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Abstract

:

Analyzing land use changes (LUC) in both past and future scenarios is critical to optimize local ecology and formulate policies for sustainable development. We analyzed LUC characteristics in Huaibei City, China from 1985 to 2020, and used the CLUE-S and PLUS models to simulate LU in 2020. Then, we compared the accuracy of the simulation phase and chose the PLUS model to project LU under four scenarios in 2025. The results showed the following: (1) Farmland and grassland areas decreased from 1985 to 2020, while forestland, water, and construction land increased. (2) The LU types in the region are explained well by the driving factors, with all receiver operation characteristic (ROC) values greater than 0.8. (3) The kappa indices for CLUE-S and PLUS analog modeling were 0.727 and 0.759, respectively, with figure of merit (FOM) values of 0.109 and 0.201. (4) Under the farmland and ecological protection scenario (FEP), farmland and forestland areas are protected, increasing by 1727.91 hm2 and 86.22 hm2, respectively, while construction land decreases by 2001.96 hm2. These results confirm that PLUS is significantly better than the CLUE-S model in modeling forestland and water, and slightly better than the CLUE-S model in modeling the rest of the LU type. Urban sustainability is strong in the scenario FEP.
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1. Introduction


As an important component and major cause of global environmental change, land use/land cover change (LUCC) is a manifestation of human–earth system interaction, which is driven by natural and anthropogenic factors but also directly affects the processes of material exchange and energy cycling in the hydrosphere, pedosphere, atmosphere, and biosphere [1,2,3]. While global environmental changes have been studied intensively, problems caused by LUCC have been discussed and studied extensively, such as loss of farmland, water pollution, and biodiversity reduction. Therefore, exploring both historical and future scenarios of LUCs is crucial in making sensible proposals for sustainable development [4].



With the advancement of geographic information systems (GIS) and remote sensing (RS), LUC modeling has become one of the main methods to research LUC. Models are important tools for exploring LU driving factors, supporting urban planning and policy making, and assessing the ecological impact of LU [5]. Scholars now mainly use integrated models to make up for the inadequacy of separate models. Bian et al., coupled the conversion of land use and its effects (CLUE-S) model with the Markov, gray prediction, and linear regression methods, respectively, to compare the three simulation results and set two future scenarios within the Qinhuai River basin [6]. Wang et al., coupled the system dynamics (SD) model, patch-generating land use simulation (PLUS) model, and integrated valuation of ecosystem services and tradeoffs (InVSET) model to simulate the LU and carbon storage changes in Bortala based on the CMIP6 published climate change scenarios [7]. Cunha et al., predicted LUC for agricultural development in primary planted areas of the Cerrado and Atlantic woodland intersections in Brazil using CA-Markov [8]. Apart from the above models, the future land use simulation (FLUS) model [9] and agent-based model (ABM) are also common [10]. Spatial models are particularly important among the hybrid models, with different spatial models exhibiting different simulation results and differences in the suitable regions. The FLUS model allows for nondominant land class conversion and can simulate leapfrog development scenarios. However, it is difficult to clearly reflect spatial differences in land use changes in different locations. The ABM model is suitable for the dynamic simulation of policy-driven urban expansion and land use changes, but it is difficult to represent the spatial behavior of the subject [4]. The CLUE-S model is applicable to LUC research on a small scale and can simulate multiple land use changes simultaneously. It has been widely used in previous research with high simulation accuracy [11,12]. The PLUS model is improved on the basis of the FLUS model, which explains the influencing factors of LUCs well, and can better model the LU patch-level changes with high simulation accuracy [13,14]. Therefore, we compared the CLUE-S and PLUS models and chose the model that was more applicable to the region.



Huaibei City is one of the top ten coal bases in China. For many years, the mining of coal resources has made the city pay a heavy price in terms of land sinkage, near resource depletion, and ecological degradation [15]. So, this study analyzed the LUC in Huaibei City between 1985 and 2020. The CLUE-S model and PLUS model were selected to simulate the spatial landscape of LU in 2020. Simulation results of the two models are compared to explore possible future scenarios and support decision making for the future.




2. Materials and Methods


2.1. Study Area


Huaibei City is located in the northern part of Anhui Province, eastern China (116°23′~117°23′ E, 33°16′~34°14′ N), as described in Figure 1. The study area covers 726.52 km2. The topography inclines from NW to SE, and the rest is a vast plain except for a small amount of low mountainous terrain in the NE. The mineral resources of Huaibei City are relatively abundant, mainly coal and other nonmetallic minerals; a small number of metal minerals are also available. By 2015, 56 coal mining sites were identified, with coal reserves of 5.633 billion tons. The accumulated coal-mining-collapsed land in Huaibei City is 228.00 km2, the new collapsed land is 4.3~4.5 km2 every year, and the reclaimed collapsed land area is 121.40 km2 [16].




2.2. Data Source and Processing


The sources and related descriptions of the study data are presented in Table 1, where natural environmental data and socioeconomic data were used as driving factors for the LU simulation: (1) LU data of Huaibei City for 1985, 1995, 2005, 2015, and 2020. The 2015 LU data were obtained from Landsat8 OLI image interpretation of Geospatial Data Cloud (http://www.gscloud.cn, accessed on 27 June 2022). Based on the LU classification of the Chinese Academy of Sciences, LU data were classified into five major classes: farmland, forestland, grassland, water, and construction land. (2) The 16 driving factors that can work on LUC were chosen in this study based on the selection principles [17]. These include the digital elevation model (DEM), aspect, slope, distance from the railroad (Railway_d), distance from the freeway (Freeway_d), distance from the roads (Road_d), distance from the rivers (River_d), distance from towns (Town_d), soil organic matter (Soil_SOM), total nitrogen (Soil_TN), total phosphorus (Soil_TP), total potassium (Soil_TK), gross domestic product (GDP), population density (POP), mean annual temperature (MAT), and mean annual precipitation (MAP). Figure 2 shows the driving factors after the normalization process. (3) Soil data were obtained from the soil sample datasets obtained from the 2010–2011 soil surveys, including soil organic matter, total nitrogen, total phosphorus, and total potassium data. The sample points are linked to the vector map according to the same soil type and transformed into a raster. (4) The slope and aspect data were extracted from DEM in ArcGIS. (5) Spatial distance driving factor maps from railroads, freeways, roads, rivers, and towns were gained from vector data acquired from Open Street Map by performing Euclidean distance analysis in ArcGIS.




2.3. Research Methodology


2.3.1. Markov Model


A stochastic process is said to have Markovianity (no posteriority) if the state an of any moment tn in a finite time sequence t1 < t2 < t3…tn is only related to the state an−1 of its predecessor tn−1; the process with Markovianity is called a Markovian process. The LULC change process can be viewed as a Markov process [18]. Therefore, variations in the area of LU types can be predicted using the following equation:


   S   (  t + 1  )    =  P  ij   ×  S   ( t )     



(1)




where S(t) and S(t+1) represent the states of the LU system at moments t, t + 1, respectively; Pij is the state transfer matrix.




2.3.2. CLUE-S Model


The CLUE-S model is an improved model for small regions based on the CLUE model by Verburg et al., of Wageningen University in the Netherlands. Within the CLUE-S model, a raster is used as the study unit, and the LU type on the raster indicates the LU status [19,20,21]. The CLUE-S model consists of nonspatial and spatial analysis modules. The nonspatial module is based on the analysis of natural, social, economic, and policy driving factors of LUC, and other models or methods are used to calculate the LU demand for each simulation year; the Markov model is chosen to calculate the land demand data in this study.



In the CLUE-S model, the development probability of each type of LU needs to be found using a logistic regression equation; the auto-logistic model, which uses neighborhood correlation to construct spatial autocorrelation weights, has better predictive ability than the general logistic model in finding the development probability of each LU type. The auto-logistic equation was first proposed by Besag [22] and the general expression is as follows:


  log  (     P i    1 −  P i     )  =  β 0  +  X β  + r   ∑   j = 1  n   y i   w  ij    



(2)




where X represents a vector consisting of a set of driving factors; yi represents the state of the event as a binary variable; and wij represents the spatial weight value.



In this study, the weight matrix is constructed with the help of neighborhood factors, and the spatial weights are set as [23,24]


   w  ij   =     ∑   n = 1  N   S  jn    N   



(3)




where Sjn is the similarity of each neighboring raster around raster j to j, with 1 for the same LU type and 0 otherwise, and N is the total number of neighbors of neighboring raster j. To test the effect of regression analysis, the receiver operation characteristic (ROC) method can be used to evaluate the driving factor for the explanatory ability of each type. Generally, it is considered that the ROC is greater than 0.7, which indicates that the driving factor has a good explanatory ability for the type [25].




2.3.3. PLUS Model


The PLUS model is a type of CA-based patch generation LUC model. This model allows excavation of the driving factors of land sprawl and changes in the landscape to better model the generation and variation of LU patches [26,27,28,29]. In PLUS, the Land Expansion Analysis Strategy (LEAS) module excavates the driving factors and expansion factors. Then, the development probability of each LU type and the contribution of the driving factors to land expansion is calculated. The CA based on the multiple-type random patch seeds (CARSs) module incorporates random seeds and a patch generation threshold to simulate and predict the future landscape pattern under the control of development probability [30,31].



PLUS Model V1.3.5 is used in this study, with the following steps: (1) The selected LU data and driving factors need to be unified to the same projection coordinate system and resolution, and the LU data are converted to unsigned char format. (2) Extract the part of LU expansion during the period. (3) Input the LU expansion data and set various parameters in the LEAS module. The parameters of the simulation phase are as follows: the number of regression trees is 20, the sampling rate is 0.02, and the number of training features is 16. The development probability map of each LU type is acquired. (4) Finally, each parameter is input into the CARS module and debugged to achieve the simulation of future landscape patterns. The parameters are set as follows in the simulation stage: the patch generation threshold is set to 0.8, the expansion coefficient is set to 0.3, and the percentage of seeds is set to 0.0005. The Markov chain is included with the PLUS model, and the calculation of future LU demand can be conducted in the PLUS model.




2.3.4. Calibration and Validation


Three metrics were used to evaluate the model’s accuracy: (1) Kappa coefficient, calculated as follows [32,33].


  Kappa =    P 0  −  P c     P p  −  P c     



(4)




where P0 is the proportion of correct simulation results; Pc is the proportion of correct simulation results expected under random conditions; and Pp is the proportion of correct simulation results under ideal conditions. In general, the consistency is high when the kappa value is greater than 0.75, the consistency averages in the range of 0.4 to 0.75, the consistency is poor when it is less than 0.4, and the simulation accuracy is poor.



(2) Figure of Merit (FOM) [34], used to verify the consistency of spatial position change; 0 means no overlap, and 1 means complete overlap. (3) User’s accuracy [35], which measures the number of pixels that the model predicts accurately as a change in the proportion of all the changes it predicts and can be used to describe the proportion of the model predicting the correctness of a certain type of LU.






3. Results


3.1. Spatial and Temporal Changes in Land Use


Calculation of the integrated LU dynamics for the four time periods from 1985 to 2020 revealed that it was 0.04% from 1985 to 1995, 2.21% from 1995 to 2005, 18.51% from 2005 to 2015, and 34.62% from 2015 to 2020. LUCs in the region were faster after 2005, which may be related to rapid socioeconomic development and accelerated urban transformation. Figure 3 shows the Sankey diagram produced by the LU transfer matrix of the study area from 1985 to 2020, indicating the transfer in and out of each LU type in different periods. From the figure: (1) From 2005 to 2015, transfers in and out between LU types were more frequent. Farmland was largely reduced and 82% of the transferred out area was transferred into construction land. The water area decreased by 12.06 km2 and the largest area was transferred to farmland and construction land. Overall, the area of construction land increased by 51.45 km2 in this period, of which 67.45 km2 of farmland was transferred to construction land, 4.19 times more than the previous time. (2) From 2015 to 2020, there are different degrees of area transfer between each LU type; the change is 164.29 km2 and the farmland continues to decrease by 27.35 km2. Additionally, the water area increased by 15.10 km2, mainly from farmland and construction land. The construction land increased by 5.88 km2 and the growth was mainly from grassland, which was transferred into 6.06 km2. In a comprehensive view of the four time periods, the area of farmland has been decreasing and the ratio of the area transferred into construction land to the total area transferred out from farmland was 86%, 83%, 82%, and 60%. The areas of other LU types transferred into water in the four time periods were 0.30 km2, 2.51 km2, 6.66 km2, and 21.50 km2, in order.




3.2. Simulation and Validation


3.2.1. Logistic Regression Analysis


Table 2 shows the β-coefficients of the results of logistic regression and auto-logistic regression. The spatial autocorrelation factor (AutoValue) in auto-logistic regression, is the spatial weight value of each LU type calculated according to Equation (3). The results show that the ROC values of auto-logistic regression analysis with AutoValue were all improved: 0.856 for farmland, 0.933 for forestland, 0.934 for grassland, 0.935 for water, and 0.829 for construction land. The ROC values are all greater than 0.8, and forestland, grassland, and water reach more than 0.9 indicating a high fitting accuracy and strong explanation ability of the selected driving factors. As shown in Table 2, the main driving factors of farmland are POP, DEM, MAP, GDP, and Town_d. The distribution of forestland is mainly influenced by Town_d, River_d, MAP, MAT, and DEM. It is most influenced by Town_d, followed by MAP. For grassland, the main driving factors affecting its distribution are DEM, MAP, River_d, Slope, and Soil_SOM. Additionally, mainly the locational factors such as River_d and Freeway_d are negatively correlated, and positively correlated with natural factors such as DEM and Slope. The driving factor affecting the water is mainly the DEM, which shows a significant negative correlation. Construction land is mainly influenced by POP, GDP, MAP, DEM, and Town_d. It is most influenced by POP and shows a significant positive correlation.




3.2.2. Simulation Results of CLUE-S Model


The LU in 2015 was adopted as the base map to simulate the LU in 2020 to validate the accuracy of the CLUE-S model simulation. Firstly, the auto-logistic regression results were calculated in SPSS and saved as the alloc1.reg parameter file as requested by the CLUE-S model. Secondly, we processed the driving factors, calculated the LU demand, prepared the transfer matrix, and set the main parameters of the model. Then, we ran the CLUE-S model to obtain the simulated LU map in 2020, as shown in Figure 4a.



The CLUE-S simulated map in 2020 was compared with the status map in 2020 for verification. A kappa coefficient of 0.727 can be calculated in ArcGIS based on Equation (4), indicating that the simulation is generally consistent.




3.2.3. Simulation Results of PLUS Model


In PLUS, land expansion is firstly extracted based on the 30 m resolution LU maps of 2015 and 2020. Then, the development potential of each LU type on each unit is predicted through the LEAS module, and the development potential map of each LU type is output. Finally, the LU in 2020 is simulated by setting various parameters through the CARS module, as shown in Figure 4b. The kappa coefficient is 0.759, a 0.032 improvement over the CLUE-S model, and the simulation result is better. This indicates that the PLUS model has good applicability in the study area and can be used for LU studies of future scenarios.





3.3. Comparison of CLUE-S and PLUS Simulation Results


Figure 4 shows the simulation result map of the two models and the status map in 2020 under the scale of 30 m × 30 m. Table 3 shows the area of each LU type obtained from the simulation result map. From Figure 4 and Table 3, the spatial location distribution and quantity of each LU type in the PLUS simulation map and the status map are more similar. The water area in the CLUE-S simulation is smaller than the actual status map, and areas that should be water are incorrectly modeled as farmland, as shown in local area ① in Figure 4a. Figure 4b shows that there are waters in region ①. The PLUS simulation map indicates the presence of water at this location, suggesting that the PLUS model is better able to explore potential driving factors. In the north and south where the topography is flat, the area of farmland in the CLUE-S and PLUS simulations is slightly larger than the status map, while the construction land is clustered toward the middle part, as shown in the local area ② in Figure 4. There are fewer construction land patches in the CLUE-S simulation result map than in the PLUS simulation result map, indicating that the construction land is clustered more strongly in the CLUE-S simulation result map. Furthermore, it was found that the area of farmland and construction land in the CLUE-S simulation result map was slightly more than that in the PLUS simulation result map and the status map, and the area of forestland, grassland, and water was slightly less than that in the PLUS simulation map and the status map. As shown in local area ③ of Figure 4, both models failed to simulate a portion of grassland and forestland in the northwest. Additionally, the two models were most likely to differ where the edge of the LU type was excessive. The kappa coefficients of the CLUE-S and PLUS models were calculated to be 0.727 and 0.759, and the FOM values were 0.109 and 0.201. It is easy to know that the simulation accuracy of the PLUS model is better than that of the CLUE-S model at the same scale in the study area. The user’s accuracy results of the two models are shown in Table 4, and it can be found that the accuracy of the PLUS model in simulating forestland and water is much improved than that of the CLUE-S model.




3.4. Multiscenario Simulation of Land Use Change in Huaibei City, 2020–2025


3.4.1. Multiple Scenario Settings


Based on the General Land Use Plan of Huaibei City (2006–2020), the Fourteenth Five-Year Plan for National Economic and Social Development of Huaibei City, and the Outline of Vision 2035, combined with the experience of previous scholars, four development scenarios were structured to study the future LU pattern of Huaibei City, including the natural growth scenario (NG), farmland protection scenario (FP), ecological protection scenario (EP), and farmland and ecological protection scenario (FEP). Changes in future LU patterns under different scenarios are predicted by modifying relevant parameters such as LU demand in the PLUS model. The LU demand from 2020 to 2025 in the scenarios is calculated by adapting the Markov transfer probabilities between LU types from 2015 to 2020.



	(1)

	
NG scenario: the transfer probability from 2020 to 2025 is presumed to grow naturally according to the evolutionary trend from 2015 to 2020.




	(2)

	
FP scenario: Combined with the policies on farmland in China’s LU plan and the 14th Five-Year Plan, it is necessary to keep the quantity of farmland but also to protect the quality of farmland from declining and to implement the strictest farmland protection measures. Therefore, the transfer probability matrix under the FP scenario in this study is to reduce the transfer probability of farmland to other LU types by 50% under the NG scenario, whilst other LU types still maintain the natural development trend.




	(3)

	
EP scenario: Farmland is also the main part of the farmland ecosystem. Therefore, the EP scenario is set to reduce the transfer probability of farmland, forestland, grassland, and water to construction land by 30%, 50%, 20%, and 20%, respectively. The transfer probability of forestland to grassland is reduced by 50%, increasing the transfer probability of water and grassland to forestland by 20% and the transfer probability of construction land to forestland by 10% under the NG scenario.




	(4)

	
FEP scenario: In China’s 14th Five-Year Plan, it is mentioned that we need to implement sustainable development and strengthen ecological protection and restoration. Therefore, a more reasonable dual protection scenario is set up by integrating the FP scenario and EP scenario. Under the transfer probability based on natural growth, the transfer probability of farmland to other LU types (except forestland) is reduced by 50%. Forestland, grassland, and water to construction land is reduced by 50%, 20%, and 20%, respectively. Forestland to grassland is reduced by 50%, water and grassland to forestland is increased by 20%, and construction land to forestland is increased by 10%. The LU demand for each scenario was calculated based on the adjusted transfer probabilities of each LU type, and Table 5 shows the LU demand in 2025 under the four scenarios.








3.4.2. Multiscenario Simulation under PLUS Model


The calculated future LU demand under multiple scenarios was input into the PLUS model with the status LU map in 2020 as the base map, and the remaining parameters were modified. The LU patterns of the study area in 2025 under multiple scenarios generated by the CARS module are shown in Figure 5.



Farmland expansion is primarily influenced by factors such as DEM, GDP, and POP. Typically, areas that are farther away from urban centers and have relatively flat terrain are preferred for farmland expansion. The south and north of the study area meet the requirements for the expansion of farmland. Construction land is strongly influenced by economic factors, so it will be clustered toward the densely populated areas in the simulation result map. As in the scenario FEP, farmland is more in the south and north of the study area, while the construction land is clustered inward. The expansion of grassland and forestland is mainly determined by location factors, such as DEM. In general, their expansion occurs in high-elevation areas that are far from major roads. The water is mainly influenced by DEM, and its expansion generally occurs in the low-elevation area. As in the scenario EP, the transition of forestland and grassland occurs in the northwest and east of high elevation, and water occurs in the low-elevation area between two forestlands.



Under scenario NG, the spatial distribution of LU type does not differ much from the status map in 2020. The area of water increases in the central part of the study area, and the construction land continues to expand to the surrounding area. The area of farmland and forestland continues to show a decreasing trend compared with the status map in 2020. Farmland decreases by 1683.81 hm2 and forestland decreases by 301.50 hm2, which are 3.98% and 24.71%, respectively, compared to 2020. Furthermore, the area of construction land increases by 362.7 hm2, which is 2.06% compared with 2020. This indicates that the rate of loss of forestland is faster and the increase in construction land is gradually moderated under scenario NG. The reduction in farmland will lead to a threat to food security and the reduction in forestland will lead to ecological damage, thus making socioeconomic development less sustainable.



Under scenario FP, the farmland patches become larger. The patches of construction land become smaller and more compact in the middle. The largest increase in farmland is observed, with an increase of 1869.57 hm2 compared to 2020. The area of forestland is less than in the NG scenario, with a decrease of 402.66 hm2. Grassland decreases by 34.92 hm2. The water increases by 317.34 hm2 but decreases by 604.53 hm2 compared to the NG scenario. The construction land decreases by 1749.33 hm2, while grassland, water, and construction land increase under the NG scenario, indicating that most of the increase in these LU types comes from farmland.



In the EP scenario, the northwestern part of the study area is occupied by part of the construction land due to the outward expansion of water and forestland. Some grassland was also converted to forestland in the east. The EP scenario controls the loss of farmland area. The area of forestland, grassland, and water increased. Water area increased the most with 972.81 hm2 and the area of building land decreased by 1157.13 hm2.



Under scenario FEP, the construction land is clustered inward and the internal grassland is occupied. The expansion of forestland in the northwest partly encroached on the construction land. The farmland increases by 1727.91 hm2 and the forestland increased by 86.22 hm2. The construction land decreases the most by 2001.96 hm2. Under the FEP scenario, both farmland and forestland are protected, food security is guaranteed, and the ecological environment is preserved and improved. The expansion of construction land is restrained and the development sustainability of the urban is stronger compared to the NG scenario. Additionally, the area of the water is increased in all four scenarios. Table 6 below shows the area of each LU type under the four scenarios compared with the status of LU in 2020.






4. Discussion


This study analyzed the historical LUCs in the study area and explored the evolution process. Then, a model with high accuracy was selected to simulate future LUs. The study results can be used for regional LU planning to provide some decision support. The transformation between LU types was calculated in the study, with the conversion of farmland into construction land as the main focus; this finding is the same as that of the previous research on Huaibei City [36]. The study area showed a continuous increase in the area of construction land and a decrease in the total area of farmland; the results of this study are the same as the findings of Li et al., in that farmland shows a gradual decrease trend and construction land shows a gradual increase trend [37]. Among the driving factors with strong explanatory power for farmland are POP, DEM, MAP, GDP, Town_d, etc., which is similar to the results of previous studies [38]. The driving factors with stronger explanatory power for construction land are mainly the POP, GDP, MAP, DEM, etc., which are dominated by socioeconomic factors, which is similar to the findings of Zhao et al. [21]. Forestland and grassland are mainly influenced by natural driving factors, such as River_d, DEM, MAP, etc. The driving factor with the strongest explanatory power for water was DEM; similar conclusions were reached by previous authors, and the results of Zhang et al., showed that slop was the main expansion factor affecting grassland, followed by MAP, and the highest driving factors affecting the expansion of water were elevation, population density, and distance to the water system [39]. Both the improved CLUE-S model and the PLUS model have their advantages. The improved CLUE-S model incorporates spatial autocorrelation factors, which can enhance the overall accuracy of the model simulation [40]. In contrast, the newly developed PLUS model, can explore potential driving factors and better simulate LUCs at the patch level to obtain better simulation accuracy. The comparison of the simulation results of CLUE-S and PLUS models in the study area revealed that the PLUS model outperforms the improved CLUE-S model in terms of spatial location distribution and quantity at the same scale resolution, especially in the simulation of ecological LU types. Moreover, the accuracy of the PLUS model is better at fine resolution, while the CLUE-S model is not. The CLUE-S model has similar accuracy to PLUS in simulating construction land and farmland, but the area of simulation results will be greater than in the PLUS model. Similar conclusions have been drawn from earlier studies. Jiang et al., showed that the PLUS model outperformed the CLUE-S model in spatial location distribution and quantity prediction, and the CLUE-S model had higher simulation accuracy in flat terrain areas [41].



Bian et al., set up comprehensive scenarios based on different policy requirements as well as economic development and environmental protection needs [6]. Wang et al., set up scenarios SSP126, SSP245, and SSP585 based on the SSP-RCP scenarios provided by CMIP6. Therefore, future scenarios need to be set up using local realities [7]. The current planning of Huaibei City, which is transformed by the resource city, has shown problems such as lagging strategic LU targets, ecological and farmland protection to be upgraded, and unreasonable spatial layout of the landscape. These problems are inconsistent with the fast-developing socioeconomic environment, and the planning needs to be adjusted and perfected promptly [42]. The four scenarios set in this context can provide an understanding of the evolutionary trends of LU patterns in the future. Among the four future scenarios, farmland and forestland continue to decrease with conversion to construction land under scenario NG, which does not meet the relevant planning requirements; future over-expansion of construction land will, therefore, need to be curbed [43]. The FEP scenario restrains the growth of construction land and protects ecological land and farmland. The occupation of farmland and forestland will be controlled basically in the future with the delineation of the three control lines. However, due to the high degree of LU in Huaibei City and the need to protect the demand for new urbanization land, conflicts between supply and demand for construction land may arise in a short period. For this reason, scientific and reasonable planning of the land spatial distribution is needed in future development in conjunction with the current situation to improve the level of land conservation and intensification.



Shortcomings remain in this study. The PLUS model parameter settings are determined by continuous debugging and are subjective in nature. The quality and availability of data are also related to simulation accuracy. The future multiscenario prediction process mainly combines previous studies and LU planning policies to subjectively adjust the transfer probability matrix and parameters to model future LUs. Restricted areas, such as basic conservation farmland, were not included. Therefore, we should seek a more scientific and reasonable method in future studies.




5. Conclusions


	
All of the selected driving factors have good explanatory power for LU types, and the ROC values for each class are greater than 0.8. The farmland in the study area is mainly affected by POP and DEM and shows a negative correlation with both. The forestland is mainly influenced by Town_d and River_d, while the grassland is mainly affected by DEM and MAP. The water area is most affected by DEM, and the construction land is mainly influenced by social and economic factors such as POP and GDP.



	
The kappa coefficients of the CLUE-S model and PLUS model simulation results were 0.727 and 0.759, and their FOM values were 0.109 and 0.201. The PLUS model has better accuracy than the CLUE-S model, especially in simulating the two LU types of forestland and water in the study area. Moreover, the distribution of spatial location and area of each LU type in the PLUS simulation result map and the status map is more similar.



	
Among the four scenarios, the area of construction land decreases with the increase in the area of farmland and forestland under scenario FEP. This shows that curbing the over-expansion of construction land and controlling the total areas of construction land is conducive to the protection of farmland and forestland, and safeguarding food security and ecological safety. Urban sustainability is stronger compared to scenario NG.
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Figure 1. Geographical location of Huaibei City in China. 
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Figure 2. Driving factors. 
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Figure 3. Sankey diagram of LU type conversion from 1985 to 2020. 
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Figure 4. Comparison of simulation results of different models in 2020. 
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Figure 5. PLUS simulation results of LU pattern evolution under four scenarios in Huaibei. 
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Table 1. Data source information of the research.
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Type

	
Original Resolution

	
Data

	
Data Sources






	
Land Use Data

	
30 m

	
1985, 1995, 2005

	
National Earth System Science Data Center (http://nnu.geodata.cn, accessed on 10 June 2022)




	
2015

	
Geospatial Data Cloud (http://www.gscloud.cn, accessed on 27 June 2022)




	
2020

	
Resource and Environment Sciences and Data Center (https://www.resdc.cn/Default.aspx, accessed on 11 June 2022)




	
Natural Environment Data

	
1 km

	
MAT

	
National Earth System Science Data Center (http://nnu.geodata.cn, accessed on 11 June 2022)




	
MAP




	
100 m

	
Soil property data

	
2010~2011 Soil Series Survey




	
90 m

	
DEM, slope, aspect

	
Geospatial Data Cloud (http://www.gscloud.cn, accessed on 27 June 2022)




	
Socioeconomic Data

	
1 km

	
GDP

	
Resource and Environment Sciences and Data Center (https://www.resdc.cn/Default.aspx, accessed on 11 June 2022)




	
POP




	

	
Railway_d, Freeway_d, Road_d, River_d, Town_d

	
Open Street Map (https://www.openstreetmap.org/, accessed on 18 July 2022)




	
Statistics Data

	

	
Huaibei City Statistical Yearbook

	
(http://tj.huaibei.gov.cn/ztzl/tjnj/index.html, accessed on 6 September 2022)
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Table 2. β value of Logistic regression and auto-logistic regression for each LU type.
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Driving

Factors

	
Farmland

	
Forestland

	
Grassland

	
Water

	
Construction Land




	
L

	
AL

	
L

	
AL

	
L

	
AL

	
L

	
AL

	
L

	
AL






	
DEM

	
−10.411

	
−11.300

	
3.994

	
4.319

	
6.191

	
6.591

	
−158.651

	
−169.476

	
−5.153

	
−6.243




	
Aspect

	
-

	
-

	
0.358

	
0.318

	
-

	
-

	
−0.515

	
−0.511

	
0.241

	
0.247




	
Slope

	
−4.001

	
−3.468

	
0.566

	
0.552

	
4.451

	
4.349

	
6.668

	
3.783

	
−3.731

	
−4.988




	
Railway_d

	
1.782

	
1.947

	
−3.169

	
−3.276

	
−0.931

	
−0.691

	
1.396

	
2.227

	
−0.411

	
−0.397




	
Freeway_d

	
0.322

	
0.229

	
4.009

	
4.093

	
−3.595

	
−2.777

	
−3.934

	
−3.849

	
-

	
0.220




	
Road_d

	
0.482

	
0.627

	
-

	
-

	
1.604

	
1.469

	
-

	
-

	
−0.674

	
−0.752




	
River_d

	
−4.050

	
−4.760

	
−10.103

	
−10.074

	
−5.022

	
−5.220

	
3.949

	
2.718

	
3.564

	
3.909




	
Town_d

	
5.817

	
6.534

	
11.715

	
11.696

	
−0.737

	
-

	
−8.299

	
−7.439

	
−5.192

	
−5.443




	
GDP

	
2.738

	
7.631

	
-

	
-

	
22.848

	
-

	
−3.440

	
−2.660

	
−11.355

	
−16.915




	
POP

	
−6.178

	
−11.918

	
-

	
-

	
−23.524

	
-

	
-

	
-

	
15.435

	
21.5974




	
MAP

	
−6.535

	
−7.919

	
−10.320

	
−10.049

	
−6.394

	
−6.035

	
1.578

	
-

	
5.935

	
6.714




	
MAT

	
−1.113

	
−1.236

	
−6.509

	
−6.322

	
0.701

	
0.893

	
−3.771

	
−3.911

	
−0.967

	
−1.140




	
Soil_SOM

	
−0.746

	
−0.446

	
2.986

	
3.190

	
2.843

	
2.796

	
0.542

	
-

	
-

	
-




	
Soil_TK

	
0.857

	
0.875

	
−1.395

	
−1.418

	
−1.219

	
−1.151

	
−0.491

	
−0.531

	
0.135

	
−0.168




	
Soil_TN

	
-

	
−0.142

	
0.509

	
0.371

	
0.867

	
0.977

	
−0.395

	
−0.441

	
−0.210

	
-




	
Soil_TP

	
0.199

	
-

	
0.496

	
0.523

	
−0.748

	
−0.598

	
−0.969

	
−0.823

	
0.125

	
0.278




	
AutoValue

	
-

	
3.302

	
-

	
−1.852

	
-

	
−1.029

	
-

	
−3.206

	
-

	
−2.555




	
Constants

	
3.798

	
2.213

	
3.338

	
4.279

	
1.218

	
0.588

	
10.146

	
13.749

	
−2.047

	
−0.517




	
ROC

	
0.794

	
0.856

	
0.933

	
0.939

	
0.931

	
0.934

	
0.906

	
0.935

	
0.772

	
0.829








Note: “-” are coefficients that do not pass the 0.05% significance level test and are not involved in the construction of the simulation model of LUC patterns. L represents the ordinary logistic regression analysis and AL represents the auto-logistic regression analysis with spatial autocorrelation factors included.
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Table 3. Areas simulated by different models of LU type in 2020 (hm2).
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	Area
	Farmland
	Forestland
	Grassland
	Water
	Construction Land





	CLUE-S simulation map
	42,302.61
	1217.70
	8398.89
	3182.76
	17,550.27



	PLUS simulation map
	42,258.87
	1220.13
	8425.98
	3208.59
	17,538.66



	Status map
	42,258.87
	1220.13
	8425.98
	3208.59
	17,538.66
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Table 4. User’s accuracy of CLUE-S and PLUS models at 30 m resolution.
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	User’s Accuracy
	Farmland
	Forestland
	Grassland
	Water
	Construction Land





	CLUE-S
	0.855
	0.354
	0.762
	0.416
	0.709



	PLUS
	0.867
	0.485
	0.796
	0.611
	0.728
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Table 5. LU demand under different scenarios in 2025 (hm2).
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	Scenario Analysis
	Farmland
	Forestland
	Grassland
	Water
	Construction Land





	NG
	40,575.06
	918.63
	9126.72
	4130.46
	17,901.36



	FP
	44,128.44
	817.47
	8391.06
	3525.93
	15,789.33



	EP
	41,801.85
	1306.35
	8981.10
	4181.40
	16,381.53



	FEP
	43,986.78
	1306.35
	8245.44
	3576.96
	15,536.70
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Table 6. Changes of the regional area under different scenarios in 2020–2025 (hm2).
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Year

	
Scenario Analysis

	
Farmland

	
Forestland

	
Grassland

	
Water

	
Construction Land






	
2020

	

	
42,258.87

	
1220.13

	
8425.98

	
3208.59

	
17,538.66




	
2025

	
NG

	
40,575.06

	
918.63

	
9126.72

	
4130.46

	
17,901.36




	
FP

	
44,128.44

	
817.47

	
8391.06

	
3525.93

	
15,789.33




	
EP

	
41,801.85

	
1306.35

	
8981.10

	
4181.40

	
16,381.53




	
FEP

	
43,986.78

	
1306.35

	
8245.44

	
3576.96

	
15,536.70




	
2020–2025

	
NG

	
−1683.81

	
−301.50

	
700.74

	
921.870

	
362.70




	
FP

	
1869.57

	
−402.66

	
−34.92

	
317.34

	
−1749.33




	
EP

	
−457.02

	
86.22

	
555.12

	
972.81

	
−1157.13




	
FEP

	
1727.91

	
86.22

	
−180.54

	
368.37

	
−2001.96
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