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Abstract 
Ground deformation and landslides are major geohazards affecting Jayapura City, Papua, due to its 

active tectonic setting and steep topography. This study aims to assess the correlation between surface 

deformation and landslide susceptibility using a combination of Interferometric Synthetic Aperture 

Radar (InSAR) and hypsometric analysis. Sentinel-1A SAR data from ascending and descending tracks, 

combined with DEMNAS elevation data, were used to detect deformation patterns and evaluate 

geomorphological maturity through hypsometric parameters. The results reveal significant deformation 

patterns, including subsidence up to –0.77 m and uplift up to +0.25 m, predominantly concentrated in 

sub-watersheds Sw2, Sw3, and Sw4. Hypsometric analysis indicates that most sub-watersheds are in 

the mature geomorphological stage (HI between 0.476 and 0.495), except Sw14, which is classified as 

young (HI = 0.501). Validation with the landslide inventory further confirms this correlation: 75% of 

documented landslides occurred in areas of high deformation, while 25% were associated with moderate 

deformation, and none in low or stable zones. These findings provide essential insights for disaster risk 

reduction, highlighting priority areas for slope stabilization, land-use management, and early warning 

systems. 
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Introduction 

Ground deformation and landslides are 

critical geotechnical and environmental 

hazards in regions with steep topography, 

high rainfall, and active tectonic processes. 

Jayapura City (Figure 1), one of the major 

urban centers in Papua, is located within a 

complex morphological zone featuring 

significant slope gradients and unstable 

geological conditions (Abrauw, 2017). 

Several major landslide events in the past 

decade have caused severe impacts on 

infrastructure, residential areas, and public 

safety. 

 

Conventional monitoring methods, such as 

field surveys and geological mapping, are 

limited in spatial coverage and frequency. 

The development of remote sensing, 

particularly Interferometric Synthetic 

Aperture Radar (InSAR), enables the 
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detection of ground deformation with high 

spatial and temporal resolution. The 

integration of InSAR and hypsometric 

integral (HI) provides an effective 

framework for assessing slope instability 

and tectonic activity. InSAR has been used 

for landslide detection and monitoring 

across diverse settings (Fan et al., 2024; 

Guvel et al., 2023; Sorkhabi et al., 2023; 

Mondini et al., 2019), with further 

applications in wide-area mapping, 

precursor recognition, hazard assessment, 

and probabilistic modeling (Ahmad et al., 

2024; Cai et al., 2023; Dai et al., 2022; Gao 

et al., 2025; Hu et al., 2025; Strząbała et al., 

2024). Additional studies highlight its role 

in risk reduction, multi-sensor integration, 

slope deformation monitoring, and high-

altitude environments (Bianchini et al., 

2021; Casagli et al., 2023; Dong et al., 

2025; Guo & Martínez-Graña, 2024; Lin et 

al., 2025; Novellino et al., 2021; Piroton et 

al., 2020; Yao et al., 2023; Yu et al., 2024; 

Zhang et al., 2024). In parallel, HI has 

proven valuable for linking tectonic activity 

and landslide susceptibility through basin 

morphology, DEM sensitivity, and 

hydrological influences (Arabameri et al., 

2019; Chatterjee et al., 2024; Diercks et al., 

2023; Gu et al., 2021; Gururani et al., 2023; 

Hang et al., 2025; Kothyari et al., 2024; Li 

et al., 2021; Liem et al., 2016; Makrari et 

al., 2022; Nikoonejad et al., 2015; Ntokos, 

2025; Othman et al., 2018; Patel et al., 

2024; Taloor et al., 2019; Zhang et al., 

2024). 

 

Although numerous studies have 

successfully applied InSAR and 

hypsometric analysis separately to assess 

ground deformation, slope instability, and 

tectonic activity in various regions 

worldwide, their combined application 

remains underexplored. This is particularly 

true in tropical, tectonically active regions 

with complex geomorphological settings 

such as Jayapura City, where integrating 

both approaches could significantly 

enhance the accuracy of landslide 

susceptibility assessment. 

 

Therefore, this study aims to assess ground 

deformation and landslide susceptibility in 

Jayapura City by combining InSAR and 

hypsometric analysis. The findings are 

expected to advance landslide hazard 

mapping methodologies and provide 

scientific support for disaster risk reduction 

and urban planning. 

 

 
Figure 1. The study area is in Jayapura City, Papua Province, Indonesia, within the coordinate range of 460000–

500000 East and 9690000–9730000 North (UTM Zone 54S). The location is presented using an elevation map 

to illustrate the geographical extent of the study area. 
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Materials and Methods 

In this study, both primary and secondary 

datasets were utilized. The primary data 

consist of Sentinel-1A imagery and the 

Indonesian National Digital Elevation 

Model or DEMNAS (Badan Informasi 

Geospasial, 2018). The secondary data 

includes landslide inventory, earthquake 

epicenter records, and the geological map 

of Jayapura City. The selection of these 

datasets was based on their respective 

analytical purposes, where Sentinel-1A 

imagery was employed for ground 

deformation analysis, while DEMNAS was 

used for hypsometric analysis. 

Furthermore, the secondary data were 

incorporated to strengthen the spatial 

analysis and to validate the results obtained 

from the primary data processing. The 

specifications of the Sentinel-1A imagery 

used in this study are presented in Table 1. 

 
Table 1. Sentinel-1A imagery used in this study (Alaska Satellite Facility Distributed Active Archive Center 

(ASF DAAC), 2025; European Space Agency, 2014). 

No. ID Scene Acquisition Polarization Orbit 
Abs 

Orbit 

Spatial 

Resolution 

Swath 

Width 

1 

S1A_IW_SLC__1SD

V_20240128T085635

_20240128T085701_

052304_0652F0_F55

7 

28 January 

2024 
VV+VH Ascending 52304 5 x 20 m 250 km 

2 

S1A_IW_SLC__1SD

V_20240714T085634

_20240714T085700_

054754_06AAC1_B8

A5 

14 July 2024 VV+VH Ascending 54754 5 x 20 m 250 km 

3 

S1A_IW_SLC__1SD

V_20250111T202114

_20250111T202143_

057401_0710D8_51

CC 

11 January 

2025 
VV+VH Descending 57401 5 x 20 m 250 km 

4 

S1A_IW_SLC__1SD

V_20250417T202112

_20250417T202142_

058801_07491E_079

F 

17 April 

2025 
VV+VH Descending 58801 5 x 20 m 250 km 

 

The InSAR processing was carried out 

using the SNAP 9.0 software package 

provided by the European Space Agency, 

with SNAPHU applied for phase 

unwrapping. Interferograms were 

generated from Sentinel-1A SAR data 

using a coherence threshold of 0.3, ensuring 

reliable phase stability in both vegetated 

and urbanized areas. For topographic phase 

removal and hypsometric analysis, the 

DEMNAS with a spatial resolution of 8.1 m 

was employed. A sensitivity check was also 

conducted by resampling DEMNAS to 15 

m, which indicated no significant changes 

in the hypsometric integral values, thereby 

confirming the robustness of the results. 

 

The selection of Sentinel-1 imagery from 

2024 and 2025 was based on the need to 

capture the most recent ground deformation 

conditions in Jayapura City. Utilizing this 

recent temporal range allows researchers to 

monitor geological dynamics in real-time 

or near real-time, particularly concerning 

tectonic activity and geotechnical hazards 

such as landslides and land subsidence. The 

period from 2024 to 2025 was specifically 

chosen to capture ongoing change trends, 

ensuring that the analysis results are highly 

relevant to current field conditions. 

Moreover, this timeframe encompasses 

critical phases that are likely to reflect 

environmental responses to increased 
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seismic activity and geological stress in the 

region. 

 

In this study, the InSAR and hypsometric 

methods were applied as effective tools for 

analyzing landslide susceptibility, 

particularly in tectonically active regions 

like Jayapura, Papua. The workflow of the 

applied methodology is illustrated in Figure 

2. 

 

 
Figure 2. Research flowchart. 

 

The Figure 2 illustrates the workflow for 

obtaining ground deformation values using 

the InSAR method. InSAR enables accurate 

measurements of surface deformation over 

large spatial scales by comparing the phase 

differences of radar signals acquired from 

two separate observations (Brengman & 

Barnhart, 2021; Saepuloh, 2021; Shan et 

al., 2024). 

∆𝑑 =
𝜆

4𝜋
× ∆𝜑        (1) 

where: 

∆𝑑 : surface deformation along the Line of 

Sight (LOS) direction (in meters) 

𝜆 : radar wavelength (for Sentinel-1A C-

band, 𝜆 ≈5.6 cm or 0.056 meters) 

Assessment of Ground Deformation and Landslide Susceptibility … 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2025 Dept. of Geophysics Hasanuddin University 

175 

∆𝜑 : interferometric phase difference (in 

radians) 

4𝜋 : conversion factor from phase to 

displacement. 

 

Equation (1) expresses how surface 

deformation along the radar line of sight 

(LOS) is derived from the interferometric 

phase difference. The displacement 𝑑 is 

directly proportional to the phase change 

∆𝜑, which results from comparing two 

SAR acquisitions over the same area at 

different times. Because the radar phase is 

cyclic between 0 and 2π, and one full cycle 

corresponds to half of the radar wavelength 

(λ/2), the conversion factor 4π appears in 

the denominator. Thus, a larger phase shift 

indicates a larger surface displacement, 

while the radar wavelength λ controls the 

sensitivity of the measurement shorter 

wavelengths allow the detection of smaller 

ground movements. 

 

Then the hypsometric method refers to the 

measurement of elevation distribution 

within a given area, allowing researchers to 

evaluate the morphology and geological 

development that may contribute to slope 

stability. This approach aligns with 

previous studies conducted by Aristizábal 

& Korup (2025). As illustrated in Figure 3, 

hypsometric integral (HI) values equal to or 

greater than 0.5 are characterized by 

convex-shaped curves, representing the 

young stage, which reflects a high level of 

tectonic activity. Meanwhile, HI values 

ranging from 0.4 to less than 0.5 indicate 

the intermediate (mature) stage, typically 

represented by straight curves or a slight 

combination of convex and concave forms, 

suggesting that tectonic activity is still 

present but at a moderate level. In contrast, 

HI values below 0.4 are associated with 

concave-shaped curves, corresponding to 

the old stage, which indicates relatively 

inactive tectonic conditions (Khattab et al., 

2023; Liem et al., 2016; Mulyasari et al., 

2017; Rabii et al., 2017). 

 
Figure 3. Schematic illustration of hypsometric analysis parameters and geomorphological stages. 

 

In Figure 3, the schematic of hypsometric 

analysis parameters for a watershed (left) 

illustrates the relationship between relative 

elevation (h/H) and relative area (a/A). The 

hypsometric curve diagram (center), based 

on the concepts of (Keller & Pinter, 2002) 

depicts three primary patterns associated 

with geomorphological development 

stages: (1) a convex curve indicates a young 

stage with minimal erosion; (2) a nearly 

straight or slightly concave-convex curve 

represents the mature stage, reflecting more 

balanced erosion processes; and (3) a 

concave curve corresponds to the old stage, 

indicating a landscape that has been 

significantly worn down by long-term 

erosion. The right side presents illustrations 

of geomorphological conditions associated 

with each developmental stage. 
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The hypsometric curve is expressed in 

terms of the hypsometric integral (HI), 

which quantifies the area beneath the curve 

as a measure of the proportion of the basin 

volume that remains uneroded (Schumm, 

1956). The calculation of HI follows the 

formula introduced by (Romero, 2024): 

𝐻𝐼 =
ℎ̅−ℎ𝑚𝑖𝑛

ℎ𝑚𝑎𝑥−ℎ𝑚𝑖𝑛
   (2) 

where: 

HI : hypsometric integral 

ℎ̅ : represents the mean elevation of 

the geomorphic unit 

ℎ𝑚𝑖𝑛 : the minimum elevation within the 

studied area 

ℎ𝑚𝑎𝑥 : the maximum elevation within the 

studied area 

 

When combined, the InSAR and 

hypsometric methods not only provide a 

comprehensive understanding of the 

geological and topographical conditions of 

the area but also enable early detection and 

effective management of landslide risks. 

 

Results and Discussion 

The results of this study consist of surface 

deformation values and hypsometric data. 

The surface deformation values were 

obtained using Sentinel-1A imagery from 

both ascending and descending tracks, with 

different acquisition time pairs as shown in 

Figure 4. The processed interferograms and 

deformation maps were utilized to detect 

ground movements occurring throughout 

the Jayapura City area, which was divided 

into 16 sub-watersheds (Sw1 to Sw16). 

This subdivision aims to facilitate spatial 

analysis of the deformation distribution 

patterns. 

 

The results indicate that surface 

deformation in Jayapura City, identified 

through InSAR analysis using Sentinel-1A 

data from both ascending and descending 

tracks, reveals significant deformation 

patterns such as subsidence and uplift 

distributed across several sub-watersheds. 

Based on the ascending interferogram 

generated from the image pair dated 

January 28 to July 14, 2024, a phase change 

ranging from -3.12 to +3.11 radians was 

detected, with the densest fringe 

concentrations observed in Sw2, Sw3, and 

Sw4. The deformation map from the 

ascending track indicates a maximum 

ground subsidence of up to -0.77 m, 

predominantly occurring in Sw2, Sw3, and 

Sw4, and partially in Sw9, Sw10, Sw11, 

and Sw14. Meanwhile, other sub-

watersheds such as Sw1, Sw5, Sw6, Sw7, 

Sw8, Sw12, Sw13, Sw15, and Sw16 

generally show minor to insignificant 

deformation, indicating stable conditions. 

 

The results from the descending track using 

the image pair acquired between January 11 

and April 17, 2025, show a pattern 

consistent with that of the ascending track. 

The maximum uplift was recorded at +0.25 

m in Sw4, with moderate uplift deformation 

occurring in Sw2, Sw3, Sw9, Sw10, Sw11, 

and Sw14, ranging from +0.072 to +0.25 m. 

Other areas generally exhibited 

insignificant deformation. The consistency 

of the results from both tracks strengthens 

the accuracy and validity of the 

deformation interpretation, spatially 

confirming that the zones with the highest 

deformation are concentrated in the 

northern part of Jayapura City, particularly 

within Sw2 to Sw4. 

 

In addition to the deformation analysis, the 

hypsometric results (Figure 5) indicate that 

most sub-watersheds in Jayapura City are in 

the mature geomorphological stage, 

characterized by hypsometric integral (HI) 

values ranging from 0.476 to 0.495. This 

condition reflects that the landscape in 

these areas has undergone significant 

erosion processes while still retaining 

considerable relief and slope steepness. 

This suggests that despite prolonged 

erosion, slope instability potential persists 

due to the presence of rugged topography in 

several locations. Interestingly, Sw14 is the 

only sub-watershed classified as being in 

the young geomorphological stage, with a 
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HI value of 0.501. This indicates that Sw14 

exhibits a younger morphological 

condition, characterized by steep 

topography, high relief, and a relatively low 

degree of erosional development compared 

to other sub-watersheds. However, despite 

its classification as geomorphologically 

young and the detection of localized 

deformation within this sub-watershed, 

Sw14 is not associated with fault zones or 

landslide occurrences during the 

observation period. This suggests that the 

instability potential in this area is primarily 

driven by geomorphological factors rather 

than tectonic activity.  

 

 

 
Figure 4. Surface deformation analysis in Jayapura City using Sentinel-1A SAR data: (A) interferogram from 

ascending pair (28 January–14 July 2024); (A′) deformation map from ascending track; (B) interferogram from 

descending pair (11 January–17 April 2025); (B′) deformation map from descending track. 

 

The correlation between surface 

deformation, hypsometry, geological 

structures, earthquake epicenter 

distribution from 2002 to 2025, and 

landslide occurrences in Jayapura City 

reveals a strong interconnection (Figure 6). 

The presence of a thrust fault trending 

northwest–southeast (NW–SE) within the 
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metamorphic rocks of the Cycloops Schist 

Complex (pTmc), which represent a 

metamorphic facies zone, serves as the 

primary control of the deformation 

observed in Sw3 and Sw4. The hard but 

brittle nature of the metamorphic rocks in 

this zone acts as a medium for the 

accumulation and release of compressive 

stress, which actively triggers vertical 

deformation. In addition to thrust faulting, 

patterns of lateral deformation and uplift 

are also controlled by normal faults 

dominantly trending north-northwest–

south-southeast (NNW–SSE) and west-

southwest–east-northeast (WSW–ENE), as 

well as strike-slip faults trending WSW–

ENE, which are distributed across several 

sub-watersheds, particularly from Sw2 to 

Sw9 and Sw12. The occurrence of faults 

along the boundary between the Ultramafic 

Rock Formation (Um), composed of 

harzburgite, serpentinite, pyroxenite, and 

dunite, and the Nubai Formation (Tomn), 

dominated by limestone interbedded with 

biomicrite, marl, fine-grained sandstone, 

and tuffaceous greywacke, further 

emphasizes the structural complexity of 

Jayapura, where strong lithological 

contrasts promote deformation 

concentration (Welikanna & Jin, 2023). 
 

 
Figure 5. Hypsometric curves of 16 sub-watersheds (Sub-DAS) in Jayapura City. The hypsometric integral (HI) 

values are used to assess the geomorphological development stage of each sub-watershed. 

 

This tectonic complexity does not act in 

isolation but interacts strongly with the 

lithological framework of Jayapura. The 

convergence of multiple weak sedimentary 

formations further amplifies the impact of 

fault activity, making the area more prone 

to both vertical and lateral deformation. 

The Makats Formation (Tmm) consists of 

greywacke, siltstone, shale, marl, 

conglomerate, interbedded limestone, tuff, 
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and volcanic breccia. Meanwhile, the 

Jayapura Formation (Qpj) comprises coral-

algal limestone, calcirudite, calcarenite, 

marl, and reef-structured limestone 

(Suwarna & Noya, 1995). The combination 

of lithologies from the Makats, Nubai, and 

Jayapura Formations, which are dominated 

by weak sedimentary rocks with low 

cohesion, makes the area highly susceptible 

to both vertical (subsidence and uplift) and 

lateral deformation. This inherent 

lithological weakness, when combined with 

active fault movements, leads to significant 

stress accumulation and deformation across 

multiple sub-watersheds. 

 

 
Figure 6. Distribution of deformation, hypsometry, landslides, earthquake epicenters, geological structures, and 

lithological formations in Jayapura City. 

 

In addition, the spatial distribution of 

earthquake epicenters from 2002 to 2025 

shows a proximity to several documented 

landslide locations, particularly in Sw2, 

Sw3, and Sw4 (Figure 6). This spatial 

relationship suggests that seismic activity 

may act as a triggering factor that 

accelerates slope failure in areas already 

weakened by active deformation and fragile 

lithologies. The potential activity of these 

faults leads to stress accumulation that 

promotes deformation in soils and rocks 

with inherently weak mechanical 

properties. InSAR effectively captures 

deformation in these areas due to a 

combination of fault block movements, the 

presence of fractures or shear zones, and the 

reduction in rock strength caused by 

weathering or subsurface moisture changes 

(Alonso-Díaz et al., 2023; Farolfi et al., 

2019). In addition to tectonic factors, the 

presence of lithologies such as marl, shale, 

and conglomerate—materials that are 

highly compressible and plastically 

deformable (Staniewicz & Chen, 2024) 

further amplifies the surface deformation 
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response, which is clearly recorded in the 

InSAR results. Conversely, the deformation 

detected in Sw10 and Sw11, which are 

underlain by the Qa Formation consisting 

of alluvium and coastal deposits, is 

unrelated to tectonic activity. Instead, it is 

attributed to non-tectonic factors, 

particularly rapid land-use changes 

associated with intensive urban 

development, which appear as deformation 

signals in the InSAR analysis.

 

Table 2 . Deformation classification and landslide occurrences in sub-watersheds of Jayapura city. 

No. 
Sub-

watershed 

Sub-

watershed  

Area (ha) 

Deformation 

Area (ha) 

Percentage 

of 

Deformation 

Area (%) 

Deformation 

Classification 

Total 

landslide 

Events 

2019-

2025 

Location 

1 Sw1 4149.23 - - No deformation - - 

2 Sw2 3628.46 2317.19 63.86 High 4 

Kawasan 

Ampera, 

Nirwana, 

Pasar Ikan 

Dok 9, and 

Skyline 

3 Sw3 3643.76 1459.32 40.05 Moderate 2 

Kantor Distrik 

Jayapura 

Selatan and 

Kantor 

Walikota 

4 Sw4 4897 4128.59 84.31 High 2 

Kampung 

Yoka Waena 

and Jalan 

Ringroad 

5 Sw5 3482.58 7.67 0.22 No deformation - - 

6 Sw6 5307.22 438.88 8.27 Low  - - 

7 Sw7 7671.4 - - No deformation - - 

8 Sw8 3431.34 280.38 8.17 Low  - - 

9 Sw9 7738.04 930.15 12.02 Low - - 

10 Sw10 5597.85 1551.6 27.72 Moderate - - 

11 Sw11 4995.9 899.73 18.01 Low - - 

12 Sw12 4255.3 84.02 1.97 Low - - 

13 Sw13 6323.65 - - No deformation - - 

14 Sw14 1806.58 126.39 6.99 Low - - 

15 Sw15 7838.1 - - No deformation - - 

16 Sw16 10029.7 - - No deformation - - 

 
Table 3. Landslide distribution by deformation 

class. 

Deformation 

Classification 

Landslide 

Events 

Percentage 

(%) 
High 6 75.0 

Moderate 2 25.0 

Low 0 0.0 

No deformation 0 0.0 

 

The occurrence of landslides along several 

locations, including Jalan Kampung Yoka 

Waena, the area surrounding the Walikota’s 

Office, Ampera, Nirwana, Jalan Skyline, 

Pasar Ikan Dok 9, Jayapura Selatan, and 

Jalan Ringroad (Ardan, 2024; Evarukdijati, 

2019a, 2019b, 2022; Katharina, 2021; 

Leloltery, 2025; Pamanggori, 2024), 

further supports the observation that 

landslide events are predominantly 

concentrated in areas experiencing a 

combination of active deformation and 

mature hypsometric conditions, 

particularly in Sw2, Sw3, and Sw4. To 

strengthen this correlation, a quantitative 

validation was conducted by comparing 

deformation zones with the landslide 

inventory from 2019 – 2025. For this 

purpose, it is developed our own 

deformation classification system based on 
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the proportion of affected area within each 

sub-watershed, which are: No deformation 

(0%), Low deformation (1–25%), Moderate 

deformation (26–50%), and High 

deformation (51–100%). 

 

The results are summarized in Table 2 and 

Table 3, which demonstrates that sub-

watersheds Sw2, Sw3, and Sw4, 

categorized as high to moderate 

deformation zones (40–84% coverage), 

correspond with many documented 

landslide events. In contrast, areas with low 

or no deformation show either minor or no 

landslide occurrences. This quantitative 

validation is consistent with the geological 

and geomorphological evidence, as 

ongoing deformation in these areas likely 

increases slope stress and instability. 

 

In these areas, ongoing deformation likely 

increases slope stress, which is further 

exacerbated by the presence of weak 

lithologies such as marl, clay, brecciated 

ultramafic rocks, and weathered 

serpentinite. These conditions render the 

slopes highly unstable and susceptible to 

landslides, especially when triggered by 

extreme rainfall or seismic activity. 

Conversely, although Sw14 exhibits steep 

morphology, a high HI value, and 

detectable deformation, no landslide events 

have been identified in this area. This 

indicates that the hazard potential in Sw14 

is more latent and primarily associated with 

long-term geomorphological processes 

rather than active tectonic deformation. 

In order to strengthen the interpretation, 

landslide events recorded between 2019 

and 2025 were analyzed in relation to the 

deformation classification. The number of 

landslide events was compared across 

different deformation classes, as 

summarized in Table 3. 

Validation of the deformation zones using 

the landslide inventory data indicates a 

strong spatial correlation. Out of a total of 

eight recorded landslide events, six events 

(75%) occurred within areas classified as 

High deformation, while two events (25%) 

were in the Moderate deformation zones. 

No landslides were observed in areas 

categorized as Low deformation or No 

deformation. These results demonstrate that 

the deformation zones mapped from InSAR 

analysis correspond well with the actual 

landslide occurrences, particularly within 

the high deformation areas. 

 

This consistency is in line with previous 

studies support the findings of this research 

by emphasizing the strong relationship 

between ground deformation and landslide 

susceptibility. Miao et al., (2023) and Wu 

et al., (2024) highlighted that areas 

experiencing significant deformation are 

more prone to slope failures, and that 

incorporating InSAR data substantially 

improves landslide risk evaluation. Dai et 

al., (2022), Lau et al., (2024), and Ran et al., 

(2023) further demonstrated that advanced 

InSAR techniques such as SBAS and PS-

InSAR are highly effective in detecting 

subtle ground movements, particularly in 

mountainous terrains. In addition, 

hypsometric analysis has been widely used 

to link geomorphic evolution with landslide 

potential, where youthful basins with 

higher hypsometric integral values tend to 

show greater instability (Vijith et al., 2017). 

The integration of InSAR-derived 

deformation with hypsometric parameters 

has therefore been recognized as a robust 

framework for improving landslide 

susceptibility assessments (Gera & 

Agegnehu, 2021; Ramzan et al., 2022). 

 

Overall, this study highlights that landslide 

susceptibility in Jayapura City is governed 

by the interaction of two main factors: 

ongoing tectonic activity, particularly along 

thrust, normal, and strike-slip fault zones in 

Sw2, Sw3, and Sw4; and non-tectonic 

factors such as extensive land-use changes 

(Juna, 2025), especially in Sw10 and Sw11. 

These findings have significant  

implications for urban planning and 

disaster mitigation strategies in Jayapura 
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City. Areas characterized by active uplift, 

subsidence, mature hypsometric 

conditions, and weak lithologies should be 

prioritized in mitigation programs, 

including slope reinforcement, land-use  

regulation, and the implementation of early 

warning systems. Additionally, although 

areas like Sw14 currently show no recorded 

landslides, they should remain under close 

observation due to their steep 

geomorphological characteristics and latent 

instability potential, which may be 

exacerbated by ongoing denudation 

processes and increased human activities in 

the future.  

 

Despite the comprehensive spatial analysis 

presented in this study, there are several 

limitations that should be acknowledged. 

The assessment relies solely on InSAR-

derived deformation and hypsometric data, 

without incorporating other critical factors 

such as soil mechanical properties, rainfall 

intensity, and subsurface conditions. 

Therefore, the deformation patterns and 

slope instability identified represent 

preliminary indicators based on 

geomorphological and tectonic parameters 

rather than a complete landslide hazard 

assessment. 

 

Conclusion 

 

This study demonstrates that landslide 

susceptibility in Jayapura City is primarily 

governed by the interaction between 

tectonic deformation and 

geomorphological factors. InSAR analysis 

reveals significant uplift and subsidence 

concentrated in sub-watersheds Sw2, Sw3, 

and Sw4, which also correspond to areas 

with documented landslide events. The 

hypsometric assessment further highlights 

the role of mature to old geomorphic stages 

in amplifying slope instability. The 

integration of InSAR-derived deformation 

and hypsometric parameters thus provides 

an effective framework for identifying 

high-risk zones, with practical implications 

for slope reinforcement, land-use planning, 

and the development of early warning 

systems to reduce disaster risk in Jayapura 

City. 

Despite these findings, several limitations 

should be acknowledged. The accuracy of 

InSAR analysis is influenced by 

atmospheric noise, temporal and spatial 

decorrelation, and the resolution of DEM 

data used for phase removal. Moreover, the 

study did not incorporate other key factors 

such as rainfall intensity, soil mechanical 

properties, and groundwater conditions, 

which are critical for comprehensive 

landslide hazard assessment. Therefore, the 

results should be considered preliminary 

indicators of slope instability. Future 

research combining multi-sensor SAR 

time-series, hydrological records, and 

geotechnical field validation will be 

essential to refine hazard mapping and 

support more robust disaster mitigation 

strategies in Jayapura City. 
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