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Abstract

Landslides are a persistent geological hazard, especially in seismically active and high-rainfall regions such us
Lombok Island, Indonesia. This study addresses landslide susceptibility in Sembalun Bumbung Village, located
within the Rinjani Area, by integrating ground displacement monitoring with multi-parameter spatial analysis.
Advanced image processing techniques were applied to Sentinel-1A Interferometric Synthetic Aperture Radar
(InSAR) data, specifically processed using Differential Interferometric Synthetic Aperture Radar (DInSAR) technique,
to observe and quantify annual ground displacement from 2019 to 2024. Simultaneously, a landslide susceptibility
map was developed through the analysis of five key environmental parameters: rainfall, rock type, slope gradient,
land cover, and soil type; each weighted and scored based on their empirical contributions to landslide risk. The
DInSAR analysis revealed annual ground displacement values ranging from 0.030 to 0.105 meters, with the highest
rates detected at points T6 and T7 in Benyer Hamlet. The resulting landslide susceptibility map categorized areas into
five susceptibility levels (very low, low, moderate, high, and very high). Notably, points exhibiting a very high
susceptibility (e.g., T1 in Bebante Daya Hamlet, T2 in Jorong Utara Hamlet, as well as T6 and T7 in Benyer Hamlet)
consistently correlated with the highest annual displacement values observed from the DINSAR analysis. This
integrated approach offers a solid basis for targeted mitigation strategies, including enhanced monitoring, risk
communication, land-use planning, and potential early warning systems.
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Introduction

The Sentinel-1A satellite, launched in 2014 as part of the European Union’s Copernicus Earth observation programme
and operated by the European Space Agency (ESA), provides continuous Earth observation through its C-band Synthetic
Aperture Radar (SAR) sensor. This technology enables Differential Interferometric SAR (DInSAR), capable of accurately
detecting ground displacement with millimeter-level precision (Wang et al., 2020). Sentinel-1A data have proven highly
effective for identifying subtle deformations that may signal early-stage landslide activity (Intrieri et al., 2018; Liu et al.,
2025).

Lombok Island, part of Indonesia's Lesser Sunda Islands, is a geologically active region laying on the confluence of
three tectonic plates (Zubaidah et al., 2014). It is classified as an area with moderate to high seismic activity
(Agustawijaya et al., 2018). The 2018 Lombok earthquakes, for example, triggered over 10,000 landslides, particularly on
steep slopes within the Rinjani area (Ang et al.,, 2024). Geodetic surveys have indicated significant deformation on
Lombok Island, reflected in northeastward horizontal shifts (6.65-22.76 mm/year) and vertical uplift (2.40-559.86
mm/year), based on GPS data (Sulaeman & Minarno, 2019).

Sembalun Bumbung Village, a highland area within the Rinjani region (Soetoyo, 2008), is highly susceptible to
landslides due to its steep slopes and high annual rainfall. This risk is compounded by rapid development of villas and
commercial facilities on hillsides often without adequate consideration for disaster mitigation. These factors highlight the
urgent need for accurate and efficient landslide monitoring and hazard assessment methods, which can be effectively
addressed through advanced satellite image processing techniques.

This study focuses on applying DINSAR image processing techniques using Sentinel-1A data to monitor ground
displacement in Sembalun Bumbung Village. Furthermore, this research integrates additional geospatial data, including
soil type, rock type, land cover, and slope gradient (in Shapefile format). Rainfall analysis is also conducted using spatial
data from Rainfall Estimates from Rain Gauge and Satellite Observations (CHIRPS). All image processing and spatial
data integration use open-source software, namely QGIS 3.32 for geospatial analysis and SNAP 9.0.0 for processing
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Sentinel-1A data.

The goal is to produce a landslide susceptibility map using a weighted scoring method. This map, along with the
displacement data generated from Sentinel-1A image processing, will then be analyzed to identify landslide-prone areas.
By leveraging satellite technology and advanced image processing, this research aims to support early landslide
detection and safer land-use planning in Sembalun Bumbung Village, helping to minimize potential material losses,
infrastructure damage, and casualties.

Materials and Methods

a. Data Acquisition

Figure 1a. Study Area Figure 1b. Survey Points

Table 1. Coordinates and Elevations of Survey Points

Survey Point Latitude (DD) Longitude (DD) Elevation (masl) Location
T1 -8.39223 116.53353 1332.7 Bebante Daya Hamlet
T2 -8.38601 116.53553 1248.4 Jorong Utara Hamlet
T3 -8.37225 116.52635 1220.8 Jorong Tengah Hamlet
T4 -8.37360 116.52961 1183.2 Jorong Tengah Hamlet
T5 -8.37934 116.53309 1215.7 Jorong Tengah Hamlet
T6 -8.39915 116.53979 1155.1 Benyer Hamlet
17 -8.40106 116.53964 1318.6 Benyer Hamlet
T8 -8.40972 116.53523 1333.6 Benyer Hamlet
T9 -8.41304 116.53563 15425 Benyer Hamlet
T10 -8.41454 116.53705 1675.3 Benyer Hamlet

The primary data for ground displacement analysis consisted of Sentinel-1A descending orbit imagery acquired
between 2019 and 2024 from the Copernicus Open Access Hub (https://dataspace.copernicus.eu/). Specifically, Level-1
Single Look Complex (SLC) products were utilized due to their preservation of phase information, critical for high-
resolution interferometric analysis. The imagery selected was acquired from a descending track (Relative Orbit Number
175) using the Interferometric Wide Swath (IW) acquisition mode, which provides broad area coverage. The dual-
polarization configuration VV-VH was chosen, with VV polarization (vertical transmission and vertical reception)
serving as the primary focus due to its strong response to hard surfaces like soil and buildings, making it ideal for
monitoring ground deformation (Yagtie-Mart\"\inez et al., 2016). VH polarization provided complementary data, being
more sensitive to vegetation (Hasibuan et al., 2021).

Additionally, the SRTM 1 Arc-Second Global (30m) Digital Elevation Model (DEM), automatically downloaded
through the SNAP application, was used for topographic phase removal and geocoding (Daud et al., 2025). Thematic
maps (geology, soil type, land cover, slope) and rainfall data served as parameters for the landslide susceptibility
mapping component of this study (Yassar et al., 2020).

b. Sentinel-1A DInSAR Processing
Data processing was performed using open-source software, specifically SNAP 9.0.0 for SAR data processing and
QGIS 3.32 for subsequent geospatial analysis (Occhipinti et al., 2023). The SAR data processing techniques in this
research were based on a combination of methods outlined in the Sentinel-1A Toolbox (Veci, 2015) and a technical guide
for DInSAR technology in ground deformation analysis using SNAP (Medvedskyi, 2021). The image processing was
executed through several sequential stages, specifically optimized for DINSAR application, as described below:
1. Data Acquisition & Pre-processing: Initial steps involved selecting Sentinel-1A SLC images and performing TOPS
Split to isolate the relevant sub-swath, Apply Orbit File (to incorporate precise orbit information), and Thermal
Noise Removal to suppress thermal noise.
2. Coregistration: This crucial step involves precisely aligning the master and slave SAR images at a sub-pixel level
to ensure accurate interferogram formation. It includes Back-Geocoding using the SRTM 1 Arc-Second Global
DEM and Enhanced Spectral Diversity, which is particularly vital for IW mode data to mitigate misregistration
issues between bursts.
3. Interferogram Generation: An interferogram is formed by computing the phase difference between the
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coregistered master and slave SAR images. This raw interferogram contains phase contributions from topography,
deformation, atmospheric delays, and noise.

4. Debursting & Topographic Phase Removal: Debursting merged individual burst images from the IW mode into a
single image. Subsequently, Topographic Phase Removal eliminated the phase component attributed to terrain
topography using the SRTM 1 Arc-Second Global DEM, leaving primarily the deformation phase.

5.  Filtering & Phase Unwrapping;:

a) Multilooking was performed to reduce speckle noise and achieve a more balanced resolution between range
and azimuth.

b) The Goldstein Phase Filter was then applied to further smooth the interferogram and enhance the signal-to-
noise ratio, improving the quality of the phase.

c) The filtered interferogram was then exported to SNAPHU (Statistical-Cost Network Flow Algorithm for
Phase Unwrapping) for phase unwrapping. SNAPHU is a robust algorithm chosen for its ability to
transform the wrapped phase (which is ambiguous beyond 2pi) into a continuous, unwrapped phase,
representing the true ground deformation. It is preferred for its reliability in handling complex
interferograms over various terrains.

6. Phase to Displacement Conversion (Line of Sight - LOS): The unwrapped phase (4¢) was then converted into
ground displacement (D) along the satellite's Line of Sight (LOS) using the following fundamental principle:

24
p=222 M
Where 1 is the radar wavelength of Sentinel-1A (C-band, approx. 0.055 m), and 4¢ is the unwrapped phase
difference. This conversion provides the magnitude of ground movement in satellite direction.

7. Geocoding & Spatial Analysis: The LOS displacement results were then Geocoded (projected onto WGS84/UTM
Zone 50S) using the SRTM 1 Arc-Second Global DEM to obtain real-world coordinates. This allowed for
subsequent spatial analysis and integration with other geospatial data in QGIS. Geocoding involved creating a
stack (combining and aligning SAR products) and applying Range-Doppler Terrain Correction (geometric
correction using DEM). Additionally, a Land/Sea Mask Operator was used to mask out water bodies, ensuring
focus on land areas for deformation analysis.

8. Data Export and Result Validation: The final displacement maps were exported for further analysis. Validation of
the results was performed by comparing the derived displacement patterns with historical landslide records,
known ground deformation areas, and visual inspection of topographic features in the study area.

c¢. Landslide Susceptibility Mapping Methodology
The scoring and weighting classification for each environmental parameter used in this study, based on predefined
magnitude ranges and categories, is presented in Table 2.

Table 2. Scoring and Weighted Classification of Landslide Parameters
Parameter Magnitude Score  Weight
>3000 5
2501-3000
Rainfall (FCH) (mm/year) 2001-2500
1500-2000
<1500
Volcanic rock
Rock Type/Geology (FBD) Sedimentary rock
Alluvial rock
>45%
30-45%
Slope Gradient (FKL) 15-30%
8-15%
<8%
Open land, paddy field
Shrubland
Land Cover (FPL) Forest and plantation
City/settlement/airport
Ponds, reservoirs, water bodies
Regosol, Litosol, Organosol
Andosol, Laterite, Grumosol
Soil Type (FJT) Brown Forest soil, Mediterranean
Latosol
Alluvial, Planosol, Hydromorphic
Source: Puslittanak, 2004 in (Yulianto & Cholil, 2024).
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Landslide susceptibility mapping in this study followed a weighted overlay approach, consistent with
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methodologies established by Puslittanak (Center for Soil and Agroclimate Research) and others (Yassar et al., 2020). Key
environmental parameters considered for landslide susceptibility include thematic maps of rainfall, slope gradient, rock
type/ geology, soil type, and land cover (Hasibuan et al., 2024). The susceptibility level was determined based on a total
score calculated using the following formula:

Total Score = 0.3FCH + 0.2FBD + 0.2FKL + 0.2FPL + 0.1FJT 3)

Where: FCH = rainfall; FBD = rock type; FKL = slope gradient; FPL = land cover; and FJT = soil type.

The coefficients (0.3, 0.2, 0.2, 0.2, and 0.1) represent the assigned weight values for each parameter, indicating their
relative influence on landslide potential. Rainfall is assigned to the highest weight (30%), followed by geology, slope
gradient, and land cover (20% each), and soil type (10%). For each parameter, an average score is calculated based on its
specific range or category, which is then multiplied by its corresponding weight (Jannah et al., 2024).

In this study, individual thematic layers for each environmental parameter were generated and analyzed using a
weighted overlay mechanism in QGIS 3.32. The resulting landslide susceptibility map classifies areas into different
vulnerability levels, enabling the identification of highly landslide-prone zones. To enhance the reliability of the hazard
assessment, the ground displacement data derived from Sentinel-1A DInSAR image processing was incorporated into
the analysis to validate and cross-examine these spatial vulnerability levels.

Results and Discussion
a. Sentinel-1A Image Processing Results

Sentinel-1A image data were processed to analyze ground surface displacement within the study area. This analysis
utilized 20 image pairs, acquired between August 2019 and August 2024, with an average temporal interval of 91 days.
This relatively short interval between image acquisitions was chosen to maintain high coherence values during
interferogram formation, which is crucial for accurate displacement measurements.

The generated interferograms displayed variations in the radar wave phase, directly reflecting ground surface
displacement. To derive precise deformation data, topographic phase correction and phase unwrapping procedures
were applied. The unwrapped phase data revealed continuous spatial variations, which were then transformed into
displacement values, expressed in meters. This transformation was performed using the BandMath module in SNAP
software, calculating the average displacement over 91-day intervals and extrapolating these to derive annual
displacement rates.

The analysis results, shown in Figure 2a, indicate that the average coherence value in the interferograms ranged
from 0.2 to 0.4, with a peak at 0.3. Meanwhile, low coherence values (typically 0.2-0.5) within interferogram data suggest
significant changes on the Earth's surface, such as those caused by earthquakes, land subsidence, or flooding.
Furthermore, Figure 2b illustrates that the study area experienced annual displacement variations ranging from -0.16 m
(indicating surface subsidence) to 0.23 m (indicating surface uplift). Notably, subsidence predominantly affects the
southern region, while uplift is mainly observed in the northern part of the area.

b. Ground Displacement Analysis at Survey Points

Ground displacement analysis using DInSAR provides crucial insights into the dynamic behavior of the research
area. Figure 3a illustrates the distribution of the ten representative survey points (T1 to T 10) across the study area. These
points were strategically chosen to cover the spatial extent within the research boundaries, indicated by the blurred
white area, which serves as a marker for the study area rather than showing deformation values as seen in Figure 3b. The
placement of these observation points facilitates the analysis of ground surface changes at various locations.

Figure 3b presents the annual displacement map of the research area, which is a clipped section from a broader
region (outlined by the black box on the right side). This clipping process was performed to focus the analysis on the
primary study site, allowing for a more detailed presentation of annual displacement values within the relevant area
without influence from the broader surrounding data. From each survey point, profile plot data were extracted to
identify patterns of ground surface change along specific survey lines, providing displacement values in meters.
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Figure 2a. Coherence Histogram of Interferogram Data Figure 2b. Phase to Displacement Conversion (meters)
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Figure 3a. Distribution of Survey Points in the Research Area
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Figure 4. Profile Plot Diagram

Observed displacement values varied across the ten survey points (Figure 4). T1 shows ground movement ranging
from 0.0525 to 0.075 m, while T2 indicates a slightly higher displacement between 0.075 and 0.090 m. T3 records
movements from 0.050 to 0.080 m. Points T4 and T5 display relatively lower displacement values, ranging from 0.035 to
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0.052 m and 0.035 to 0.062 m, respectively. Notably, T6 and T7 exhibit higher displacement ranges of 0.080 to 0.105 m and
0.080 to 0.100 m, suggesting more pronounced ground movement in these locations. T8 and T9 show consistent
displacements, both falling within the 0.060 to 0.085 m range. Lastly, T10 records the lowest displacement values among
all points, from 0.032 to 0.057 m. These variations in displacement magnitudes across the survey points offer a detailed
spatial understanding of ground movement, highlighting areas of greater instability that will be further correlated with
the landslide susceptibility factors discussed previously.

Landslide susceptibility assessment is based on Table 3.

Table 3. Landslide Susceptibility Level Assessment

Ground Displacement Rainfall Slope Gradient

(cm/year) (mm/year) (m) Susceptibility Level
<0.001 <2,000 <50 Very low
0.001 - (<0.015) 2,000 - (<2,500) 50 - (<100) Low
0.016 - (<0.080) 2,500 - (<3,000) 100 - (<200) Moderate
0.081 - (<0.256) 3,000 - (<3,500) 200 - (<500) High
>0.256 > 3,500 =500 Very high

Source: (Puslittanak in (Ckhotimah et al., 2020))

Based on Table 3 and the graph values in Figure 4 (Profile Plot), T6 and T7, located in Benyer Hamlet, exhibit a high
susceptibility level. T6 shows displacement values ranging from 0.080 to 0.105 meters, which is equivalent to 8 to 10.5 cm
per year. T7 displays varying displacement values in the range of 0.080 to 0.100 meters, equivalent to 8 to 10 cm per year.
Both fall into "High" susceptibility category as their displacement exceeds 0.081 cm per year. Data within this range
indicate active ground displacement dynamics in these locations. Meanwhile, the other points are generally categorized
at a moderate susceptibility level with displacement values ranging from 0.015 to 0.081 meters. Although categorized as
moderate, these points require attention due to the fluctuating patterns observed along the survey lines, suggesting
active change dynamics that could indicate alterations in soil characteristics or environmental conditions.

c¢. Landslide Hazard Factor Analysis

This landslide hazard factor analysis seeks to spatially identify and evaluate the influence of key contributing
factors-rainfall, geology, slope gradient, land cover, and soil type— on landslide potential for in the study area. This
subsection presents maps and interpretations for each parameter, explaining how their assigned scores and weights (as
detailed in Table 2) contribute to understanding the level of influence of each factor.

1. Rainfall

Figure 5 shows the rainfall distribution map of the Lombok Island region, classified into five categories: very dry,
dry, moderate, wet, and very wet, based on annual rainfall intensity. The main map displays the rainfall distribution
across Lombok Island, while the smaller inset image within the red box highlights the specific research location.

Figure 5. Rainfall Distribution Map of Lombok Island and the Research Area
(Source: https:/ /www.chc.ucsb.edu/data/chirps/)

Based on data processing results, the research location falls into the rainfall class of >3000 mm/year, categorized as
"very wet" according to Table 2. This rainfall class is assigned a score of 5 with a weight of 0.3, resulting in a rainfall
factor (FCH) of 1.5 (Table 4). This analysis indicates the research area is situated in a region with very high rainfall
intensity, making this condition a significant parameter in determining landslide susceptibility. High rainfall can
increase pore water pressure in the soil and reduce slope stability, thereby triggering landslides (Sulistiyono et al., 2023).
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Table 4. Rainfall Classification of Sembalun Bumbung Village
Rainfall Class Rainfall Score Weight FCH
>3000 5 0.3 15

2. Rock Type

Figure 6 presents the rock type distribution map of Lombok Island and the research area. The geological structure of
Lombok Island is divided into two main zones with different formation ages: the southern region consists of older
formations, and the northern region formed from younger formations (Zubaidah et al., 2010).

Rock Formations In the Research Asea

7

9

) it}

Figure 6. Rock Type Distribution Map of Lombok Island and the Research Area
(Source: Regional Geological Map of Lombok Sheet (https://www.indonesia-geospasial.com/))

The rock formation map (Figure 6) of the research location shows the area is dominated by young volcanic rock
types. This is also verified using the regional geological map of Lombok Island published by the Geological Agency.
Based on this, the research area is located within the young volcanic rock zone resulting from Mount Rinjani's activity.
Due to its unconsolidated nature, this rock is easily weathered and prone to movement, thus increasing the potential for
landslides. According to Table 2, young volcanic rock is assigned a score of 3 with a weight of 0.2, resulting in a rock
type factor (FBD) of 0.6 (Table 5).

Table 5. Rock Type of the Research Area
Formation Score Weight FBD
Young Volcanic Rock 3 02 06

3. Slope Gradient

Figure 7 illustrates the distribution of slope gradients across Lombok Island, with the red box delineating the
research area. For more specific information, the research area is enlarged and displayed in a smaller box in the upper
right corner. Colors ranging from white to blackish-red indicate slope gradient classes from flat to very steep.

Slope Gradient of the Research Area

N

9 9 18 27 km

Figure 7. Slope Gradient Distribution Map of Lombok Island and the Research Area
(Source: https:/ /www.indonesia-geospasial.com/)

Based on the data processing results and the classification system in Table 2, the dominant slope gradient categories
within the research area are presented in Table 6. For example, the very steep (>45%) category, which has a significant

22


https://www.indonesia-geospasial.com/)
https://www.indonesia-geospasial.com/

Journal of Renewable Energy, Electrical, and Computer Engineering, 6 (1) (2026) 16-27

influence on landslide susceptibility, is assigned a score of 5 with a weight of 0.2, resulting in a slope gradient factor
(FKL) of 1.0. Similarly, the gently steep (15-25%) category receives a score of 3 with a weight of 0.2, yielding an FKL of
0.6. The presence of varied slope gradients, particularly the steeper categories, directly contributes to the area's
susceptibility to landslides.

Table 6. Slope Gradient Classes in the Research Area
Slope Class Slope (%) Score Weight FKL
Gently steep  15-25 3 02 06

Steep 25-45 4 02 08
Flat 0-8 1 02 02
Gentle 8-15 2 02 04
Very steep >45 5 02 1.0

4. Land Cover

Figure 8 displays the land cover types in the research area, derived from the analysis of 2021 land cover data using
GIS applications. The main map illustrates the distribution of land cover across the research area, with a smaller inset
box in the upper right corner showing the position of the research location within a broader regional context.

] and Cover Types in the Rescarch Area

B 1and Cover Types:

Figure 8. Land Cover Type Map of Lombok Island and the Research Area
(Source: https:/ /www.indonesia-geospasial.com/)

As detailed in Table 7, the land cover types identified within the research area include shrubland, paddy fields,
settlements, secondary dryland forest, dryland agriculture, mixed dryland agriculture, and savanna or grassland. Each
land cover type is assigned a score and weight based on its influence on landslide susceptibility, as outlined in Table 2.
For instance, dryland agriculture and paddy fields, which significantly contribute to susceptibility, receive a score of 5
with a weight of 0.2, resulting in a land cover factor (FPL) of 1.0. Conversely, the settlement category has a score of 2
with a weight of 0.2, yielding an FPL value of 0.4.

Table 7. Land Cover Types in the Research Area
Land Cover Type Score Weight FPL

Settlement 2 02 04
Secondary Dryland Forest 3 02 06
Shrubland 4 02 08
Savanna / Grassland 4 02 08
Dryland Agriculture 5 02 1.0
Mixed Dryland Agriculture 5 02 1.0
Paddy Field 5 02 1.0

5. Soil Type

The map in Figure 9 shows the distribution of soil types in the Lombok Island region according to the Food and
Agriculture Organization Soil (FAO Soil) classification. The main map illustrates the distribution of various soil types,
while the area enclosed in the red box marks the research location. For more specific details, the research area is enlarged
and displayed in a smaller inset box in the upper right corner.
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Figure 9. Soil Type Distribution Map of Lombok Island and the Research Area
(Source: https:/ /www.indonesia-geospasial.com/)

Based on the data processing results and the classification in Table 2, the predominant soil type in the research area
is Mollic Andosols, locally known as Andosol. This soil type is identified with FAOSOIL code Tm23-2c and DOMSOI
Tm. It's assigned a score of 4 with a weight of 0.1, resulting in a soil type factor (FJT) of 0.4 (Table 8). Information
regarding this soil type is a crucial parameter used in calculating the landslide susceptibility level, complementing the
analysis along with other parameters such as rainfall, slope gradient, geology, and land cover.

Table 8. Soil Type of the Research Area
Soil Type  Soil Score Soil Weight FJT
Mollic Andosols 4 0.1 0.4

d. Landslide Susceptibility Map

In the landslide susceptibility analysis, each parameter used, such as rainfall, slope gradient, land cover, soil type,
and rock type, was assigned a score and weight according to predefined criteria. The scoring process was carried out by
referring to the scoring and weighting table (Table 2). The summation of the FCH, FBD, FKL, FPL, and FJT values using
equations (1) and (2) yielded a total score for each location in the attribute table. The calculation results are presented in
Table 9.

Based on the total scores obtained, the hazard class intervals were calculated using equation (1) to classify the
research area into five susceptibility levels: very low, low, moderate, high, and very high. This classification was used to
map landslide susceptibility levels in the research area, providing comprehensive information on the distribution of
landslide risk based on the influencing parameters. The results of the class interval calculation are presented in Table 9,
with the highest total score being 4.5, the lowest total score being 3.1, and the number of classes being 5. The results of
the class interval calculation are presented in Table 10.

4.5-3.1

Interval class = = 0,28 (1)

Table 9. Summation Results of Each Parameter Factor in the Attribute Table
No.Polygon FCH FBD FKL FPL FJT Total Score

0 1.5 06 02 04 0.4 3.1
1 1.5 06 02 06 0.4 3.3
2 1.5 06 04 04 0.4 3.3
3 1.5 06 02 08 0.4 3.5
4 1.5 06 04 06 0.4 3.5
5 1.5 06 06 04 0.4 3.5
6 1.5 06 02 10 0.4 3.7
7 1.5 06 04 08 0.4 3.7
8 1.5 06 04 10 0.4 3.9
9 1.5 06 06 06 0.4 3.7
10 1.5 06 06 08 0.4 3.9
11 1.5 06 08 04 0.4 3.7
12 1.5 06 08 06 0.4 3.9
13 1.5 06 06 10 0.4 41
14 1.5 06 08 08 0.4 41
15 1.5 06 10 06 0.4 41
16 1.5 06 08 1.0 0.4 43
17 1.5 06 10 08 0.4 4.3
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18 1.5 06 10 1.0 0.4 4.5

Table 10. Class Intervals

Class Total Score Description
1 3.10 < Score < 3.38 Very Low
2 3.38 < Score < 3.66 Low
3 3.66 < Score < 3.94 Moderate
4 3.94 < Score <4.22 High
5 4.22 < Score < 4.50 Very High

From the processing and calculation results, a landslide susceptibility map with five hazard classes distinguished by
color was obtained, as shown in Figure 10.
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Figure 10. Landslide Susceptibility Map of the Research Area

The landslide susceptibility map presented in Figure 10 illustrates the landslide susceptibility levels in the research
location based on five main parameters: rainfall, rock type, slope gradient, land cover, and soil type. The susceptibility
levels in the research area are classified into five categories: very low, low, moderate, high, and very high.

Very low susceptibility areas (dark green), with scores between 3.10 and less than 3.38, are generally
characterized by moderate rainfall, stable soils, gentle slopes, and land cover such as paddy fields or
settlements, all contributing to minimal landslide risk.

Low susceptibility zones (light green), scoring between 3.38 and less than 3.66, typically feature moderately
steep slopes and relatively stable land cover like secondary dryland forest.

Moderate susceptibility areas (yellow), with scores from 3.66 to less than 3.94, are marked by steep slopes and
land cover types such as shrubland or mixed dryland agriculture.

High susceptibility zones (pink), scoring between 3.94 and less than 4.22, exhibit significant landslide risk due
to very steep slopes combined with less stable land cover like savanna or grassland.

Very high susceptibility areas (dark red), scoring between 4.22 and 4.50, are influenced by extreme slope
gradients, susceptible soils, and unstable land cover such as mixed dryland agriculture or shrubland. These
zones are often underlain by young volcanic rock, which weathers easily, further increasing landslide potential.

e. Conditions at Survey Points

The landslide susceptibility map (Figure 10) reflects the combined influence of various parameters on the
susceptibility level at survey points T1 to T10. This analysis integrates the map's results with the annual displacement
values derived from the profile plots in Figure 4.
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a) T1 and T2 are classified as very high susceptibility (score 4.3), with dominant factors including high rainfall,
Mollic Andosols soil, moderately steep slopes, mixed dryland agriculture, and young volcanic rock. Annual
displacement ranges from 0.060 to 0.070 meters, consistent with a high risk of ground movement.

b) T3 and T5 fall into the high susceptibility category (score 4.1). Both have steep slopes, mixed dryland
agriculture, and young volcanic rock. Displacement at T3 ranges from 0.055 to 0.067 meters, while T5 shows
0.035 to 0.062 meters, highlighting variability within the same susceptibility class.

c) T4 is categorized as moderate susceptibility (score 3.7), influenced by gentle slopes, shrubland cover, Mollic
Andosols soil, high rainfall, and young volcanic rock. Displacement ranges from 0.030 to 0.060 meters,
indicating relatively stable conditions.

d) Té6 and T7 again show very high susceptibility (score 4.3), with factors similar to T1 and T2. Annual
displacement at T6 ranges from 0.080 to 0.105 meters, and at T7 from 0.080 to 0.100 meters, signaling active
ground movement and elevated landslide risk.

e) T8, T9, and T10 are classified as high susceptibility (score 4.1). T8 features a very steep slope and secondary
dryland forest, while T9 and T10 have moderately steep slopes with shrubland cover. All three points are
underlain by young volcanic rock and receive high rainfall. Displacement ranges from 0.032 to 0.085 meters at
T8 and are similar at T9 and T10.

Overall, the annual displacement values from the profile plots (Figure 5) demonstrate a close relationship with the
landslide susceptibility levels derived from the map. Points with very high susceptibility exhibit large displacement
values, reflecting the potential for active ground movement. Conversely, points with moderate susceptibility show
smaller displacement values, indicating more stable ground conditions. The integration of landslide susceptibility map
results and profile plot values provide a robust scientific foundation for decision-making in landslide mitigation efforts
and spatial planning strategies within the study area.

Conclusions

Based on the analysis, monitoring ground displacement in Sembalun Bumbung Village from 2019 to 2024 using Sentinel-
1A Interferometric SAR technology with the DInSAR technique successfully detected annual displacements ranging
from 0.030 to 0.105 meters, with the highest displacement activity observed at points T6 and T7. The landslide
susceptibility map, integrating five key parameters (rainfall, soil type, slope gradient, land cover, and rock type) with
displacement data from DINSAR, showed varying susceptibility levels across the research area. Notably, points T1, T2,
T6, and T7 were classified as very high susceptibility, consistent with the high annual displacement values. This
combined approach offers a scientific foundation for targeted disaster mitigation strategies in the research area. This
includes the identification of high-risk zones for more intensive monitoring, the development of educational materials
relevant to the susceptibility levels in the area, the consideration of landslide susceptibility aspects in spatial planning,
and the potential development of early warning systems based on ground movement parameters.
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