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Abstract 

 

A travel distances model for debris slides is presented based on information collected in southeastern 

British Columbia, Canada. The model was developed with two objectives: to produce the minimum 

confidence interval for prediction and to consider the uncertainty associated with recorded data. The 

model incorporates a variable that represents terrain morphology by a single number, which increases the 

predictive efficiency of the model as event travel distance is mostly driven by terrain variation. Multiple 

regression analysis was used to model the dependence of event travel distance on terrain morphology, 

slope, stand height, terrain curvature and canopy closure (R2=0.975, p<0.001). Same variables used in the 

regression analysis were then fuzzified to capture data values vagueness. Fuzzy regression method was 

used to predict debris slide travel distance. The research found that for events less than 200 m fuzzy 

regression supplies more accurate predictions while crisp regression performs better on longer events. 

 

 

 

Introduction 

 

Landslides are the geomorphic process with a significant impact on the human society, mainly the result 

of their frequency and occurrences. To reduce the influence of these catastrophic events on the human 

built infrastructure an accurate description of the mechanisms characterizing the terrain failure initiation 

and travel distance is necessary. This study elaborated a new methodology to calculate the runout 

distances for debris slides occurring in forested areas.  

 



Methodology 

 

A set of 39 events collected in southeastern British Columbia, Canada and described as debris slides 

(Cruden & Varnes 1996), were used in model elaboration (Figure 1). 

 

 
Figure 1. Study area 

 

The model was developed with two objectives: to produce the minimum confidence interval for prediction 

and to consider the uncertainty associated with recorded data. The size of the confidence interval depends 

on the performances of the regression used to model the landslide travel distance (Mosteller & Tukey 

1977). The magnitude of the debris slide travel distance is driven by terrain morphology (Wu & Sidle 

1995). Therefore, the model incorporates a variable that represents terrain morphology by a single 

number, which is obtained using one-to-one correspondence between binary and decimal numeration 

systems (Strimbu 2002).  

 

Multiple regression analysis was used to model the dependence of event travel distance on different 

attributes characterising terrain geomorphology, soil and vegetation. The regression equation 

performances depend not only on the amount of variables used in analysis but also on the number of 

assumptions violated or not during analysis. Consequently, as a part of the modeling process, the equation 

selected to predict the landslide travel distance has to fulfilled all the assumptions and requirements 

imposed by regression analysis (Neter et al. 1996).  



Same variables used in the crisp regression analysis were then fuzzified to capture data values vagueness 

(e.g. soil depth and glanulometry, canopy closure and terrain curvature). (Tanaka et al. 1982) fuzzy 

regression method was used to predict debris slide travel distance.  

 

The performances of both regression equations, crisp and fuzzy, were assessed on an independent data set. 

The testing data set was determined using  the methodology proposed by (Snee 1977). 

 

 

Results and Discussions 

 

The method proposed to code terrain morphology has a site-specific character, providing a flexible 

representation of local conditions. This increases the predictive efficiency of the model as event travel 

distance is mostly driven by terrain variation rather than other environmental attributes. 

Several hundred of equations were tried to fit the data set. The final crisp regression equation contains as 

predictor variables terrain morphology, slope, stand height, terrain curvature and canopy closure 

(R2=0.975, p<0.001).  
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The model fulfills all of the assumptions and requirements of regression analysis (i.e. normality,  

homoscedasticity, non-correlated errors, multi-colinearity, outliers). Fuzzy regression equation used, 

besides the significant variables identified in crisp analysis, the slope and stand height independently: 
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Fuzzy model predicted all test events, and two outliers, while crisp regression predicted all of the test 

events but only one outlier (α=0.05). For short events (less than 200 m) fuzzy regression supplies more 

accurate predictions while crisp regression performs better on longer events (Figure 2). 



 
Figure 2. Comparison of the crisp set and fuzzy sets models 

 

Conclusions 

 

Fuzzy set offers a realistic approach to the scientific investigation. The usual weakness associated with 

vagueness of the attributes is not every time valid (Klir & Yuan 1995). The non-linear programming 

approach, proposed by (Tanaka et al. 1982)proved to overcome the wide confidence intervals which are 

the result of fuzzy set arithmetic. The proposed method, a combination of fuzzy set and crisp sets, proved 

to supply the best results for debris slide travel distance.  

 

Both equations (crisp and fuzzy) are easy to implement in any GIS software and can be used in risk 

assessment associated with different forest activities (e.g. harvesting or road building) 
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