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Abstract 
In the literature, different methods and parameters were used to produce the most accurate Landslide Susceptibility 

Map (LSM) in each of the studies. In this study, it was aimed to produce a GIS-based LSM by the The Frequency 

Rate (FR) method in the selected study area, to calculate the accuracy of the produced LSM and to perform all these 

operations fully-automatically. In line with this purpose, user-interface programs were developed in the GIS 

environment. The FR method that is commonly used in the literature and gives high accuracy was used to produce an 

LSM. Slope, aspect, elevation, lithology, distance to fault, distance to river, Normalized Difference Vegetation Index 

(NDVI), land use and rainfall parameters were taken into account to produce the LSM. Consequently, the accuracy of 

the LSM obtained by the FR method was calculated to be 89 %.  
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INTRODUCTION 

Natural disasters cause many losses of life and 

property. One of the natural disasters that cause the 

loss of life and property in Turkey is the landslide. 

It is observed that almost every province in Turkey 

is affected by landslides at certain degrees [1]. The 

Black Sea region is the most important region 

where landslide potential is the highest in Turkey. 

In today's technology, the losses caused by 

landslides can be decreased by determining the 

landslide areas and planning the environment 

accordingly. These areas can be determined by 

landslide susceptibility analyses. The aim of the 

landslide susceptibility analysis is to decrease the 

effects of the landslide by determining dangerous 

and risky areas [2]. Hazard maps contain 

information about the identification of natural 

events and the estimation of the occurrence of such 

natural events in the future [3]. Therefore, the  

production of a high quality LSM is very important 

for natural disaster management.  

Many different methods are applied for the LSM 

which is produced via Geographical  

Information Systems (GIS). There are two basic 

steps in this process. One of these 

steps is the selection of the method and the 

determination of other parameters to be used. When 

the literature is examined, it is observed that LSMs  

 

are produced by applying different methods. Easy 

to use, and carried out with complex mathematical 

operations methods have been used. One of the 

commonly used methods for the preparation of 

LSM is the GIS-based Multi-Criteria Decision 

Analysis (MCDA) method [4], [5]. The Logistic 

Regression (LR) and Geographical Weighted 

Regression (GWR) [6], Regression Tree (RT) and 

LR methods have been used recently [7]. Erener et 

al. [8] created the LSM in Şavşat district of Artvin 

province using the LR, GIS-based MCDA and 

Association Rule Mining (ARM) methods. 

Colkesen et al. [9] compared with the LR method 

using the kernel-based Gaussian Proces Regression 

(GPR) and Support Vector Regression (SVR) 

methods. Chen et al. [10] applied the Naive Bayes 

Tree (NBTree), Kernel Logistic Regression (KLR) 

and Alternating Decision Tree (ADTree) methods. 

The statistical methods commonly used in the 

literature determine the correlation according to 

landslide areas by evaluating the factors affecting 

the landslide. Guzzetti et al. [11] classified the 

methods by summarizing many studies on landslide 

susceptibility in the literature. It was stated that 

probability-based studies were carried out in many 

of them. One of the statistical methods frequently 

used in the preparation of LSMs is the LR method 
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[6], [12], [13], [14], [15]. Terranova et al. [16] 

examined the rainfall factor together with other 

factors with this method. The Frequency Rate (FR) 

method is a commonly used method that is easily 

applied and provides high accuracy [17], [18], [19]. 

In this study, it was aimed to produce a GIS-based 

LSM using the FR method, which is usually 

emphasized to give the most accurate result in the 

literature and to determine its accuracy. The 

surroundings of Şavşat district of Artvin (Turkey) 

province, which is one of the regions with the 

highest landslide risk, was selected as the study area 

(Fig. 1). Consequently, landslide susceptibility 

analysis was performed in the study area. 

 

 
Figure 1. Study Area 

One of the most important topographic parameters 

affecting the formation of landslides is the slope of 

the land. Areas with more roughness increase the 

landslide risk. The slope map of the study area was 

produced in the GIS environment (Fig. 2). Aspect 

(Fig. 2), which is included in topographic 

parameters, is one of the important factors affecting 

the landslide [22], [23]. This parameter should be 

considered for the landslide susceptibility analysis.  

The fault map (Fig. 2) produced by MRE [24] was 

used within the scope of this study. The degree of 

the saturation of slopes is an important criterion for 

a landslide (distance to river). The distance of 

slopes to the river also affects this situation. Rivers 

cause landslides with erosion on hillsides or slopes, 

by saturating the substances forming the slopes 

[25], [26]. The river system of the study area was 

determined in the ArcGIS 10.3 program using the 

DEM data (Fig. 2). Land use is among the 

environmental factors that are mostly affected by 

environmental factors such people etc. The usage 

purpose of the land use data is among the important 

parameters used in applications since it affects the 

landslides. Therefore, the classification was made 

using the Landsat 8 (2016) satellite images, and the 

land use map was created (Fig. 2). 

Depending on many parameters such as humidity, 

vegetation cover, organic matter content, and the 

season in which the rainfall occurs on slopes with 

heavy rainfall, the material in slopes with the 

dominant aspect reaches saturation more quickly 

compared to other slopes. This also causes pore 

water pressure to reach saturation [27].  
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Figure 2. Factor maps

Accordingly, the risk of landslide increases. The 

Black Sea region, where the study area is located, is 

a region exposed to heavy rainfall in the climatic 

sense, and the rainfall factor was taken into account 

because landslide incidents are more frequently 

observed on rainy days (Fig. 2). Another parameter 

which was considered in the study is lithology (Fig. 

2). This parameter, which is among the geological 

factors, is an important parameter commonly used 

for landslide formation because the structures with 
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different features have different susceptibility for 

landslide formation. Vegetation (Fig. 2) is among 

the important environmental factors used to 

investigate landslide susceptibility as it retains the 

soil. In particular, it prevents soil from sliding in 

sloped areas.

 

 
Figure 3. The user interface program developed for producing the LSM 

 

Production of the LSM    

Using the Frequency Ratio Method 

The frequency ratio method is applied by 

investigating the relationship between past  

landslide locations and the subclasses of each 

factor. In this method, the relationship of the 

subclass with the landslide inventories is used.The  

 

FR values are calculated. Then, these calculated 

values are transferred to the GIS environment. The 

LSM is created using the FR values. The LSM is 

obtained by calculating the Landslide Susceptibility 

Index (LSI) by adding the FR values assigned to 

each layer one after the other. 
 

LSI = FRslope + FRaspect + FRelevation + FRfault + FRriver + FRndvi + FRlithology + FRland use +

FRrainfall                                                                   (1) 
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The accuracy of the LSM created should be 

calculated. The accuracy analysis was performed 

with the test landslides that were determined at the 

very beginning of the study. LSM's "high" and 

"very high susceptible" classes were used.  

 

 
Figure 4. The user interface program developed for accuracy assessment of the LSM 

 

User-interface Programs Developed for 

Producing the LSM and Accuracy Assessment 

The user-interface program (Fig. 3) developed in 

accordance with 9 parameters considered in the 

study automatically creates each of these parameter 

maps by loading the appropriate inputs. For 

example, the river system is created 

automatically from the DEM input data, and the 

buffer zone analysis is automatically performed on 

it. This includes an application valid for all 

parameters. Furthermore, the developed user-

interface program ensures that all maps are cut 

according to the same study area and their spatial 

resolutions are the same with the coordinate system.  
As it is known, it is essential that the said features 

of all maps should be same while the latest maps are 

being overlaid, and the user-interface program  

 

 

provides it. The user-interface program was 

developed so that the values obtained with the FR 

and other similar methods (such as WOFE) after 

creating all the maps could be entered into the 

system with reclassification as input. This allows 

that the developed user-interface program could be 

used for similar methods (WOFE, etc.) except for 

the FR method. In addition to the LSM-producing 

user-interface program, a user-interface program 

calculating the accuracy of this map was also 

developed (Fig. 4). The inputs of the program are 

the existing landslide areas in the study area with 

the LSM obtained as an output from the previous 

model.

 

RESULTS AND DISCUSSION 

In this study, the LSM was created by taking into 

account the slope, aspect, elevation, lithology, 

distance to fault, distance to river, NDVI, land use 

and rainfall parameters (9 parameters) and by 

applying the FR method (Fig. 5).  

According to the results obtained, high and very 

high landslide areas were found to be consistent 

along the fault and river line. The maximum 

landslide risk was observed in clastics and  

 

 

carbonate formations along with the volcanite and 

sedimentary rocks from the lithological units (upper 

middle Eocene). On the other hand, 

this study confirms the statement of Gökçe et al. [1] 

that the Eocene volcanites in the Eastern Black Sea 

region are suitable areas for the 

formation of landslides. When the land use was  

taken into account, it was observed that the risk of 

the landslide increased in agricultural and 
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residential areas with a high human effect. The high 

landslide risk was also determined on the slopes 

facing moderately sloping northeast with increased 

moderate elevation. It was indicated by Terrarona 

et al. [16] in landslide susceptibility analysis studies 

that the rainfall is also an important triggering 

factor. According to the findings obtained in this 

study, the maximum landslide risk was found in 

 

 areas with the highest average rainfall, and the 

opinions of Terrarona et al. [16] were also 

confirmed. The accuracy of the LSMs directly 

affects the accuracy of each study (urban planning, 

disaster management, etc.) to be carried out 

depending on these maps. Therefore, the accurate 

production of LSMs is extremely important.

 
Figure 5. LSM produced by the FR method 
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The accuracy of the LSM produced in this study 

was obtained to be 89%. This accuracy value 

obtained is consistent with other similar studies in 

the literature. User-interface programs that can be 

used easily by everyone, that fully-automatically 

produce the LSM with the required 9 parameters in 

any landslide area and that fully-automatically 

calculate the accuracy of this map produced were 

used for the landslide susceptibility analysis. Thus, 

it was ensured that long-lasting complex 

geographic investigation and analysis operations 

were performed easily.

 

CONCLUSION 

In this study, as it has been emphasized by many 

researchers in the literature, the FR method has 

been used for the LSM production since it is easy to 

apply and provides higher accuracy. With the 

developed method, the LSM of the study area in 

Şavşat district of Artvin (Turkey) province was 

determined fully automatically with 89% accuracy. 

On the other hand, this study is the first LSM of 

Şavşat district produced by the FR method using 9 

parameters. Besides, it was ensured that the  

 

 

landslide susceptibility analysis in any location of 

the world could be easily performed with user-

interface programs developed in the GIS 

environment. After the data related to the 

parameters used have been added to the user-

interface program as the input data, the LSM is full-

automatically produced within a few minutes, and 

the accuracy of this LSM is determined. When it is 

considered from this point of view, this study has 

originality. 
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