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Abstract. Cianjur Regency was often hit by landslides. In 2022, this regency was affected by landslide,
leading to several civilian deaths, injuries, along with damaged houses and infrastructure. To minimize the
impact, determining landslide susceptibility level was proven to be an essential step in maximally plan-
ning disaster management. Therefore, this study aimed to develop landslide susceptibility model in Cianjur
Regency using the Geographic Information System (GIS). The landslide susceptibility model was based on
Landslide Numerical Risk Factor (LNRF) method using spatial data consisting of historical landslides, the
Digital Elevation Model (DEM), geology, soil types, land cover, rainfall, and earthquakes in Cianjur Regency.
The accuracy of model was tested using the ROC-Curve method with a value of 0.845 being considered very
good. The result showed that most of areas in Cianjur Regency had moderate and high levels of landslide
susceptibility, with a percentage of 40% and 46%, respectively. Areas with high level were mostly found in
the southeastern part of Cianjur Regency, moderate was evenly distributed, while low levels were in the
northeastern and coastal areas.
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1. Introduction

Landslide is the most frequent natural disaster in West
Java Province (Disaster Management Agency of West Java
Province, 2024), specifically in Cianjur Regency where 694
incidents occurred between 2018-2023 (Disaster Manage-
ment Agency Cianjur Regency, 2024). Generally, landslide
occurs in mountainous areas with high annual rainfall
above 2500 mm/year (Hyunuk et al., 2016). These con-
ditions are often experienced in Cianjur Regency, where
the topography ranges from hills to mountains with an
elevation of 350 to 2962 meters above sea level (masl).
In 2021 and 2022, this regency had more than 3000 mm
of rainfall, namely, 3185 mm and 3544 mm, respectively
(Central Bureau of Statistics Cianjur Regency, 2024a).
Seismic activity, including high rainfall, has shown
significant potential to trigger landslide. In 2022, Cianjur
Regency, specifically Cugenang Sub-district, was hit by a
fairly severe landslide, which caused by a series of earth-
quake disaster (Hartini et al., 2022). The earthquake di-
saster was among the factors that caused 2022 to be the
year with the most landslide, accounting for 291 incidents

between 2018 and 2023 (Disaster Management Agency
Cianjur Regency, 2022).

Landslide is a type of disaster capable of causing loss
in terms of both material and non-material (Sobirin et al.,
2017), including severe environmental and infrastructure
damage as well as loss of life (National Board for Disaster
Management, 2018). Landslide in Cugenang Sub-district
occurred in Cianjur Regency, causing a severe impact on
life and properties. As reported in the online news site
https://kompas.com/, the disaster caused severe infrastruc-
ture damage on roads, residents’ houses, and schools. Ad-
ditionally, thousands of residents were reported to evacu-
ate due to the damage to their homes (Syahrial, 2022).
The disaster also caused thousands of injuries and deaths,
showing the need for an effective disaster management
plan (Noviandi, 2022).

A good disaster management plan can minimize the
severe losses caused by landslide, requiring knowledge of
danger source or threat. In this context, mapping landslide
susceptibility is among the efforts that can be made in disas-
ter management planning (Sulistyo, 2016). According to Fell
et al. (2008), landslide susceptibility refers to the potential

Copyright © 2026 The Author(s). Published by Vilnius Gediminas Technical University

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http.//creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


http://creativecommons.org/licenses/by/4.0/
mailto:iqbalputut@sci.ui.ac.id

for an incident in an area. This mapping is important to pro-
vide an overview of the distribution of prone areas (Abdullah
et al, 2019) and determine a mitigation plan.

Significant developments in remote sensing and
Geographic Information Systems (GIS) have facilitated
the creation of landslide susceptibility maps (Aleotti &
Chowdhury, 1999). Landslide susceptibility assessment
and mapping based on GIS have been widely carried out
by several previous studies with various methods. These
include Analytical Hierarchy Process method (Kornejady
et al, 2014; Abedini & Tulabi, 2018), Information Value
(InfoVal) (Che et al.,, 2012; Vijith et al., 2009), Frequency
Ratio (Lee & Sambath, 2006; Akinci et al., 2011; Reis et al.,
2012), Landslide Numerical Risk Factor (LNRF) (Gupta &
Joshi, 1990; Saha et al., 2005; Torkashvand et al., 2014;
Eslami et al,, 2019; Patil & Panhalkar, 2023), Spatial Multi-
Criteria Evaluation (Mustikaningrum et al., 2023), Weight of
Evidence (Lee & Choi, 2004; Kayastha et al., 2012), Logistic
Regression (Lee & Sambath, 2006; Lee & Pradhan, 2007;
Althuwaynee et al,, 2014), Fuzzy (Kanungo et al,, 2009),
and Artificial Neural Network (Lee et al., 2004; Yesilnacar
& Topal, 2005). The LNRF method has been widely used in
landslide susceptibility studies (Gupta & Joshi, 1990; Saha
et al., 2005; Torkashvand et al., 2014; Eslami et al., 2019;
Patil & Panhalkar, 2023). However, there are no studies
that have applied LNRF in Indonesia, particularly in Cian-
jur Regency. The LNRF method is considered suitable for
measuring landslide susceptibility, specifically in moun-
tainous areas (Gupta & Joshi, 1990). Therefore, this study
aimed to develop landslide susceptibility model for Cianjur
Regency using the LNRF method.

2. Methods
2.1. Study area

This study was conducted in Cianjur Regency, astronomi-
cally located between 106° 42'-107° 35’ East Longitude

Table 1. Data and variable
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Figure 1. Study area

and 6° 21'-7° 25' South Latitude. The regency, with an
area of 361435 ha, consisted of 354 villages, 6 wards, and
32 sub-districts (Central Bureau of Statistics Cianjur Re-
gency, 2024b). Based on geographical location, it has four
administrative boundaries, as shown in Figure 1.

2.2. Data and variable

In this study, primary data used were obtained directly by
the authors as the first party in the form of field observa-
tion. Secondary data were obtained indirectly from agen-
cies and other official sources (Table 1).

Data Variable Source Scale
Landslide Field observation
Landslide occurrence Disaster Management Agency (BPBD) Cianjur Regency 1:25000
occurrence .
Google Earth Pro image
Slope
Digital Elevation Elevation 0.27-arcsecond
9 Topographic curvature | DEMNAS (equivalent to
Model (DEM) .
Soil wetness 8.1 meters)
Water flow strength
Monthly rainfall Annual rainfall CHIRPS 5000 meter
Geology of Cianjur | Distance from faults Website of the Geological Agency of the Ministry of Energy and .
) . ) 1:100000
Regency Geological formation Mineral Resources
. . Center for Agricultural Land Resources Research and .
Soil type Soil type Development (BBSDLP) 1:50000
Geospatial Information Agency (BIG) )
Land Cover Land cover OpenStreetMap (OSM) 1:25000
Earthquake Earthquake USGS Earthquake Website -
occurrence
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Landslide incident data sourced from the Disaster
Management Agency Cianjur Regency was used as a ref-
erence for sampling. The data contained information on
the date and location of Cianjur Regency landslide inci-
dent in 2018-2023 in the form of sub-districts and villages.
Landslide locations selected for observation were easy to
reach and their coordinates were recorded using GPS on
cellphones. These coordinate points were used a reference
to delineate landslide area. Based on field observations,
checks, and adjustments were also carried out, including
the appearances on Google Earth Pro images using Disas-
ter Management Agency data. Delineation was carried out
when images information and appearance showed traces
of landslide (Figure 2). Based on sampling with both meth-
ods, data on 80 incidents obtained from 2018 to 2023
were collected, including coordinate points and landslide
area. The data were used for training and testing with a
ratio of 70:30, consisting of 56 and 24, respectively.

Figure 2. Delineation of landslide

DEM data were processed to meet slope, elevation,
topographic curvature, soil wetness conditions, and water
flow strength. Meanwhile, geological data including faults
and geological formations, were used to calculate distance
variables. Independent variables included landslide occur-
rence incidents, rainfall, soil type, land cover, earthquakes,
and population density. While landslide susceptibility and
population exposure were dependent variables. Subse-
quently, ArcGIS Pro software was used to process variables.

2.3. Workflow

The development of landslide susceptibility model started
with the creation of thematic maps of each variable, as
shown in Figure 3. Thematic maps included landslide in-

cidents inventory, slope, elevation, topographic curvature,
soil wetness, water flow strength, rainfall, soil type, land
cover, distance from faults, geological formations, and
earthquakes. For each variable, the LNRF method was cal-
culated and used for existing landslide area data. All maps
created were combined using the overlay method to pro-
duce landslide susceptibility map. The map accuracy was
tested using the ROC-Curve method through data testing.

2.4. LNRF

Landslide susceptibility model using LNRF method was
conducted with ArcGIS Pro software. The calculation start-
ed by overlaying landslide area data with each variable
using Intersect tool. New polygons in the form of landslide
areas were generated based on the variable classes. In the
attribute table, landslide area was calculated based on the
variable class using the Calculate Geometry tool as the
initial step to estimate the LNRF value. Furthermore, the
LNRF value was calculated using the Calculate Field tool
by determining the ratio between landslide area in a class
of a variable and the average landslide area. The LNRF
equation used is as follows:

LNRF = A, M

where, A is landslide area in a class of a variable, and E is
the average landslide area of all classes of a variable.

LNRF values would be classified into susceptibility levels
according to the rules of the LNRF method in a new column.
These values were grouped into 3 classes for each thematic
data based on their numerical weight (Table 2). After the pro-
visions of LNRF method, a numerical weight of 0 was given
for a value <0.67, showing low susceptibility to landslide. A
weight of 1 was given to 0.67-1.33, representing moderate,
while a weight of 3 for LNRF value >1.33 showed high sus-
ceptibility. The values and weights were also filled in the at-
tribute table of each processed variable.

Table 2. LNRF value and weight classification (source:
Torkashvand et al., 2014; Gupta & Joshi, 1990)

LNRF value Weight Instability level
<0.67 0 Low

0.67-1.33 1 Moderate
>1.33 2 High
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Landslide susceptibility model in Cianjur Regency
was performed using ArcGIS Pro software. Modelling
was conducted by combining thematic maps and their
weights, according to the LNRF method calculation. The
combination was performed using the overlay method,
specifically Union tool. Subsequently, the numerical
weights of each variable were using the Calculate Field
tool in the attribute table to produce landslide suscep-
tibility index. The index was classified into susceptibility
classes, which were carried out using the Reclassify tool
and the Natural Breaks method (Saha et al., 2005). A to-
tal of 3 susceptibility classes were produced, comprising
low, moderate, and high.

2.5. Accuracy assessment

ROC (Receiver Operating Characteristic) Curve was the ac-
curacy test method in the graph form, which was used
to evaluate the performance of a classification system. It
could also be used to evaluate the accuracy of a prediction
model (Swets, 1988). Area under the ROC-Curve (AUC) was
used to measure the performance of a classification model
in distinguishing two conditions (Fawcett, 2006; Hanley &
McNeil, 1982). In this study, the classification model was
the level of landslide susceptibility of the LNRF model,
with 2 conditions measured through the ROC-Curve be-
ing accurate and inaccurate predictions of landslide inci-
dents. AUC was calculated by determining the area under
the ROC curve, where a greater value showed improved
performance (Swets, 1988). Specifically, the AUC value de-
termined how susceptibility model was created to classify
landslide presence or absence (Cantarino et al., 2019). The
ROC-Curve was used to test susceptibility level accuracy
in Cianjur Regency LNRF model using 30% of landslide
incidents used as data testing.

3. Results and discussion

3.1. LNRF value

In this study, the LNRF value referred to the area of the
existing landslide incident, which occurred in 2018-2023.
Moreover, the presence of wider landslide in a variable
class correlated with higher LNRF value. This contributed
to greater weight, which could be, interpreted as more
unstable slope or higher potential for landslide in an area
(Gupta & Joshi, 1990).

Slopes are considered to have a significant influence
on landslide in Cianjur Regency. Approximately 34.33%
of the regency’s total area, equivalent to 124804 hect-
ares, consists of terrain with relatively gentle slopes,
ranging from 16% to 30% (Figure 4a). Based on the
results, landslide occurred most frequently within this
slope range (LNRF value = 1.47), followed by areas with
steep slope at 31-70% (LNRF value = 4.12), respectively,
indicating high susceptibility. Landslide could be found
in the least amount in areas with slopes of 2-7% (LNRF
value = 0.05). Meanwhile, an elevation of 500-1500 masl|

or areas considered high hills (Zuidam, in Damayanti
et al., 2020) was considered to be conditions with high
instability, showing higher potential for landslide (LNRF
value = 5.55) compared to others. As seen in Figure 4b,
the area within that elevation range also covers the larg-
est expanse in Cianjur Regency.

Table 3. LNRF value of each variable

Land-
e | S| e | value |Veon| M
(Ha)
<2% 0.00 0 0 Low
2-7% 0.08 0.05 0 Low
8-15% 0.26 0.17 0 Low
Slope 16-30% 2.29 1.47 2 High
31-70% 6.40 412 2 High
71-140% 1.72 1.1 1 Moderate
>140% 0.12 0.08 0 Low
<50 masl 0 0 0 Low
50-100 masl 0 0 0 Low
Ele- 100-200 masl 0 0 0 Low
vation | 500500 masl 081 | 045 | 0 |Low
500-1500 masl 10.06 5.55 2 High
1500-3000 masl 0 0 0 Low
Topo- | Concave 372 1.28 1 Moderate
g:ff:_ic Flat 267 | 092 | 1 |Moderate
ture Convex 235 0.81 1 Moderate
Soil <5 5.76 1.59 2 High
v 510 499 | 138 | 1 |Moderate
index | 510 012 | 003 | 0 |Low
Stream <0 3.30 0.91 1 Moderate
power |0-2 4.39 1.21 1 Moderate
index
>2 3.19 0.88 1 Moderate
1000 m 0.69 1.09 2 High
2000 m 0.94 1.49 1 Moderate
3000 m 0 0 0 Low
Dis- | 4000 m 012 | 019 | 0 |Low
;fg;e 5000 m 0 0 0 [Low
fault 16000 m 066 | 105 | 1 |Moderate
7000 m 1.32 2.08 2 High
8000 m 1.56 247 2 High
9000 m 0.49 0.78 0 Low
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Continued Table 3
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Continued Table 3

Land- Land-
Vari- Class slide | LNRF Weight Instability Vari- Class slide | LNRF Weight Instability
able area | value level able area | value level
(Ha) (Ha)
10000 m 0 0 0 Low Lower part
of bentang 0 0 0 Low
>10000 m 1.18 1.86 2 High formation
Basal lava Young volcanic
flow of mount 0 0 0 Low rocks 0 0 0 Low
gegerbentang
Reef limestone 0 0 0 Low
Basaltic-
andesite lava 0 0 0 Low Tuffaceous 0 0 0 Low
flow sandstone
Youngest LAVA Breccia and
flow 0 0 0 |Low lava of mount 0 0 0 |Low
Kencana and
alluvial 0 0 0 |Low Mount Limo
Alluvium and 0 0 0 |Low Tuffaceous 065 | 048 | 0 |Low
coastal deposits breccia
Andesite 0 0 0 |[Low Cantayan 0 0 0 |Low
Horenblenda Old volcanic
andesite 0 0 0 |Low rock deposits 0 0 0 |Low
Breccia and
Pyroxene
azdesite 0.10 0.07 0 Low lava deposits of 0 0 0 Low
Mount Gede
Clay, marl, Pyroclastic
quartz . 1.04 0.76 1 Moderate
sandstone 0.03 0.02 0 Low deposits
Geolo- | member i
; Staircase and
?'Cal Limestone lake deposits 0 0 0 Low
orma- 5 0 0 0 |Low
tion member Old staircase
d . 0 0 0 Low
Sandstone eposits
member 0 0 0 Low
Bentang 039 | 029 | 0 |Low
formation
Sandstone-
silstone 0 0 0 |Low Beser formation | 0.01 0.01 0 |Low
member
Bojonglopang
Breccia member| 0 0 0 |Low formation 0 0 0 |Low
Breccia and Cimandiri
sandstone 0 0 0 |Low formation 0 0 0 |Low
member
Jampang
Kadupandak formation 0 0 0 Low
0 0 0 Low
member
Jatiluhur
Marl and quartz formation 0 0 0 Low
sandstone 0 0 0 Low
member Koleberes 428 | 315 | 2 |[High
formation ’ ’
Sindangkerta
member 0 0 0 Low Nyalindung 0 0 0 |Low
formation
Upper part
of bentang 0 0 0 |Low Lava 0 0 0 |Low
formation Andesite lava 0 0 0 Low




End of Table 3
Land-
Vari- Class slide | LNRF Weight Instability
able area value level
(Ha)
Lava and lahar
of mount 0 0 0 Low
Patuha
Mangerite 0 0 0 Low
Old volcanic 438 | 322 | 2 |High
products
Talus and
landslide 0 0 0 Low
deposits
Tufaan clay unit 0 0 0 Low
Vitrophyres 0 0 0 Low
M 1.607-3.807 0.60 0.28 0 Low
M 3.807-4.561 5.78 2.66 2 High
Earth- | 1 4561-5364 | 011 | 005 | 0 |Low
quake
M 5.364-6.507 0 0 0 Low
M 6.507-7.821 438 2.01 2 High
Alluvial 0 0 0 Low
Andosol 0.72 0.33 0 Low
Escarpment 0 0 0 Low
Gleisol 0.30 0.14 0 Low
Soil Cambisol 6.22 2.86 2 High
type Latosol 0 0 0 Low
Lithosol 0 0 0 Low
Mediterranean 0.79 0.36 0 Low
Podzolic 2.85 1.31 1 Moderate
Regosol 0 0 0 Low
Rice fields and
dry fields 0.90 0.41 0 Low
Forests and 692 | 317 | 2 |High
plantations
Land
cover | Shrubs and 306 | 140 | 1 |Moderate
vacant land
Built-up land 0 0 0 Low
Water bodies 0 0 0 Low
2900-3000 0 0 0 Low
Rainfall
>3000 10.88 2 2 High

Areas with cambisol soil were considered to have a
high potential for landslide (LNRF value = 2.86). Cambisol
cover the largest area in Cianjur Regency, indeed, this sail
type is found across a significant portion of the regency
(Figure 4g). Cambisol soil originated resulting from light

A. C. Rizky et al. Landslide susceptibility modelling in Cianjur Regency using landslide numerical risk factor

or moderate weathering of parent material, without a sig-
nificant amount of clay, organic matter, aluminum, and/
or iron compounds (Britannica, 2011b). Similarly, Chen
et al. (2010) stated that landslide could occur when the
percentage of clay in a type of soil was >2.5%. In com-
parison, other types of soil had fairly stable slopes and a
smaller chance of landslide. Cianjur Regency was found to
be dominated by more than 3000 mm/year annual rain-
fall (Figure 4f). Therefore, areas with rainfall of more than
3000 mm/year in this regency were considered to have a
high potential for landslide. This condition followed the
theory of determining landslide susceptible areas by the
Department of Public Works, Directorate General of Spatial
Planning (2007). The theory stated that areas with rainfall
of more than 2500 mm/year could become areas suscep-
tible to landslide.

Land cover in Cianjur Regency was found to be domi-
nated by forest and plantation (Figure 4h), where most
landslide occurred from 2018 to 2023. This phenomenon
led to the formation of forests and plantations being con-
sidered to have a high level of instability (LNRF value =
3.17). Land cover in the form of shrubs and empty land
was also considered less stable at a lower level, while veg-
etation, particularly trees acted as a slope retainer (Afriani,
2019). However, forests and plantations were mostly locat-
ed on steep slopes. A steeper slope correlated with greater
potential for slope instability due to the high volume and
speed of runoff, which increased transport energy (Abedini
& Tulabi, 2018; Arsyad, 1989).

Measurement of erosion strength by runoff water flow
was carried out through the Stream Power Index (SPI)
(Moore et al., 1991). When the map between the exist-
ing landslide and the SPI (Figure 4e) was combined, land-
slide in Cianjur Regency were evenly distributed across all
classes of SPI values. Therefore, all SPI classes were given
the same weight of 1, and a similar uniformity was ob-
served in the height variable. Thus, it can be interpreted
that regardless of the power or erosive force of runoff in
this regency, the potential for landslides tends to remain
the same, specifically, at a moderate level. The same ap-
plies to the aspect of topographic curvature comprising
concave, flat, and convex (Figure 4c), the results showed
that there was the same level of landslide potential across
all conditions. This occurred occasionally because concave
curvature tended to have a higher landslide potential than
others due to the possibility of saturated soil conditions
(Ayalew et al., 2004).

Based on soil wetness condition variable assessed
using the Topographic Wetness Index (TWI), areas with
TWI <5 had an LNRF value = 1.59, showing a high level of
instability. This showed that areas with TWI <5, character-
ized by “dry” or unsaturated soil, had a higher potential
for landslide compared to others. Areas with such condi-
tions account for the largest percentage in Cianjur Regen-
cy compared to areas with other TWI values (Figure 4d).
Along with the increase in the TWI value, which showed
highly saturated soil conditions, LNRF value decreased
indicating a reduction in the potential for landslide. This
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showed that the function of TWI method was to determine
the zone spatial distribution serving as the source of the
emergence of runoff influencing landslide (Wilson & Gal-
lant, 2000).

In geological variables, landslide in Cianjur Regency
between 2018-2023 were mostly found in areas composed
of the Koleberes Formation (LNRF value = 3.15) and Old
Volcanic Products (LNRF value = 3.22). Areas with these
geological formations were considered to have higher slope
instability than others. The Kaliberes Formation is the geo-
logical formation with the third-largest area of accumula-
tion in Cianjur Regency, following the Bentang Formation
(Tmpb) and the Mount Gede Breccia and Lahar Deposits
(Qyg) (Figure 4k). The Koleberes Formation was composed
of sedimentary and volcanic rocks, which were part of vol-
canic rocks, comprising tuff sandstone, and are less dense
(Wahyuni & Sukiyah, 2023; Agustin & Bronto, 2019). Old
Volcanic Products (Qob) in Cianjur Regency consist of brec-
cia, lava, and lahar, composed of andesite and basalt. How-
ever, Old Volcanic Products (Qot) consisted of pyroxene

115

andesite breccia and andesite lava (Sudjatmiko, 2003).
These formations were materials from volcanic eruptions
that had been cooling for millions of years.

Based on geological structure, Cianjur Regency was
traversed by several faults/fractures (Figure 4j). Previous
studies have shown that the closer an area is to the geo-
logical structure, the greater the potential for landslide
(Saha et al.,, 2005; Erener & Duzgin, 2010; Torkashvand
et al, 2014; Patil & Panhalkar; 2023). At a distance of
0-1000 m from the fault, this regency had a high level of
instability. At 1000-2000 m, the instability decreased to a
moderate level, and at 3000-5000 m, there was low insta-
bility. At a distance of 0-5000 m, closer fault correlated
with more instability, thereby increasing the potential for
landslide. However, high LNRF values were found in areas
further from the fault.

In relation to faults as geological structures, seismic
activity, particularly earthquakes, was also considered to
influence landslide in Cianjur Regency. Table 3 showed
that landslide often occurred in areas included in the
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Figure 4. Physical condition map of Cianjur Regency: a) Slope; b) Elevation; c) Curvature; d) Topographic Wetness Index (TWI);
e) SPI; f) Rainfall; g) Soil type; h) Land cover; i) Earthquake; j) Distance from faults; k) Geology formation

earthquake zone with a strength of M 3.808-4.561 (LNRF
value = 2.66) and 6.508-7.821 (LNRF value = 2.01). There-
fore, the two areas with these characteristics had the great-
est potential for landslide compared to areas included in
zones with other magnitudes.

3.2. Landslide susceptibility model

Based on landslide susceptibility map, the southeastern
part of Cianjur Regency showed high susceptibility. This
area was predominantly covered by forests and planta-
tions, where land cover in the vegetation form showed
potential to be a slope retainer. However, in these areas,
the slopes tended to be steep with larger and faster
surface flows contributing to transport energy (Arsyad,
1989). Additionally, land cover in the form of rice fields
was common in the northern and southeastern parts.

Rice fields on fairly steep slopes could trigger landslide
because the soil was saturated (Volcanology and Geo-
logical Hazard Mitigation Center, 2003). The types of
soil often found in the southeastern part of Cianjur Re-
gency were Kambisol and Mediterranean. In the south-
east, conditions tended to be steep, and the Cambisol
soil conditions in areas with steep slopes were thin lead
(Dharmawan et al,, 2021; Tufaila & Alam, 2014). Mean-
while, Mediterranean soil was from the weathering of
alkaline sedimentary rocks and limestone (Syarif et al.,
2018). Based on the USDA Soil Taxonomy classification,
Mediterranean soil was included in the Alfisol order,
which tended to have a low humus content (Britannica,
2011a). The low humus content caused the soil structure
to become fragile. The physical conditions in the south-
eastern part of Cianjur Regency caused the southeastern
part to have a high potential for landslide.



Geodesy and Cartography, 2026, 52(3), 109-120

The northern part of Cianjur Regency was dominated
by areas with a high level of landslide susceptibility. The
condition of land cover in the high landslide prone area
was the same as in the southeast, which was dominated by
forests, plantations as well as rice, and dry fields. The slope
conditions were also similar to those in the southeastern
area but tended to be gentler. The dominant soil type in
the area was also almost the same as the southeast part,
namely Mediterranean soil. In this northern area, a fault
or fracture could be found, namely the Cugenang Fault.
This active fault was one of the causes of high suscepti-
bility, triggering rock cracking (Abedini & Tulabi, 2018).
Additionally, the activity of Cugenang Fault caused an
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Figure 5. Landslide susceptibility map of Cianjur Regency

117

earthquake in Cianjur Regency in 2022, followed by land-
slide in the area. The disaster led to the northern region
being classified as a zone with a fairly large earthquake
strength, namely M 6.508-7.821 (Figure 4i). This was be-
cause earthquake with a greater strength would suddenly
release large amounts of energy to trigger ground cracks
(Highland & Bobrowsky, 2008; Sonker et al., 2022).

Based on the cross-section of Cianjur Regency, areas
with high landslide susceptibility tend to be in the pla-
teau to hills (Figure 6). Regarding LNRF value, the eleva-
tion class of 500-1500 masl was considered to have a
high level of instability. This was in line with susceptibility
conditions shown in the cross-section of Cianjur Regency.
From cross-section presented in Figure 6, areas at an el-
evation of 0-500 masl had a low to moderate level of sus-
ceptibility. Cross-section line A-B was a pseudo line drawn
from the north to the south of Cianjur Regency, while line
C-D was a pseudo line drawn from the southeast to the
south (Figure 5). The cross-section of lines A — B showed
that areas with a high level of landslide susceptibility were
at an elevation of 500-1500 masl. However, not all areas
at this elevation had a high level of landslide susceptibil-
ity. The conditions observed in lines C-D were similar but
showed slight differences. Areas located at an elevation of
500-1500 masl tended to have a high susceptibility level,
but a small part of the area had moderate level.

Regarding landslide susceptibility areas, most of Cianjur
Regency had moderate and high levels (Figure 7). Approxi-
mately 46% covering 164.533 ha was classified as having
high susceptibility. Meanwhile, areas with moderate and low
levels were found, covering 40% and 49,803 ha (14%), re-
spectively. Based on comparison with other areas, there was
no landslide found in areas with low susceptibility. Areas
with high susceptibility had the largest existing landslide,
with a percentage reaching 94% of the total area. Mean-
while, landslide found in low susceptibility areas were only
6% of the total area of existing incidents.
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3.3. Model accuracy

Landslide susceptibility model of Cianjur Regency created
using the LNRF method had an AUC value of 0.845, as
shown in Figure 8. According to Trifonova et al. (2013), this
value showed that model obtained was good and could be
used as landslide susceptibility map for Cianjur Regency.
The results also showed that the LNRF method was suit-
able for modeling landslide susceptibility for Cianjur Re-
gency area. The AUC value was higher when compared to
the value produced by Patil and Panhalkar (2023). There-
fore, landslide susceptibility model of Cianjur Regency cre-
ated using the LNRF method had slightly better accuracy.
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Figure 8. Results of landslide susceptibility model accuracy
test with ROC-Curve

4. Conclusions

In conclusion, this study investigated the development of
landslide susceptibility model using variables in the form
of physical factors. These included height, slope, topo-
graphic curvature, soil wetness, water flow strength, soil
type, land cover, rainfall, geological formation, distance
from faults, and earthquakes. By calculating LNRF value,
these variables showed their contributions to the occur-
rence of landslide but at different levels, namely high,
moderate, and low. The model was considered accurate

enough to be used as landslide susceptibility model. Ad-
ditionally, it showed that most areas in Cianjur Regency
had moderate and high levels, and only a small part had
low level of landslide susceptibility.
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