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landslide susceptibility modelling in a moun-
tainous area

Abstract  Susceptibility modeling is valuable in combating land-
slides, one of the natural disasters that cause significant adverse 
impacts worldwide. The most important data for modeling land-
slide susceptible areas are inventories containing records of past 
landslides. How to sample these inventory data and include them 
as dependent variables in the susceptibility model is controversial. 
In this study, we aimed to evaluate the effects of different sam-
pling strategies on landslide susceptibility models. Eight different 
grid-based sampling strategies were presented in assessing shallow 
landslides in a mountainous area. We modeled landslide suscepti-
bility using these sampling strategies. Extreme gradient boosting, 
a machine learning method, and ten factors (elevation, slope, plan 
curvature, profile curvature, topographic position index, topo-
graphic wetness index, stream power index, topographic roughness 
index, distance to streams and roads) were used for modeling in the 
Çiftekavak basin (Turkey). We found that sampling from the highest 
25% grids of landslide areas was the most successful strategy. The 
comparison of the produced models revealed that the change in 
sampling strategies significantly affects the susceptibility models. It 
is strongly recommended that the most accurate sampling strategy 
be preferred when modeling landslide susceptibility.
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Introduction
Landslides are one of the most common natural disasters in the 
world, causing loss of life, property damage, and economic losses 
(Froude and Petley 2018; Aristizábal and Sánchez 2020; Gómez et al. 
2023). According to the CRED (2022) report, between 2001 and 2020, 
landslides caused an average economic loss of 300 million USD per 
year, and 884 people died. Landslides have a wide range of negative 
socio-economic impacts, such as infrastructure damage (Gnyawali 
et al. 2023; Miele et al. 2021), agricultural losses (Deng et al. 2022), 
and displacement (Akbulut 2011; Baseler and Hennig 2023; Senanay-
ake et al. 2022). Knowing the potential landslide areas in the early 
stages is essential to minimize these negative impacts. It is possible 
to identify these areas with landslide susceptibility assessments.

Landslide susceptibility is the spatial identification of the prob-
ability of future landslides using various variables (Aleotti and 
Chowdhury 1999; Guzzetti et al. 2006). Landslide-prone areas are 
identified by heuristic methods (Wang and Nanehkaran 2024; 
Menéndez-Duarte et al. 2024), bivariate statistical methods (Shano 
et al. 2021; Bopche and Rege 2022), or machine learning methods 
(Kavzoglu and Teke 2022a; Shahabi et al. 2023; Lokesh et al. 2025). 

Landslide susceptibility is modelled by considering various envi-
ronmental factors (Reichenbach et al. 2018; Ado et al. 2022). While 
creating these models, a relationship is established between envi-
ronmental factors, independent variables, and landslides, depend-
ent variables. At this point, landslide inventory data of the modeled 
areas is needed.

Landslide inventory is a dataset containing various information 
such as the location, type, and volume of landslides in an area (Fell 
et al. 2008). Landslide events in the past are mapped using various 
techniques (Guzzetti et al. 2012; Reichenbach et al. 2018). Although 
the preparation of the landslide inventory is considered the whole 
process of creating a landslide-dependent variable, it is actually the 
first step. The most crucial detail is to decide which point or part of 
the identified landslide areas is the sample to represent the land-
slide. The sampling of landslides directly affects the landslide sus-
ceptibility model. Abraham (2021) stated that the sampling strategy 
effectively achieves the best susceptibility result. Proper landslide 
sampling is the most fundamental problem in accurately assessing 
the susceptibility (Regmi et al. 2014; Ada and San 2018). The dif-
ficulty in identifying the exact point where the slope is unstable 
(Regmi et al. 2014) and the lack of a standardized procedure (Guz-
zetti et al. 2012; Huang et al. 2022) make the comparison of different 
sampling strategies necessary.

Researchers have used different methods to sample landslide 
data. With the ‘seed cell’ strategy proposed by Suzen and Doyuran 
(2004), the buffer zone formed on the landslide crown was used for 
sampling, considering that pre-failure conditions are better sam-
pled. Thus, no sampling is taken from within the landslide area, 
which is supposed to be disturbed. Although this buffer zone differs 
in studies such as 100 m (Nefeslioglu et al. 2008b), 60 m (Ramani 
Sujatha et al. 2012), and 50 m (Dagdelenler et al. 2016), the seed cell 
sampling method was used in many studies (Yesilnacar and Topal 
2005; Nefeslioglu et al. 2008a; Ada and San 2018). To represent the 
pre-failure conditions, Gorum et al. (2008) also reconstructed the 
digital elevation model data to the pre-landslide profile, and sam-
pling was performed from this data, and more successful results 
were obtained. In some studies, each landslide was sampled with 
a single point. The location of this point within the landslide also 
differs between the studies. A single point in the crown (Lee et al. 
2004; Pourghasemi et al. 2020; Abraham et al. 2021) or a single point 
corresponding to the highest grid in the landslide area was sam-
pled for a more systematic determination of a single point. In these 
studies (Woodard et al. 2023), if there is more than one grid with 
the highest value in the landslide area, the grid with the highest 
slope value among these grids was considered the sampling point. 
A single point in the center of the landslide polygons, including the 


