2.3.2 Prediction of Future Land Cover Changes Based on the PLUS Model
[bookmark: OLE_LINK1](1) Land cover simulation driving factors. The driving factors selected for land cover change simulation included a combination of geographic, environmental, and socioeconomic variables (Table S3; Figure S2). These included the distances to motorways, trunk roads, primary roads, secondary roads, tertiary roads, railways, cities, and water bodies. In addition, other topographic variables were also involved, such as elevation and slope, soil types, and historical average NPP, GDP, and POD, along with climate variables, including precipitation and temperature.
(2) LEAS land cover expansion analysis strategy. Land cover change raster units were derived from two historical land cover datasets and used in combination with selected driving factors as inputs for the LEAS module. The random forest algorithm (with the number of trees set to 4 and all other parameters at default) was employed to evaluate the contribution of each driving factor to the expansion of different land cover types, producing development probability maps. Using this LEAS-based approach, this study generated land cover development probability maps for various land cover categories in the two basins from 2011 to 2021, along with the associated contribution rates of each driving factor (Figure S3).
(3) The CARS module is an enhanced CA model that incorporates the development probability maps from the LEAS module, along with a random seed generation and threshold decay mechanism. These features enable the PLUS model to dynamically simulate land cover changes across space and time under probability constraints (Liang et al., 2021). In this study, the CARS module was employed to simulate land cover in 2021, with 2011 set as the initial year. The number of parallel processing threads was set to four, while the other parameters remained at their default values. Based on the configured parameters (Tables S4–5), the land cover simulation for 2021 was completed successfully.
(4) Model validation. The PLUS model employed the overall accuracy, Kappa coefficient, and Figure of Merit (FoM) as statistical indicators to assess the agreement between simulated and actual land cover distributions (Table S6). A Kappa coefficient exceeding 0.75 denoted a high simulation accuracy (Yang et al., 2021; Zhang et al., 2025) . Likewise, a higher FoM value indicated a better predictive performance and greater spatial precision in the simulation output (Huang et al., 2024; Liang et al., 2021).
[bookmark: _Hlk205988151](5) Iterative land cover simulation under SSP-RCP scenarios. Following model validation, decadal land cover projections (2030–2100) were generated through iterative simulations under SSP-RCP scenarios. This cyclical approach initialized each target decade (e.g., 2040) with the simulated land cover from the preceding timestep (e.g., 2030). Development probability maps were then regenerated using the LEAS module, incorporating updated future drivers under the target SSP-RCP scenario. Scenario-specific land cover demand derived from LUH2-adjusted allocations (Section 2.3.3) was enforced, and conversion cost matrices (Table S7) and neighborhood factors (Table S8) were applied. Finally, the spatiotemporal dynamics were assessed using transition matrices (formula in Table S6) to quantify inter-class land conversions and spatial metrics to evaluate landscape patterns.
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