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Abstract

To address the lack of ecological conservation considerations, inefficient single-path planning, and
the failure to integrate safety, ecology, and landscape in traditional mountain fitness trail design,
this study focuses on path planning that minimizes disturbance to natural ecosystems while meet-
ing trail usage demands. It centers on the coupling of vegetation ecology conservation and topogra-
phy. A three-dimensional route evaluation system integrating safety, ecology, and landscape was
established, employing a multi-method approach. Regarding terrain slope, gradients exceeding 50
degrees (non-compliant with national standards) were set as hard constraints, while compliant
slopes were standardized. For safety factors, a XGBoost model quantifies landslide risk using 175
positive and 175 negative landslide samples, with Bayesian optimization for hyperparameters and
SHAP values determining weights. For ecological factors, carbon stock loss was calculated using the
InVEST-Carbon module, and loss grids were adjusted based on carbon density calculations for dif-
ferent land uses. Indicator weights were determined via the entropy weight method. Multi-origin-
multi-intermediate-multi-destination networked minimum-cost path planning was employed, with
paths comprehensively screened using the VM landscape factor combined with Pareto non-domi-
nated solutions. The proposed networked planning model and multi-factor coupling method effec-
tively balance ecological conservation, carbon sink functionality, safety assurance, and landscape
experience. This approach addresses limitations of traditional planning and provides scientific sup-
port for designing low-impact pathway corridors for mountain fitness trails.
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Figure 1. Core process flowchart
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Figure 2. Environmental problems around the trail
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Table 2. Carbon density of different land use components
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Table 3. Revised carbon density values
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Figure 3. Campsite selection technical roadmap
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Table 4. SHAP weight results
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Table 5. SHAP weight results
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Figure 8. Comprehensive resistance surface
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Figure 9. Minimum-cost network
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Figure 11. Pareto frontier analysis chart
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Figure 13. Pareto frontier analysis chart
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