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Abstract 

Landslide is a catastrophic natural hazard that should be regarded because it affects the loss of lives and properties. 

Consequently, it is necessary to assess and analyze the landslide susceptibility to determine the opportunity of 

landslides zonation. The statistical approaches are the quantitative methods that determine landslide susceptibility 

as a numerical estimation. The study reviews the common statistical approaches used on landslide susceptibility 

modelling using geographic information system techniques. The method commonly used in bivariate statistical 

approaches are the Information Value (IV), the Weights of Evidence (WOE), and the Frequency Analysis 

(likelihood ratio) methods, and multivariate statistical approaches. Recently, machine learning (ML) algorithms 

are mathematical model mapping approaches used to learn or find underlying patterns in data. Furthermore, ML 

are a new and interesting technique that has been effective in the previous century. 
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1. Introduction 

Landslide is the movement of geomaterial on the 

rock, soil, or rock and soil slope flowing along the 

slip surface under the influence of gravity (Cruden, 

1991). Landslides affect the loss of lives and 

properties. Therefore, it is necessary to assess spatial 

landslide susceptibility in order to prepare 

mitigation plans and predict areas where landslides 

may occur in the future (Guzzetti, Reichenbach, 

Cardinali, Galli, & Ardizzone, 2005). Several 

strategies for evaluating landslide susceptibility 

have been classified as qualitative or quantitative 

approaches (Aleotti & Chowdhury, 1999). The 

qualitative techniques are based on expert opinions, 

and they are difficult to assess the map validity 

(Guzzetti et al., 2012). In contrast, the quantitative 

methods determine landslides susceptibility based 

on the numerical relationship between the factors 

responsible for causing landslides (or causative 

factors) and landslides area (Ayalew & Yamagishi, 

2005). The quantitative approaches consist of 

deterministic and statistical (Stochastic) approaches. 

The approaches attempt to predict future slope 

instability patterns from the past and the present 

information (Guzzetti, Carrara, Cardinali, & 

Reichenbach, 1999). The deterministic quantitative 

approaches are based on engineering properties of 

slope instability expressed in the factor of safety 

term (Arca & Lorenzon, 2018). However, the 

statistical methods are more practical than 

deterministic approaches because they are more 

appropriate for assessing a large area (Merghadi, et 

al., 2020). Moreover, the geographic information 

system-based (GIS-based) can implement statistical 

techniques for enhancing the accuracy level of 

landslide susceptibility maps (Clerici, Perego, 

Tellini, & Vescovi, 2002). Consequently, this study 

aims to review the general statistical approaches 

using GIS techniques on landslide susceptibility 

modelling. 

2. Statistical approaches for landslide 

susceptibility mapping 

Statistical approaches are the numerical methods 

based on relationships of causative factors that have 

contributed to present and past landslide distribution 

(Guzzetti et al., 1999). These approaches were 

broadly classified into two categories, which are 

bivariate and multivariate statistical approaches. 

2.1 Bivariate statistical approaches 

Bivariate statistical approaches aim to analyze the 

relationship between each causative factor and the 

landslide areas (Pradhan, Dawadi, & Kim, 2012). 

The general bivariate approaches are used for 

landslide susceptibility mapping and hazard 

zonation, namely, the Information Value (IV), the 

Weights of Evidence (WOE), and the Frequency 

Analysis (likelihood ratio) methods. 

2.1.1 Information Value method 

The Information Value (IV) approach of landslide 

spatial prediction is based on connections between 

the landslide areas and related causal factors 

(Mengistu, Suryabhagavan, Raghuvanshi, & Lewi, 

2019). The landslide map can be combined with the 

causative factor maps to calculate the weights for 

respective classes. The classes are sublevel of the 

causative factors, e.g., the causative factor is slope 

angle, then the classes will be consisting of 0o-10o, 
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10o-20o, 30o-40o, etc. Thus, overlaying the causative 

factors map on the landslide inventory map can 

determine the landslide density of causative factor 

classes (Mengistu, Suryabhagavan, Raghuvanshi, & 

Lewi, 2019). If the information value is positive, the 

causative factor class reflects the area's strong 

association with landslides. Furthermore, the 

weighted value of a causative factor class may be 

expressed as the natural logarithm of landslide 

density in a factor class divided by landslide density 

in the whole map region (van Westen, Rengers, 

Terlien, & Soeters, 1997). 

2.1.2 Frequency Analysis (likelihood ratio) 

method 

The frequency analysis or frequency ratio (FR) 

approach is a model that represents the association 

between landslide sites and the variables in the 

observation region based on observed links between 

the distribution of landslides and each causative 

component (Lee & Pradhan, 2007). The FR is a 

proportion of the percentage of landslides in each 

causative factor class to the total area (Youssef, 

Pourghasemi, El-Haddad, & Dhahry, 2016). The 

larger FR represents the stronger the relationship 

between landslide occurrence and the given factors 

attribute, i.e., slope, elevation, rainfall intensity, etc. 

(Lee & Pradhan, 2007). The landslide susceptibility 

index (LSI) for each pixel is the summation of total 

overlapped pixels. 

2.1.3 Weights of Evidence method 

The Weights of Evidence (WOE) model has been 

used for landslide susceptibility since the 1990s. 

This technique uses the prior probability to estimate 

or predict the conditional probability, and it is 

applicable when sufficient landslide occurrence data 

are available (Bonham-Carter, 1994). The WOE 

method is based on Bayesian theory to determine the 

relationship between the spatial distribution of the 

landslide and the spatial distribution of causative 

factors (Sujatha, Kumaravel, & Rajamanickam, 

2014). Moreover, this method calculates from the 

positive and negative weights to define the degree of 

spatial association between landslide occurrence and 

the class of each explanatory variable, this method 

uses different combinations of landslide causative 

factors to describe their correlation with landslide 

distribution areas (Van Westen, 2002).  

2.2 Multivariate statistical approaches 

Multivariate statistical approaches were developed 

for landslide zonation by Carrara, Cardinali, Detti, 

Guzzetti, & Pasqui (1991). The multivariate 

approaches are commonly used for landslide 

susceptibility mapping, which are discriminant, and 

logistic regression methods. 

 

 

2.2.1 Discriminant method 

The discriminant analysis method was first 

developed to classify stable and unstable slope-units 

in Italy (Carrara et al., 1991). The discriminant 

analysis permits determining the maximum 

difference for each landslide causative factor 

between the landslide appearance group and non-

landslide appearance group and determining weights 

(Lee, et al., 2008). The slope units are divided into 

two classes: landslide impacted and landslide free, 

and the relative relevance of each causative factor is 

represented by computing the Standardized 

Discriminant Function Coefficient (SDFC). SDFC 

indicates the relative relevance of each causative 

factor in the discriminant function as a predictor of 

slope instability. Variable with high value 

coefficients is strongly associated with the presence 

or absence of landslide. 

2.2.2 Logistic Regression method 

The Logistic Regression (LR) method is the most 
popular method that allows evaluating a 

multivariate regression relationship between an 

independent (landslide causative factors) and 

dependent (landslides) variable (Lee & Pradhan, 

2007). The critical advantage of LR over multiple 

linear regression is that by adding an appropriate 

relation function to the typical linear regression 

model, the variables may be discrete or continuous, 

and they do not essentially have a normal 

distribution (Lee & Pradhan, 2007). In the LR, the 

dependent variable is a binary variable representing 

the presence (1) or the absence (0) of a landslide, 

whereas the independent variables can be 

continuous, discrete, dichotomous, or a mix of any 

of them to predict the possibility of landslide 

occurrence in each grid, the probability (P) was 

calculated using the LR model (Lee & Pradhan, 

2007). 

3. Conclusion 

Landslide susceptibility zonation is a critical task in 

the landslide management process. In addition, the 

application of remote sensing and GIS are the vast 

importance for practical landslide hazard 

assessment. The landslide assessments are 

influenced by several primary and triggering factors, 

which vary significantly from each area. Therefore, 

landslide evaluations are challenging to determine 

weights for each causative factor. The weight 

determination based on the relative importance of 

landslide causative factors is defined differently by 

several approaches. Qualitative approaches are 

required experienced evaluation, and the outcome 

maps are difficult for validity assessment.  

Furthermore, the statistic approaches provide 

objective methods for determining weights for a 

given parameter based on their relationships with 

landslide occurrence. There are several techniques 
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available for evaluating landslide susceptibility and 

hazard zonation, which are not mentioned herein. 

Currently, machine learning algorithms are new 

innovative techniques that help characterize objects 

and events in geosciences that are critical for 

understanding the earth system, extensively used for 

landslides susceptibility assessment. 
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