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ABSTRACT
Debris Flow is one of the most typical natural hazards in the mountainous areas of Chosica in Peru, which causes
significant damages to people and infrastructure, thus affecting lives and the economy. It is essential to research
this phenomenon to understand its behaviour and mitigate its effects, thus building resilient cities. Therefore a model
was developed for regional susceptibility assessments using geographic information system (GIS) and an index
entropy model adapted for sensitivity analysis of several impact factors of debris flows such as slope gradient, slope
aspect, precipitation, normalized difference vegetation index (NDVI), geology, and developmental stages of the Viso
catchment. The success rate of debris flow prediction by the model is 72.7% based on area-under-the-curve (AUC)
cross-validation of the model.
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1 INTRODUCTION

Debris flows are natural phenomena, which usually come up in mountain regions with intense rainfall. One of the
main approaches to develop hazard reduction strategies is creating debris-flow susceptibility maps to mitigate
risk and avoid future situations (preventive measure). Moreover, with advancements in prediction technology,
several methodologies were developed to come up with susceptibility maps. In this research, the index entropy
method was applied based on the work performed by Chen et al. (2017) and Wu et al. (2020).

2 METHODS AND RESULTS

Index Entropy Model, which is a binary statistical model performed by Vlčko et al. (1980), was used to calculate
the area percentages at all levels and weight of debris-flow impact factors according to Eqs. (1)–(6).

Pij =
Asd

At
(1)

(Pij) =
Pij∑Sj

j=1 Pij

(2)

Hj = −
Sj∑
i=1

(Pij)log2(Pij) j = 1, . . . n (3)

Hjmax = log2(Sj) (4)

Ij =
Hjmax −Hj

Hjmax
(5)

Wj = Ij × Pij (6)

c©YEAR, IAHR. Used with permission ISSN (Online) - ISSN (Print) - ISSN (USB)

mailto:


where At = area of each level for the first classification per factor; Asd = area of debris flow at all levels per
factor; Pij = area percentage of debris flow at all levels per factor; Hj and Hjmax = entropy; Sj = factor level
number; Ij = information coefficient; and Wi = total weight of the factor.

Besides, geographic information system (GIS) was applied to create a debris-flow inventory map and maps of
impact factors (slope gradient, slope aspect, precipitation, NDVI, geology, and developmental stages of
catchment), then the debris-flow susceptibility assessment was performed (Figure 1).

Figure 1: Maps of impact factors, susceptibility map, and cross-validation AUC test.

Finally, the area under the curve (AUC), which assesses the goodness of fit between the actual debris flow and
the prediction model, worked out at 0.727.

3 CONCLUSIONS

From the susceptibility zonation results, the extreme and high debris-flow susceptibility areas are mainly dis-
tributed in Viso catchment on its right bank. Slope aspect, NDVI, and developmental stages of the Viso catch-
ment are the most dominant factors influencing on debris-flow events after applying the index entropy model.
A cross-validation AUC test was performed to assess the accuracy of the model, thus getting an encouraging
success rate of debris flow prediction of 72.7%.
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