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The Beijing–Guangzhou Railway is a critical transportation corridor in China, 
with the Zhuzhou–Guangzhou segment particularly susceptible to landslides 
due to steep terrain and marked climatic variability. This study combined 
713 large-scale landslide remnants with 14 Influencing factors (topography, 
geology, and hydrology) to analyze landslide spatial distribution and proposed 
a multiscale landslide susceptibility assessment framework based on a “global 
modeling–local analysis” approach. The contribution of each factor to 
susceptibility was quantified using a random forest model coupled with the 
SHapley Additive exPlanations (SHAP) method. Spatial analysis revealed that 
landslides are concentrated in areas at 188–752 m elevation, with slopes of 
15°–30°, curvatures of −0.35–0.22, Jurassic strata, and high precipitation, and 
are significantly influenced by river erosion and railway engineering activities. 
The susceptibility model performed well (AUC = 0.88). Global analysis showed 
that high and very high susceptibility areas are primarily located in the central and 
southern sections of the study area, particularly in northern Lechang, Shaoguan, 
and Suxian District, Chenzhou. Local analysis of three representative sections 
further indicated that slope, Topographic Wetness Index (TWI), elevation, and 
curvature are the primary hazard factors, with the order of contribution 
varying across sections, reflecting the regional characteristics and complexity 
of landslide mechanisms along the railway. This study provides a scientific basis 
for landslide risk prevention and control along the Beijing-Guangzhou Railway 
and a transferable reference for susceptibility assessment in similar regions.
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FIGURE 1
Location map of the study area.

2 Study area and data

2.1 Study area
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2.2 Large-scale landslide relics inventory

      

 
       

      
       

2.3 Influencing factors

  

   

 

   

   

   
   

 

     

 

     

 

3 Methods

  

3.1 Model sampling

   

3.2 Random Forests
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FIGURE 2
Typical landslide images in the study area. (a) at 23°44'26.37"N, 113°47'15.85"E; (b) at 24°28'16.83"N, 112°09'1.82"E; (c) 23°44'22.27"N, 113°46'30.93"E;
(d) at 24°29'43.20"N, 112°13 37.10"E.
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FIGURE 3
Large-scale landslide relics distribution map.

3.3 Model validation

   
  

 

3.4 SHAP interpretability method
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FIGURE 4
(Continued).
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FIGURE 4
(Continued).

   

4 Results and analysis

4.1 Spatial distribution of large-landslide 
relics
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FIGURE 4
(Continued). Factor classification maps. (a) Elevation; (b) Slope; (c) Aspect; (d) TPI; (e) Curvature; (f) Geology; (g) Average precipitation; (h) FVC; (i) TWI;
(j) PGA; (k) Landcover; (l) Distance to Fault; (m) Distance to River; (n) Distance to Railway.

TABLE 1  Environmental impact factors and data sources.

Data source Data type Impact factor
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FIGURE 5
Pearson correlation analysis of influencing factors.

        

4.1.1 Topographic factors
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FIGURE 6
Workflow diagram.

  

  

4.1.2 Basic geological factors

  

   

 

4.1.3 Hydrometeorological factors
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FIGURE 7
Distribution map of sample points.

 

   

 

Frontiers in Earth Science 12 frontiersin.org

https://doi.org/10.3389/feart.2025.1722201
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Liu et al. 10.3389/feart.2025.1722201

FIGURE 8
Relationships between elevation and LND and LAP.

FIGURE 9
Relationships between slope and LND and LAP.

FIGURE 10
Relationships between Curvature and LND and LAP.

 

FIGURE 11
Relationships between aspect and LND and LAP.

FIGURE 12
Relationships between TPI and LND and LAP

FIGURE 13
Relationships between geology and LND and LAP.

4.1.4 Surface coverage factors
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FIGURE 14
Relationship between Distance to fault and LND and LAP.

FIGURE 15
Relationship between average precipitation and LND and LAP.

FIGURE 16
Relationship between distance to river and LND and LAP.

  

FIGURE 17
Relationship between TWI and LND and LAP.

FIGURE 18
Relationship between FVC and LND and LAP.
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FIGURE 19
Relationship between landcover and LND and LAP.

FIGURE 20
Relationship between Distance to railway and LND and LAP.

 

4.2 Model validation

 

 
   

4.3 Global susceptibility assessment of 
large-scale landslide relics
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FIGURE 21
ROC curve.

TABLE 2  Confusion matrix of RF model.

 Precision Recall F1-score Support

TABLE 3  Landslide susceptibility grade area and area ratio.

Grade Area (km2) Area ratio (%)

  

 

4.4 Importance of influencing factors
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FIGURE 22
Large-landslide relics susceptibility map.
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FIGURE 23
Factor importance of according to RF method.

FIGURE 24
Feature importance based on SHAP.
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4.5 Local analysis of landslide susceptibility 
in representative sections

 

   

    

  

   

 

   
 

5 Discussion

5.1 Spatial heterogeneity of landslides and 
segmental differences
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FIGURE 25
Landslide susceptibility results in Chenzhou District.

FIGURE 26
Factor importance ranking in Chenzhou District.
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FIGURE 27
Landslide susceptibility results in Lechang District.

FIGURE 28
Factor importance ranking in Lechang City.
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FIGURE 29
Landslide susceptibility results in Yingde City.

FIGURE 30
SHAP summary plot (Yingde City).
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5.2 Refined evaluation framework: 
Applicability and innovation
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5.3 Limitations of methods and data

 

 

 

6 Conclusion
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