use changes in other regions. The “win-win” development pattern is not only applicable to Xiamen, but also can provide important references for the sustainable development of other cities and countries with a high degree of urbanization.



LUCs are inevitable due to land resources scarcity and the unlimited growth of human demand [44]. The results of this study show that the intensity of LUCs has an overall upwards trend, and human activities play a major role in the process. In this circumstance, a better understanding of land use conflicts is needed. Therefore, we constructed a LUCs model, and successfully identified current and potential land use conflicts in Xiamen. In addition, we integrated various strategic land use plannings (for example, the Overall Plan for Land Utilization in Xiamen, the 14th Five-year Construction of Ecological Civilization Plan in Xiamen, and the 14th Five-year Agriculture and Rural Development Special Plan in Xiamen), and designed three future land use development scenarios. LUCs in Xiamen differ greatly under the three scenarios in 2030. The strategies under the SDS can balance the land use needs of both socio-economic development and regional ecological security with the least LUCs, which could be an optimum solution for the long-term sustainable development in Xiamen.



Although the research results fit the development situation of regional land use well, there are still some limitations: (1) The LUCs model can only reflect the degree of LUCs of various land use types, but cannot accurately reflect the specific geographic location of conflicts. In addition, LUCs are measured only based on the perspective of landscape pattern, which lacks consideration of economic and social factors. Therefore, in the process of identifying future LUCs, combining the qualitative and quantitative methods such as participatory surveys and 3S technology is an important direction to optimize LUCs research. (2) The classification of the conflict levels and model parameters in this study were mainly adopted from previous research experience, which creates difficulty when avoiding the errors caused by subjective factors. Hence, our future research will focus on how to improve the accuracy of the research results. In addition, this paper also lacks comparison with other models. These need to be further studied in the follow-up.




5. Conclusions


The study simulated future LUCC under three different development scenarios, and assessed the spatio-temporal evolution of LUCs in Xiamen. Results indicated that land use/cover in Xiamen has remarkably changed. Cropland area decreased by 84.96 km2, while construction land increased by 108.99 km2 in Xiamen from 2010 to 2020. Most of the expansion of the area of construction land comes from the occupation of the area of cropland. LUCs in Xiamen differ greatly under the three scenarios in 2030. Under the NDS, the rapid urbanization process continuing the previous development trend has led to changes in various land use types, with a reduced area of cropland and an expanded area of construction land. The area of moderate conflict reached 462.15 km2, the area of intense conflict reached 3.78 km2, and the intensity of LUCs showed an overall upward trend. In the PIS, considering the protection of cropland, construction land expansion has been slowed down, and there is a small growth in grassland. The degree of LUCs is moderate compared with the NDS, and is mainly concentrated on two levels of moderate conflict and mild conflict. The moderate conflict area decreased by 23.16% compared with that under the NDS. Under the SDS, due to the balance of economic development and ecological benefits, the vegetation cover in Xiamen was considerably increased, forest and grassland reached the highest level, and the area of both moderate conflict and intense conflict reached the lowest among the three scenarios. The SDS balances the land use needs of both social and economic development and regional ecological security with the least LUCs, which could be an optimum solution for the long-term sustainable development in Xiamen. The results of this study provide support for decisions about eco-city construction and geospatial planning.
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Figure 1. Location of the study area. 
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Figure 2. Actual and simulated land use map for the year of 2020. 
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Figure 3. Land cover map of Xiamen in 2010 to 2020: (a) 2010; (b) 2015; and (c) 2020. 
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Figure 4. Three scenario simulation results in 2030: (a) NDS; (b) PIS; and (c) SDS. 
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Figure 5. Land use disturbance index distribution in 2020 and 2030: (a) 2020; (b) NDS; (c) PIS; and (d) SDS. 
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Figure 6. Land use vulnerability index distribution in 2020 and 2030: (a) 2020; (b) NDS; (c) PIS; and (d) SDS. 
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Figure 7. Land use stability index distribution in 2020 and 2030: (a) 2020; (b) NDS; (c) PIS; and (d) SDS. 
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Figure 8. Spatial distribution of LUCs in 2020 and 2030: (a) 2020; (b) NDS; (c) PIS; and (d) SDS. 
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Table 1. Datasets used in the study.
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Category

	
Data

	
Year

	
Data Attribute/Resolution

	
Data Source






	
Land use data

	
/

	
2010, 2015, 2020

	
Raster/300 m

	
European Space Agency (http://maps.elie.ucl.ac.be/CCI accessed on 26 January 2023)




	
Administrative boundaries

	
/

	
2010, 2015, 2020

	
Vector

	
Resource and Environment Science and Data Center (http://www.resdc.cn/ accessed on 26 January 2023)




	
Topographic Data

	
DEM

	
2010, 2015, 2020

	
Raster/30 m

	
Geospatial Data Cloud site (http://www.gscloud.cn)




	
Slope

	
Calculated with the DEM




	
Climate Data

	
Temperature

	
2010, 2015, 2020

	
Raster/1 km

	
Resource and Environment Science and Data Center (http://www.resdc.cn/ accessed on 26 January 2023)




	
Precipitation




	
Socio-economic Data

	
Population density

	
2010, 2015, 2020

	
Raster/1 km

	
Resource and Environment Science and Data Center (http://www.resdc.cn/ accessed on 26 January 2023)




	
Gross domestic product




	
Basic geographic data

	
Railway

	
2010, 2015, 2020

	
Vector

	
National Catalogue Service for Geographic Information (http://www.webmap.cn/ accessed on 26 January 2023)




	
Highway




	
National road




	
Provincial road




	
County road




	
Residential area




	
River
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Table 2. The neighborhood factor parameters of the GeoSOS-FLUS model.
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	Scenarios
	Cropland
	Forest
	Grassland
	Water
	Construction Land
	Other





	Natural development scenario
	0.6
	0.4
	0.5
	0.4
	1
	0.1



	Policy intervention scenario
	0.9
	0.5
	0.4
	0.5
	1
	0.1



	Sustainable development scenario
	0.3
	0.8
	0.7
	0.5
	1
	0.1
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Table 3. LUCC in Xiamen from 2010 to 2020 (unit: km2).
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Land Use

	
2010

	
2015

	
2020

	
2010–2020




	
Area

	
Proportion

	
Area

	
Proportion

	
Area

	
Proportion

	
Area




	
(km2)

	
(%)

	
(km2)

	
(%)

	
(km2)

	
(%)

	
(km2)






	
Cropland

	
676.08

	
42.98%

	
659.97

	
41.96%

	
591.12

	
37.58%

	
−84.96




	
Forest

	
426.15

	
27.09%

	
426.78

	
27.13%

	
418.77

	
26.62%

	
−7.38




	
Grassland

	
19.53

	
1.24%

	
19.8

	
1.26%

	
13.95

	
0.89%

	
−5.58




	
Water

	
58.59

	
3.72%

	
53.37

	
3.39%

	
53.37

	
3.39%

	
−5.22




	
Construction land

	
368.10

	
23.40%

	
391.95

	
24.92%

	
477.09

	
30.33%

	
108.99




	
Other

	
24.57

	
1.56%

	
21.15

	
1.34%

	
18.72

	
1.19%

	
−5.85
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Table 4. Land use conversion in Xiamen from 2010 to 2020 (unit: km2).
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2020

	
Cropland

	
Forest

	
Grassland

	
Water

	
Construction Land

	
Other

	
Initial Total




	
2010






	
Cropland

	
579.51

	
5.49

	
0

	
0

	
91.08

	
0

	
676.08




	
Forest

	
11.16

	
412.20

	
0

	
0

	
0.18

	
2.61

	
426.15




	
Grassland

	
0

	
0

	
10.98

	
0

	
8.55

	
0.00

	
19.53




	
Water

	
0.45

	
0

	
2.97

	
53.37

	
0.36

	
1.44

	
58.59




	
Construction land

	
0

	
0

	
0

	
0

	
368.10

	
0.00

	
368.10




	
Other

	
0

	
1.08

	
0

	
0

	
8.82

	
14.67

	
24.57




	
Final total

	
591.12

	
418.77

	
13.95

	
53.37

	
477.09

	
18.72

	
1573.02




	
Change

	
−84.96

	
−7.38

	
−5.58

	
−5.22

	
108.99

	
−5.85
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Table 5. Multi-scenario simulation of land use type change in 2030.
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	Land Use Type
	Cropland
	Forest
	Grassland
	Water
	Construction Land
	Other





	2020
	591.12
	418.77
	13.95
	53.37
	477.09
	18.72



	NDS
	475.21
	402.02
	6.50
	51.00
	621.93
	14.36



	PIS
	658.17
	419.22
	14.31
	53.37
	410.13
	17.82



	SDS
	611.19
	449.64
	17.28
	53.37
	426.51
	15.03



	Changes in area under the NDS in 2030 (compared to 2020)
	−115.91
	−16.75
	−7.45
	−2.37
	144.84
	−4.36



	Changes in area under the PIS in 2030 (compared to 2020)
	67.05
	0.45
	0.36
	0.00
	−66.96
	−0.90



	Changes in area under the SDS in 2030 (compared to 2020)
	20.07
	30.87
	3.33
	0.00
	−50.58
	−3.69
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Table 6. The calculated result of LUCs indexes in Xiamen in 2020 and 2030.
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Conflict Level

	
2020

	
2030




	
NDS

	
PIS

	
SDS




	
Area (km²)

	
Proportion

	
Area (km²)

	
Proportion

	
Area (km²)

	
Proportion

	
Area (km²)

	
Proportion






	
Intense conflict

	
1.44

	
0.10%

	
3.78

	
0.27%

	
1.53

	
0.11%

	
1.35

	
0.09%




	
Moderate conflict

	
107.55

	
7.56%

	
462.15

	
32.49%

	
132.66

	
9.33%

	
112.95

	
7.94%




	
Mild conflict

	
1188.45

	
83.55%

	
828.99

	
58.28%

	
1181.52

	
83.06%

	
1204.11

	
84.65%




	
Stably controllable

	
125.01

	
8.79%

	
127.53

	
8.97%

	
106.74

	
7.50%

	
104.04

	
7.31%
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