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Debris flow, as a highly destructive geological hazard, requires accurate 
prediction of its impacted area for effective disaster prevention and mitigation. 
However, when predicting debris flow-affected area in small watersheds 
influenced by micro-topography and microclimate, the role of vertical rainfall 
distribution characteristics is often overlooked. This study examines the 
influence of heterogeneous rainfall—a complex factor—on the area impacted 
by debris flows. Taking Xulong Gully as a case, we fit precipitation data using 
a mountainous vertical rainfall distribution formula, calculate runoff via the soil 
conservation service curve number method (SCS-CN) method, compute runoff 
peak discharge using the isochrone method, the runoff peak discharge is used 
for computing the solid-liquid peak discharge of the input hydrograph, and 
predict impact ranges with the finite volume-based SFLOW software. Results 
are compared with those from traditional methods and those obtained using 
the inverse distance weighting (IDW) method for rainfall distribution. Analysis 
shows that the maximum error in fitting daily maximum rainfall using the 
mountainous precipitation vertical distribution formula (Gaussian curve) for 
Xulong Gully is 11.90%. This acceptable error indicates that the formula is 
suitable for watersheds with pronounced vertical rainfall distribution patterns. 
The debris flow, calculated using the methodology outlined above with the 
mountainous rainfall formula as input, can rush out of the gully mouth, form 
a large-scale deposit fan, and block the Jinsha River channel. By contrast, 
debris flows simulated by traditional methods (following DZ/T 0020-2006) and 
the IDW method (for rainfall extrapolation) are confined to the main gully and 
do not reach the gully mouth. This finding indicates that the IDW and code-
based methods underestimate the debris flow hazard in Xulong Gully. This study 
integrates the mountainous precipitation vertical distribution formula with the 
SCS-CN method, isochrone method, and SFLOW simulation to predict debris 
flow impact areas under heterogeneous rainfall. The approach has significant 
practical value for small watersheds, including Xulong Gully, where micro-
topography and micro-climate effects are notable.
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1 Introduction

  
      

 

  
    

      

    

      
      

 
  

 

2 Study area
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FIGURE 1
3D map of Xulong Gully.

TABLE 1  Geometric characteristic parameters of Xulong Gully.

Drainage area/km2 55.62 Maximum relative height difference of the basin/km 2.70

  
  

  

  

3 Materials and methods

3.1 Mountain rainfall formula
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3.2 Runoff volume calculation
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3.3 Peak flood flow calculation
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3.4 Calculation of area impacted by debris 
flows
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TABLE 2  Statistical table of maximum daily rainfall of weather stations at different altitudes.

Station name Longitude Latitude Elevation Maximum daily rainfall (mm) Data time

 

 

4 Results

4.1 Fitting result of the mountain rainfall 
formula

  

  

  
  

 

4.2 Calculation result of runoff volume

4.2.1 Hydrologic soil groups (HSG)

    

4.2.2 Land use type
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TABLE 3  Fitting results of mountain rainfall formula.

Fitting parameters a b H R2 SSE

64.845 1.242 × 10−7 4350 m 0.74 0.05794

Station name Elevation Observed value Calculated value Residual Variance

FIGURE 2
Fitting result of the mountain rainfall formula.

FIGURE 3
Distribution characteristics of HSG in Xulong Gully (Sun et al., 2019).
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FIGURE 4
Distribution characteristics of land use in 
Xulong Gully (Sun et al., 2019).

4.2.3 Runoff volume

   
   

   

  

 

FIGURE 5
Distribution characteristics of CN value in 
Xulong Gully (Sun et al., 2019).

4.3 Calculation results of peak flow of 
debris flow
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FIGURE 6
Distribution characteristics of runoff in Xulong Gully (Sun et al., 2019).

 

4.4 Calculation results of the area 
impacted by debris flows

  

  

  

    

   

5 Discussion

5.1 Comparative analysis of peak flow of 
debris flow
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TABLE 4  Basic parameters of calculation using the isocurrent time-line method.

Name Convergence 
length (m)

Average slope 
descent (%)

Lag time (min) Convergence time 
(min)

Time interval (min)

TABLE 5  Peak discharge of clear water and debris flow in Xulong Gully.

Method Mountain rainfall formula Normative law IDW

FIGURE 7
Process curves of debris flow under different rainfall distribution 
conditions.

  

5.2 Analysis of numerical simulation results
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FIGURE 8
Outflow range, flow depth and flow velocity of debris flow in Xulong Gully under different rainfall distribution conditions: (a) outflow range and flow 
depth calculated using the mountain rainfall formula; (b) extent and depth calculated using the standard method; (c) range and depth calculated using 
the IDW method; (d) flow velocity calculated using the mountain rainfall formula; (e) flow velocity calculated using the normative method; (f) flow 
velocity calculated using the IDW method.

FIGURE 9
Statistics table of debris flow risk mapping.
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5.3 Debris flow hazard mapping

   

    

  

6 Conclusion
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