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Introduction: The Gansu section of the Yellow River Basin is an important water resource conservation and replenishment area for the entire Yellow River Basin. With urbanization and socio-economic development, it is urgent to study the characteristics of land-use change and its future simulation in order to realize the coordinated ecological and economic development.
Methods: Based on the patch-generating land-use simulation (PLUS) model, this paper investigated the main drivers of land-use type expansion with a comprehensive consideration of natural and socio-economic aspects; moreover, the study simulated land-use change in 2030 under the four scenarios of natural development, cultivated land protection, ecological priority, and economic construction.
Results: The results showed the following: 1) the prediction of land-use types continued the historical evolution since 1980. Grassland, cultivated land, and forest land were still the dominant land types, accounting for more than 87% of the basin’s total area. Water bodies and wetlands remained relatively stable, and there was an obvious increase of approximately 20% in construction land. 2) Construction land and grassland were primarily driven by the social factor of the distance from the primary road and the distance from the secondary road, respectively. The cultivated land was greatly affected by the economic factor of population density. 3) The cultivated land protection scenario was the only one of the four scenarios that could make the cultivated land area increase positively, with an increase rate of 0.5%. This scenario also restricted effectively the conversion of cultivated land into construction land. The ecological priority scenario can expand grassland obviously with a proportion of 1.82% and slow down oasis desertion. The economic construction scenario can increase the construction land area the most by a rate of 25.5% to accelerate the economic development of specific regions in the study area.
Discussion: Therefore, implementing policies on the basis of choosing suitable scenarios in different areas was significant for optimizing the land-use structure, promoting the efficient use of land resources and ecological environment in the Gansu section of the Yellow River Basin.
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1 INTRODUCTION
Research on land use/cover change (LUCC) focuses on simulating and exploring its spatiotemporal evolution at the regional or global scales, analyzing the dynamic mechanism of its development, and modeling its dynamic trend (Guo et al., 2009; Perring et al., 2016; Li et al., 2017; Wan et al., 2017; Liu et al., 2018a; Islam et al., 2018; Liu et al., 2020; Fu et al., 2020; Shah et al., 2022; Jing et al., 2023). The Gansu section of the Yellow River Basin is an important water conservation and replenishment area for the entire Yellow River Basin, taking on the important tasks of clean water recharge, ecological restoration, soil and water resource conservation, and pollution control in the upper reaches of the Yellow River (Gansu Provincial government, 2021). Therefore, LUCC of the Gansu section of the Yellow River Basin has become a focal point of national strategic importance and academic attention (Wang Rui, 2023; Zhang, 2023), especially after the ecological protection and high-quality development of the Yellow River Basin were elevated to a major national strategy in 2019.
Scholars have constructed various land-use change models based on different modeling objectives and realized land-use simulation in different regions. The Markov model and system dynamics rely on the past land quantity to reasonably predict the future land quantity, but they lack the ability to simulate the spatiotemporal land-use change. Cellular automaton (CA) can represent complex LUCC systems and have been widely used for simulating and forecasting of land use (Li and Yeh, 2000; Wu, 2002; Feng and Tong, 2018). The SLEUTH model (Clarke et al., 1997), CLUE-S model (Verburg et al., 2002; Verburg et al., 2004; Liu G. et al., 2017; Zhang et al., 2018; Huang et al., 2019), agent-based model (Chebeane and Echalier, 1999; Huang and Song, 2019), and FLUS model (Liu X. P. et al., 2017; Wang et al., 2019) are all extended version of the CA model. Because the SLEUTH and agent-based models do not easily integrate socio-economic factors in the simulation process, they are not widely used. The CLUE-S model is based on systems theory, including the non-space requirements module and space allocation module. The non-space demand module calculates the total demand for different types of land, but it needs to be completed by independent mathematical models. The FLUS model introduces the adaptive inertia coefficient and roulette mechanism; the roulette mechanism can better reflect the competition and uncertainty among different land types in the process of land-use change so as to enhance the accuracy of the simulation. However, it lacks the ability to model patch evolution of natural land-use types. In this paper, we select a patch-generating land-use simulation (PLUS) model coupling a novel land expansion analysis strategy (LEAS) with a CA model (CARS) based on multi-type random patch seeds (Liang et al., 2021). Compared to other models, the PLUS model can further reveal potential land-use conversion rules and identify the drivers of land expansion; moreover, it can get higher simulation accuracy and more similar landscapes (Li C. et al., 2021; Liang et al., 2021).
This paper’s aims were the following: 1. analyzing the spatiotemporal change characteristics of land-use types from 1980 to 2020. 2. Exploring the driving forces behind the expansion of land-use types in the Gansu section of the Yellow River Basin. 3. Simulating land-use changes for the year 2030 under four scenarios, namely, natural development, cultivated land protection, ecological priority, and economic construction. Although some studies on the land-use change of the Yellow River Basin were conducted (Zhang and Miao, 2020; Huang et al., 2022; Wu et al., 2022; Yu et al., 2023), future simulation of the land-use change and the driving factors of land type expansion were still not fully investigated in the context of the Gansu section of the Yellow River Basin. This paper will provide the scientific decision-making foundations for sustainable land use and ecosystem management, and moreover, it will provide the optimization basis for land spatial development and protection pattern aimed at high-quality development.
2 STUDY AREA AND RESEARCH METHODS
2.1 Study area overview
The Gansu section of the Yellow River Basin is located in the central and eastern part in Gansu Province (E92°13′–108°46′, N32°11′–42°57′). It is in the upper reaches of the Yellow River, with an average elevation of approximately 2,200 m, and most of the areas are in 400 mm isoprecipitation west. The Gansu section of the Yellow River Basin is an important ecological security barrier in western China. It contains more than one-fifth of the water volume of the Yellow River and accounts for approximately 80% of the population and GDP in the whole Gansu Province and is the core area of the province’s politics, economy, and culture. This study area consists of nine cities and prefectures, including Lanzhou, Baiyin, Wuwei, Dingxi, Tianshui, Pingliang, Qingyang, Gannan, and Linxia. The total area is approximately 1.8 × 105 km2, constituting 42.9% of the total area of Gansu Province. The main course of the Gansu section of the Yellow River Basin flows through four cities and prefectures, namely, Baiyin, Lanzhou, Linxia, and Gannan, covering a total length of 913 km, which accounts for approximately 16.7% of the total length of the main course of the Yellow River and covers roughly 19% of the entire area of the Yellow River Basin. Additionally, the Yellow River tributaries flow through five cities, including Wuwei, Qingyang, Pingliang, Tianshui, and Dingxi (Gansu Provincial government, 2021). (Figure 1)
[image: Figure 1]FIGURE 1 | Location of the Yellow River Basin in Gansu Province.
2.2 Data sources and processing
LUCC data from the years 1980, 1990, 2000, 2010, and 2020 were classified into cultivated land, forest land, grassland, water bodies, construction land, and unused land, with an accuracy of at least 94.3% (Liu et al., 2018b; Liu et al., 2020) (http://www.resdc.cn/). We separated beaches and marshland from the secondary level and classified them as wetlands; thus, there were seven categories of land-use types in the study area. We can get DEM (digital elevation model) data on the study area by processing DEM data on nine cities (http://www.gscloud.cn) with the mosaic function in the raster dataset of ArcGIS 10.8 software. We can also get slope from DEM data by means of ArcGIS 0.8. Annual average precipitation, annual average temperature, GDP, NDVI (normalized difference vegetation index), population density, and soil type data were acquired (http://www.resdc.cn/). Road, highway, railway, and river data were derived from the National Catalog Service for Geographic Information (https://www.webmap.cn/), and Municipal government headquarters data were obtained from BIGMAP (https://www.bigemap.cn). All data were resampled to a 30-m grid for consistent analysis.
2.3 Research methods
2.3.1 Change of land use
2.3.1.1 Land-use dynamic degree
The land-use dynamic degree model reveals the level and trend characteristics of land structure changes, directly reflecting the speed and amplitude of land change (Wang and Bao, 1999).
[image: image]
where [image: image] denotes the dynamic degree of a certain land type in period T; [image: image] and [image: image] denote the areas (km2) of a certain land type at the initial and final stages, respectively; and T is measured in years.
2.3.1.2 Land-use development degree
Land-use development degree refers to the actual development level of a certain land type within a unit of time (Sun et al., 2018).
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where [image: image] is the development degree of a certain land type in period [image: image] and [image: image] denotes the total area of a certain land type, which was transferred from other land types. The other indicators are the same as in Equation 1.
2.3.1.3 Land-use consumption degree
Land-use consumption degree represents the actual reduction in the utilization of a specific land type within a unit of time (Yang et al., 2015).
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where [image: image] is the consumption degree of a specific land type in [image: image] period and [image: image] denotes the total area of a certain land type, which was transferred to other land types. The other indicators are the same as in Equation 1.
2.3.2 Land-use transition matrix
Land-use transition matrix (Table 1) describes the mutual transformation relationship between different land-use types in a region, which can reflect the loss direction of each type of land at the beginning of the study period and the source composition of each type of land at the end of the study period (Wu et al., 2022). We obtain the transition matrix by utilizing the raster calculator function of ArcGIS 10.8 software based on two-period land-use data.
TABLE 1 | Land-use transition matrix.
[image: Table 1]Here, Ai is the ith land-use type. n is the number of land types. Sij denotes the conversion area from the ith land type at time T1 to the jth land-use type at time T2. Si+ represents the total area of the ith land type at T1. S+i represents the total area of the ith land type at time T2 (i = 1,2, … , n).
2.3.3 Scenario description
Under the policy support of the “Outline of the Plan for Ecological protection and high-quality development in the Yellow River Basin,” “Ecological protection and high-quality development plan for the Yellow River Basin in Gansu Province,” and “General planning of land use in Gansu Province,” based on the relevant scenario setting methods of previous studies and combined with the historical land-use change characteristics and future land-use planning in study area, we set four scenario models to simulate and predict the spatial distribution pattern of land use in 2030.
2.3.3.1 Natural development
ND was based on land-use transition probability matrix from 2000 to 2010 and from 2010 to 2020. This scenario had no other restrictions on the conversion of different land-use types or government and market interventions. It was the basis for considering other scenarios.
2.3.3.2 Cultivated land protection
The quality and quantity of cultivated land are crucial for a country’s food security; therefore, rigorously controlling the conversion of cultivated land into construction land and other land types is a vital step. We assumed a reduction of 80% in the probability of cultivated land conversion to construction land, a 30% reduction in the probability of conversion to forest land or grassland, and a 100% reduction in the probability of conversion to unused land.
2.3.3.3 Ecological priority
Ecological conservation zones, hydropower stations, rivers, and lakes were set as restricted areas in order to prevent the uncontrolled urban expansion from causing damage to the ecological environment. We assumed a 60% reduction in the probability of conversion from forest land, grassland, water bodies, or wetlands to construction land; a 90% reduction in the probability of conversion to unused land; and a 60% reduction in the probability of conversion to cultivated land. The probability of converting cultivated land to construction land or unused land was decreased by 60%. The probability of conversion from unused land to forest land, grassland, water bodies, or wetlands was increased by 20%.
2.3.3.4 Economic construction
In this scenario, ecological conservation zones, hydropower stations, rivers, and lakes were still set as restricted areas referring to the “Ecological protection and high-quality development plan of the Yellow River Basin in Gansu Province.” The possibility of converting cultivated land, forest land, and grassland into construction land increased by 20%. The conversion probability of construction land to other types of land except the cultivated land was reduced by 30%.
2.3.4 Description of the PLUS model
2.3.4.1 PLUS model and operation
The PLUS model (Liang et al., 2021), integrating a land-expansion analysis strategy (LEAS) module and a cellular automaton (CA) module based on multi-class random patch seeds, is a patch-based future land-use change simulation model. The LEAS module extracts the expansion of various land-use types between two dates of land-use data and takes samples from the expanded portions, and then, it employs the random forest algorithm to obtain the development probabilities for each land-use type and determine the contributions of the driving factors to the expansion of various land-use types during the study period. The CA model generates patches of land use in the way of spatial and temporal dynamics while adhering to the constraints imposed by the development probabilities and the total number of pixels of each land-use type that is predicted by the Markov chain module.
The land-use simulation process in the Gansu section of the Yellow River Basin based on the PLUS model needs to experience three steps: 1) simulating land-use data from 2020 by the CA module and achieving Kappa coefficient and FOM value through comparing simulation data with the real data from 2020 by the validation module. Thus, we can get the accuracy to determine whether future land use change can be simulated. 2) Computing land-use quantity of each land-use type for 2030. 3) On the premise of overall accuracy, based on historical data from 2020, we simulated the spatial pattern distribution of the study area in 2030 by the CA module under the condition that the predicted land-use quantity, development probability of various types of land use, neighborhood weight, and conversion matrix are set.
2.3.4.2 Quantitative driving factors
This study selected 15 driving factors consisting of natural factors, social factors, and economic factors, of which the natural factors included annual average temperature, annual average precipitation, DEM, slope, NDVI, and soil types; social factors involved the distances from primary road, secondary road, tertiary road, railway, highway, water area, and prefecture-level city government station; and economic factors included population density and GDP (Figure 2). We quantified these driving factors by converting the vector data of all the driving factors into 30 m × 30 m raster data and calculating the distance from each grid point to each driving factor with the help of the Euclidean geometric distance by ArcGIS 10.8 software. Through the correlation analysis, we know that the correlation coefficients among the driving factors are relatively small, and we can regard them as independent.
[image: Figure 2]FIGURE 2 | Spatial distribution map of each driving factor.
2.3.4.3 Land-use demand forecast
In the natural development scenario, we predicted the quantity of various land-use types in 2030 based on the starting year 2010 and ending year 2020 by using the Markov chain module embedded in the PLUS model. In other scenarios, based on previous studies and combined with the historical land-use change characteristics and future land-use planning in the study area, we revised land-use transfer probability matrix from 2010 to 2020 and obtained the transfer probability matrix from 2020 to 2030. Subsequently, we calculated the area of each land type for the year 2030 (Table 7).
2.3.4.4 Land-use conversion matrix
Based on the historical land-use transfer situations, land-use conversion matrixes in different scenarios were established (Table 2), where 0 indicates disallowing transition and 1 signifies allowing transition.
TABLE 2 | Scenario simulation conversion matrix.
[image: Table 2]2.3.4.5 Neighborhood weight parameters
This indicator represents the expansion intensity of a certain land-use type in the research period. Its value ranges from 0 to 1. The closer the value is to 1, the larger the value is, and the stronger the land-use type expansion ability is. In this study, land-use quantity in 2020 and 2030 was used to calculate the expansion intensity of each land-use type (Wang et al., 2019),
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where [image: image] represents the weight of the ith land-use type, [image: image] represents the expansion area of the ith land-use type from 2020 to 2030, [image: image] represents the minimum value among the expansion areas of various land-use types, and [image: image] represents the maximum value among the expansion areas of various land-use types (Table 3).
TABLE 3 | Neighborhood weights for simulated scenarios.
[image: Table 3]2.3.4.6 Restricted development areas
In the cultivated land protection scenario, all cultivated lands were assumed not to participate in land-use transfer. In the ecological priority scenario, natural reserves, hydropower stations, rivers, and lakes were set as restricted areas, which did not involve the land-use transfer. In the economic construction scenario, the restricted areas were still set the same as in the ecological priority scenario. At the same time of economic construction, we must also ensure ecological protection (Gansu Provincial government, 2021).
2.3.4.7 Accuracy validation
We evaluated the accuracy of the simulation results using the Kappa coefficient and FOM value.
The Kappa coefficient was 0.94, FOM value was 0.2, and the overall accuracy was 95.93%. These results indicated that the model’s accuracy in simulating land-use changes in this study was relatively high, demonstrating the reliability and stability of the model. Therefore, it can be used for simulating land-use changes in the year 2030.
3 RESULTS AND ANALYSIS
3.1 Spatiotemporal changes in land use
3.1.1 Land-use spatial distribution characteristics
From 1980 to 2020, grassland, cultivated land, and forest land were the dominant land types in the Gansu section of the Yellow River Basin, reaching at 87%, of which grassland occupied the highest proportion, consistently accounting for approximately 47%, followed by cultivated land and forest land, accounting for approximately 27% and 13%, respectively. Cultivated land was mainly distributed in all the areas except for Gannan. Forest land was mainly distributed in Gannan and a small part of Tianshui, Wuwei, and Qingyang. Construction land was mainly concentrated in Lanzhou and Baiyin. Most of the unused land was located in Wuwei (Figure 3).
[image: Figure 3]FIGURE 3 | Spatial change of land-use types in the Gansu section of the Yellow River Basin from 1980 to 2020.
3.1.2 Analysis of land-use quantity change characteristics
The cultivated land area initially increased and then decreased. From 1980 to 2000, the cultivated land area increased by 351.4 km2. However, from 2000 to 2020, cultivated land witnessed the most significant decline, with a total reduction of 3,052.3 km2. The construction land area increased continuously during the study period, and especially from 2000 to 2020, the construction land area had the largest increase with a total of 1,372.74 km2 for rapid urbanization, accounting for approximately 55%. Although the area of grassland had a little increase from 2000 to 2020, it was relatively stable. The area of forest land was also initially decreased during 1980 and 2000 and then increased after 2000 (Table 4).
TABLE 4 | Change of the land-use type from 1980 to 2020.
[image: Table 4]3.1.3 Analysis of the land-use change rate
The amount and proportion of various land-use types from 1980 to 2020, variation in the area between different years, dynamic degree, development degree, and consumption degree of various land types calculated by Equations 1–3, respectively, are detailed in Table 4. We have seen that the dynamic degrees of all land-use types from 1980 to 2000 were lower than that from 2000 to 2020, except for water bodies and wetlands, which indicated that they changed more dramatically from 2000 to 2020. The dynamic degree of construction land was the highest from 1980 to 2020, which reached 1.74%. Water bodies showed the highest dynamic degree, with a negative growth rate of 0.95% from 1980 to 2000 but a positive growth rate of 0.86% from 2000 to 2020. The important reason for this was likely that the largest area in the secondary classification of water bodies was permanent glacial snow, which doubled during 2005 and 2010 (Xiao et al., 2021). Forest land also showed a negative dynamic degree of –0.06% from 1980 to 2000 and a positive 0.17% from 2000 to 2020. Grassland had a higher dynamic degree of 0.08% from 2000 to 2020 than 0.04% from 1980 to 2000. Cultivated land had the dynamic degree of 0.04% from 1980 to 2000 and −0.3% from 2000 to 2020.
During the entire study period, the development degree of land-use types in descending order was as follows: construction land, water bodies, wetlands, forest land, grassland, cultivated land, and unused land. The consumption degree in descending order is as follows: water bodies, cultivated land, wetlands, construction land, unused land, grassland, and forest land (Table 4).
3.1.4 Analysis of the land-use transition matrix
Based on the spatial analysis tools of ArcGIS 10.8 software, we used a raster calculator on the vector classification maps of land-use types for the two periods 1980–2000 and 2000–2020 in the study area and obtained transition matrixes of the two periods. From the land-transfer situation of the two periods, the main outflow direction of cultivated land was grassland and construction land, and the outflow area was 101.14 km2 and 204.72 km2, respectively, from 1980 to 2000 and 3,526.91 km2 and 1,093.76 km2, respectively, from 2000 to 2020. The outflow directions of forest land and unused land were also grassland, and the outflow area was 375.89 km2 and 140.86 km2, respectively, from 1980 to 2000 and 375.77 km2 and 342.27 km2, respectively, from 2000 to 2020. The main outflow direction of grassland was cultivated land, and the outflow area was 547.62 km2 from 1980 to 2000 and 1,545.62 km2 from 2000 to 2020.
Through analysis, we have seen that the conversion of land type mainly occurred between cultivated land and grassland. After 2000, the transfer of cultivated land to grassland led to an increase in the grassland area. The transfer of cultivated land to grassland and construction land led to a decrease in the area of cultivated land. The transition matrix from 2000 to 2020 dominated the whole study period (Tables 5, 6).
TABLE 5 | Land-use transition matrix from 1980 to 2000.
[image: Table 5]TABLE 6 | Land-use transition matrix from 2000 to 2020.
[image: Table 6]3.2 Analysis of driving factors in land-use expansion based on the PLUS model
Cultivated land, grassland, and construction land changed dramatically from the transition matrix from 1980 to 2020. Through the LEAS module embedded in the PLUS model, it can be concluded that the driving factor of cultivated land expansion with the highest contribution was population density, followed by annual average precipitation and the distance from the primary road. Overlaying the data on cultivated land expansion in the study area and population grids, it can be concluded that the increasing area of cultivated land was mainly distributed in regions with a relatively low population density. The driving factor of construction land with the maximum contribution was the distance from the primary road, followed by the population density and the distance from the secondary road. Overlaying the data of construction land expansion in the study area and raster data of the distance from the primary road, it can be verified that regions with increased construction land are primarily distributed around the primary and secondary roads with dense population; in other words, expansion of construction land was near the city. The main driving factor affecting the increase in the grassland area was the distance from secondary road, followed by NDVI and annual average precipitation (Li et al., 2005; ZHANG, 2017; HAN C. L. et al., 2021; HAN HQ. et al., 2021). Overlaying the data on grass land expansion in the study area and raster data on the distance from the secondary road, it can be verified that most of the grassland growth areas are concentrated in the areas with high NDVI and rainfall near the secondary road.
For other land-use types, forest land expansion was mainly affected by annual average temperature, population density, and DEM; the expansion of water bodies was mainly affected by DEM, the distance from water areas, and soil types; the expansion of unused land was influenced by population density, GDP, and annual average precipitation; and the expansion of wetlands was affected by GDP, the distance from the highway, and water areas (Figure 4).
[image: Figure 4]FIGURE 4 | Increasing areas of cultivated land, grassland, and construction land superimposed with their highest contributing factors.
3.3 Analysis of multi-scenario land-use simulation
The PLUS model had high accuracy, with an average accuracy of 95.94%. The simulation accuracies of water bodies and construction land were a little low, with 79.81% and 75.91% accuracy, respectively. The accuracies of the five other land types were high. The results could accurately reflect the change of land-use demand in the Gansu section of the Yellow River Basin, which can be used for the following simulation and prediction. Based on the area of various land types under four scenarios, variation of area, and proportion (Table 7), we simulated the spatial pattern distribution of the study area in 2030 under four scenarios by the CA module of the PLUS model (Figure 5).
TABLE 7 | Land-use change in 2030 under multiple scenarios.
[image: Table 7][image: Figure 5]FIGURE 5 | Spatial distribution map of land-use types in 2030.
Under the natural development scenario, the area of cultivated land and unused land reduced by 906.03 and 250.66 km2, respectively, in 2030, and the area of grassland and construction land increased by 446.06 km2 and 774.95 km2, respectively, in 2030. Construction land expansion was obvious, accounting for 20.01%. From the point of view of spatial structure and transition matrix from 2020 to 2030, the expansion of grassland, which was converted from cultivated land, was mainly distributed in Huan county in Qingyang and Kongtong districts in Pingliang. Construction land expansion, which was also mainly from cultivated land, was distributed in the Liangzhou district in Wuwei; Lanzhou except for Qilihe and Honggu districts; Baiyin district, Pingchuang district, and Jingyuan county in Baiyin; Linxia city, Linxia county, Guanghe county, and Kangle county in Linxia; Anding district, Lintao county, and Longxi county in Dingxi; Gangu county, Wushan county, Qinan county, and Qinzhou district in Tianshui; Kongtong district, Huating city, Jingchuan county, Jingning county, and Zhuanglang county in Pingliang; and Xifeng district, Ning county, Zhengning county, and Zhenyuan county in Qingyang. There was also part of construction land converted from unused land located in the Liangzhou district and northwest of Minqin county in Wuwei. We found that construction land expansion mainly occurred in cities, prefectures, and nearby counties and districts.
Under the cultivated land protection scenario, forest land, grassland, and unused land reduced, while the cultivated land and construction land increased to 237.36 km2 and 286.67 km2, respectively, and water bodies also increased a little. According to the transition matrix from 2020 to 2030, some unused land had been converted into construction land, which appeared in the Liangzhou district and northwest of Minqin county in Wuwei. Parts of unused land had been converted into wetlands, which appeared in Minqin county in Wuwei and Maqu county in Gannan.
Under the ecological priority scenario, the area of cultivated land and unused land decreased significantly, of which unused land decreased the largest in the four scenarios, reaching 552.85 km2. Forest land, grassland, and water bodies increased, achieving the purpose of protecting forest land, grassland, and water bodies. Construction land still increased. From the transition matrix of 2020–2030, the area of grassland converted from cultivated land had reached 1,228.97 km2, which was obvious in Qingyang, Pingliang, Tianshui, Dingxi, Baiyin, and Lanzhou. A small amount of unused land was converted to construction land, which was distributed in the northwest of Minqin county and Liangzhou district in Wuwei. A small amount of unused land converted to grassland, which was distributed in Minqin and Gulang counties in Wuwei and Maqu county in Gannan.
Under the economic construction scenario, we still had the same restricted areas, as in the ecological priority scenario in order to not destroy the ecological protection area in the economic construction scenario. In this scenario, construction land expanded the most drastically, reaching at 25.5%, mainly encroaching on cultivated land and small amounts of unused land. Therefore, cultivated land decreased the most. Moreover, forest land played a certain role in construction land expansion. The distribution of construction land expansion was consistent with the natural development scenario.
4 DISCUSSION
4.1 Driving factors and recommendations for land-use change
In the past four decades in the Gansu section of the Yellow River Basin, the change of cultivated land, grassland, and construction land was relatively obvious. The area of construction land transferred from cultivated land accounted for 69.90% of the total increasing amount of the construction land area, while the area of grassland transferred from cultivated land represented 72.39% of the overall increasing amount of the grassland area. This indicated that the injection of the cultivated land area was a major factor contributing to the expansion of construction land and grassland. Therefore, the driving factors of the expansion of construction land and grassland can approximately reflect the reasons for cultivated land area decrease. On the other hand, the area of cultivated land converted from grassland accounted for 70.94% of the increase in the cultivated land area. Therefore, the driving forces of cultivated land expansion can, to a large extent, reflect the reasons for the decrease in the grassland area. Decision-makers should fully consider the conflict among cultivated land protection, ecological priority, and economic construction through analyzing the main driving factors of land-use expansion. In the future processes of land-use development and protection, we can learn from the main drivers of land-use change in this study and make the drivers play a greater role in land-use planning, project construction site selection, and enhancement of ecological services.
4.2 Trends and benefits for land-use change in different scenarios
Significant differences were observed in land-use changes under the four scenarios. Under the natural development scenario, construction land, mainly converted from cultivated land according to the transition matrix, grew rapidly with the intensification of human activities without policy restriction, reaching as high as 20.01%, and this is contrary to strengthening the construction of agricultural infrastructure and resolutely holding the red line of cultivated land protection (Gansu Provincial government, 2021). We must limit some conditions. In the cultivated land protection scenario, more emphasis was placed on restricting the conversion of cultivated land to construction land and other land types. It is recommended that decision-makers plan and control urban growth boundaries rationally, strictly control the construction land encroachment on cultivated land, and adhere rigorously to the red line for cultivated land protection (Gansu Provincial government, 2021). In the ecological priority scenario, noticeable growth was observed in grassland and water areas with a little increase in forest land. The degradation problem of the wetlands of the first meander of Yellow River National Nature Reserve in Maqu county had been weakened to a certain degree until 2030 (Chen, 2017; Wang M. M., 2023). This scenario mainly indicated that oasis desertion would be greatly slowed down in Minqin, Gulang, and Maqu in 2030, but it showed a better effect in Minqin (Li J. H. et al., 2021). This is probably because Minqin County successively carried out key ecological construction projects, such as sand control and ecological restoration, at the beginning of the 21st century (Xie and Chen, 2008). Although this scenario played an important role in ecosystem restoration, the cultivated land was not effectively protected. Under the economic construction scenario with same restricted areas as in ecological priority, construction land expanded the most drastically, which was mainly distributed in these places that are mentioned in the natural development scenario. These expansions were just close to the primary road, which was consistent with the main driving factors of construction land expansion. The reason of the dramatic expansion was probably the development of Lanzhou–Xining city clusters and the promotion of Tianshui, Pingliang, and Qingyang actively participating in the construction of city clusters on the Guanzhong plain (Gansu Provincial government, 2021). However, cultivated land, forest land, grassland, water bodies, and wetlands decreased faster than in the ecological priority scenario. Therefore, we should control the expansion rate of construction land to protect ecological land from encroachment under the policy guarantee of the “Ecological protection and high-quality development plan for the Yellow River Basin in Gansu Province” (Gansu Provincial government, 2021). On one hand, multi-scenario simulation can compare the spatial pattern difference between different scenarios, and on the other hand, it can realize the tradeoff development between multiple scenarios. According to this, we should advise decision-makers to consider selecting appropriate development scenarios for different regions.
4.3 Suggestions for land-use change
In past four decades, the area of grassland transferred from cultivated land represented 72.39% of the overall increasing amount of the grassland area. The reason was likely to be returning of cultivated land to forest and grassland under the background of a series of ecological protection and restoration projects after 2000 (Lv, 2003). The total area of cultivated land was still decreasing, which indicates that although the land consolidation campaign aimed at realizing the dynamic balance of cultivated land occupation and compensation was constantly promoted (Gansu Provincial government, 2019), it was still difficult to make up for the decrease in the total amount. Because the reduction of cultivated land has an impact on food security, we should strictly observe the red line of cultivated land protection, improve the production efficiency of cultivated land, and make intensive use of the existing cultivated land. We will also suggest decision-makers to lay emphasis on the cultivated land protection scenario in the areas where cultivated land is concentrated. On the other hand, it is necessary to control the transfer of grassland to cultivated land to ensure that the ecosystem does not undergo drastic changes. We hope that the ecological priority scenario is considered in the areas where grassland, forest land, or wetlands are concentrated.
4.4 Suggestions for future research
Through practice and thinking, there are still the following problems in this paper that need further research and discussion:
1. Due to the complex and diverse factors affecting various types of land change, the selection of driving factors is not comprehensive enough, which will lead to deviation of prediction. Further research for selecting and analyzing of the driving factors will improve the prediction accuracy of PLUS. At the same time, the relationship between the driving factors (e.g., distance from roads and population density) and land-use change will be further elucidated by the logistic regression model.
2. Land-use transfer probability matrix from 2020 to 2030 was revised according to previous studies and combined with the historical land-use change characteristics and future land-use planning in the study area. It is inevitably subjective. We plan to use the MOP model, which is multi-objective programming, to calculate the area of various land-use types of the study area in 2030 and then simulate land-use changes with the PLUS model to enhance the accuracy and robustness of land-use change predictions.
5 CONCLUSION
This paper analyzed the spatiotemporal changes in land use; explored the driving factors behind land-use expansion; and predicted the quantity, spatial distribution characteristics, and trends in land use for the year 2030 under four different scenarios based on the PLUS model. The following conclusions are drawn:
1. The prediction of land-use types continues the historical evolution since 1980. Grassland, cultivated land, and forest land remain the primary land types, accounting for more than 87% of the basin’s total area. Water bodies and wetlands have remained relatively stable. The primary trend in land-use change involved the exchange between cultivated land and grassland, along with the continuous expansion of construction land.
2. The driving factors of the expansion of construction land and grassland can approximately reflect the reasons for the decrease in the cultivated land area. The driving forces of cultivated land expansion can, to a large extent, reflect the reasons for the decrease in the grassland area.
3. Multi-scenario simulation results showed that under the natural development scenario, cultivated land was occupied by part of grassland. Under the cultivated land protection scenario, this restrained the conversion of cultivated land into construction land and other land types. Cultivated land showed positive growth. Under the ecological priority scenario, part of cultivated land was also transferred to grassland. Grassland and forest land showed positive growth. Under the economic construction scenario, construction land expanded the most drastically, mainly encroaching on cultivated land, small areas of unused land, and forest land. Our simulations and predictions are also consistent with the current regional development pattern. This study suggested valuable insights for future land-use prediction in the area.
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