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Abstract

Observing and analyzing areas prone to landslides is crucial due to the extensive destruc-
tive capacity of landslides. To monitor landslide activities across diverse areas, remote
sensing data and image processing methods are employed. This study proposes a method
that integrates Multi-temporal Interferometric Synthetic Aperture Radar and advanced
temporal tracking technologies to intensify surveillance of the Kurtun Dam and its val-
ley. According to Sentinel-1 A data, the net displacement rates of the dam crest varied
between — 12 and 2 mm/year (LOS). InSAR technology surveys the entire dam catchment
area, detecting critical infrastructure such as slopes, spillways, and access roads. The crest
of the Kurtun Dam experiences oscillatory deformation during filling activities, but the
lateral slopes and downstream abutment remain stable. As reservoir water levels rise, the
dam structure exhibits downstream deformations, whereas declining water level results
in upstream displacements. Monitoring points located the opposite Ozkurtun settlement
and within the reservoir area, both facing the dam, exhibited displacement rates of up to
-50 mm monthly. In regions susceptible to landslides, the greatest annual displacement
rates were observed to be -54 and —127 mm/year. This study suggests that integrating 3D
modeling with InSAR technology into dam monitoring systems can significantly enhance
their effectiveness. At Kurtun Dam and other crucial locations within the catchment area,
the integrated approach combined with topographic monitoring, ensures reliable landslide
detection and analysis. By advancing monitoring technology for embankment dams, this
strategy prioritizes safety and structural integrity assessments.
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1 Introduction

The increasing complexity of managing natural hazards and water resources, particularly in
geologically sensitive and strategically important regions, has necessitated the advancement
of monitoring technologies. Dams are critical infrastructures, serving multiple purposes
including flood control, water supply, hydroelectric power generation and river navigation
(Wang et al. 2023). With over 800,000 dams worldwide they play a key role in global water
security, disaster resilience and the development of sustainable energy resources (Nasrat
Adamo et al. 2019).

Despite their strategic value, many dams are located in high risk geological zones where
natural hazards especially landslides pose significant threats to structural stability and
downstream safety (Marchamalo-Sacristan et al. 2023, 2025). Historical disasters such as
the 1928 Francis Dam collapse in the USA, the 1963 Vajont landslide in Italy, the 1975 Ban-
giao Dam failure in China and the 2024 Old Kijabe Dam collapse in Kenya have shown the
devastating human and environmental consequences of inadequate dam monitoring (Duf-
faut 2013; Maina-Gichaba et al. 2013; Pang et al. 2023; Panizzo et al. 2005). Tradition-
ally dam deformation monitoring has relied on terrestrial geodetic methods such as Global
Navigation Satellite Systems (GNSS) and total stations. While these techniques offer high
point specific accuracy. They are constrained by limited spatial coverage and logistical dif-
ficulties, especially in rugged or remote terrain (Barla et al. 2010; Scaioni et al. 2018). For
instance the Atatiirk Dam in Turkey was monitored using these methods to assess surface
displacement (Milillo et al. 2016; Milillo et al. 2016a, b, c; Yavasoglu et al. 2018).

To overcome the limitations of ground based systems, satellite based Interferometric
Synthetic Aperture Radar (InNSAR) has emerged as a transformative solution. InSAR pro-
vides continuous high resolution surface deformation data over broad areas and under all
weather and lighting conditions (Coskun et al. 2023; Ullo et al. 2019). It has been widely
applied in the monitoring of earthquakes, mining subsidence, glacier movement and par-
ticularly in assessing the stability of dam structures and their surrounding environments
(M. Wang et al. 2020a, b; Yang et al. 2023; Yuan et al. 2021). Among InSAR techniques
Persistent Scatterer (PS-InSAR) and Small Baseline Subset (SBAS-InSAR) have proven
particularly valuable for dam surveillance. PS-InSAR offers millimeter level precision by
focusing on stable reflectors such as concrete surfaces and buildings while SBAS-InSAR
is effective for capturing slow moving large-area deformations (Tonelli et al. 2023; Yuan et
al. 2021; Zhang et al. 2023). Their complementary characteristics enable comprehensive
monitoring of both localized and distributed displacement patterns.

Numerous studies have demonstrated the operational reliability of these methods. Con-
ducted a time series InSAR analysis on the Oroville, Pong and Tehri Dams successfully
detecting pre failure signals and post-event deformations (Verma and Vijay 2024). Thus
confirming the value of InSAR for early warning systems. Similarly SBAS-InSAR to the
Datengxia Water Conservancy Hub, where InSAR derived measurements strongly correlated
with in situ data affirming its utility in both construction and operational phases (Ouyang et
al. 2024). Beyond structural displacement detection InSAR has been used for deformation
modeling and hazard forecasting. Wen et al., analyzed the impact of reservoir impoundment
on landslide activity in the Wudongde Hydropower Station using InSAR highlighting a
direct relationship between water level fluctuations and slope instability (Wen et al. 2025).
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Das et al., introduced a spectral analysis based approach that successfully identified early
signs of instability prior to the Brumadinho tailings dam disaster (Das et al. 2024).

Effective and integrated dam monitoring is essential not only for structural integrity and
disaster mitigation but also for advancing sustainability objectives such as energy security,
water management and climate resilience (Tu et al. 2023; Zhou et al. 2020). The Harsit Val-
ley in Turkey’s Black Sea region exemplifies these challenges with its complex geomorphol-
ogy and vital hydropower infrastructure. This study focuses on the temporal deformation of
the Kurtun Dam between January 2023 and March 2024 using an integrated approach that
combines Sentinel-1 based InSAR analysis with traditional total station observations. The
objective is to evaluate the effectiveness of this synergy in improving early warning capacity
and long term structural resilience.

2 Study area and data
2.1 Study area

The Kurtun Dam and power plant is located on the Harsit Stream (formerly Dogankent
Stream) in the Kurtun district (Fig. 1). Commissioned in 2002, the dam has been actively
operating for over two decades. Playing a key role in regional hydroelectric energy produc-
tion and water management. The installed capacity of the dam is 85 MWh making it the
177th largest power plant in Turkey and the fourth largest in Gumushane. It ranks as the
71st largest hydroelectric facility in the country. Generating an average of 198 GWh of
electricity annually. Kurtun Dam and Hydroelectric Power Plant (HEPP) can supply the full
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Fig. 1 Overview map of the study area [(A) location of study area in Turkey, (B) surface land cover of
the study area derived from the GoogleEarth, (C) location area of Kurtun Dam. Benchmark Points are
shown with red star]
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energy needs of approximately 41,798 people, including residential, industrial and public
service demands. For residential consumption alone it can serve around 50,824 households.
Structurally, the dam features a concrete face rock fill body with a total volume of 3 million
cubic meters and stands 133 m above the riverbed. Under normal water levels the reservoir
holds 108 hectometers cubed and covers a surface area of 2.62 km? (Web 1 2024) (Fig. 1).

2.2 Dataintroduction

Sentinel-1 satellite data were employed in this study to analyze large-scale structural stabil-
ity from January 2023 to April 2024. Launched by the European Space Agency (ESA) in
2014. Sentinel-1 operates with a C-band Synthetic Aperture Radar (SAR) at an orbital alti-
tude of 690 km and has a revisit cycle of 12 days. This study employed 46 ascending and 37
descending orbit images maintained over a 60-day temporal baseline and 200-meter vertical
baseline. Single-look complex (SLC) data in the VV polarization mode using the Interfero-
metric Wide (IW) mode were selected for Stack-InSAR processing. Although the Senti-
nel-1 archive spans nearly a decade this study specifically focused on the 2023-2024 period
for two main reasons. First, the selected interval corresponds to a recent phase marked by
hydrological variability and seasonal reservoir changes which are particularly relevant for
detecting possible deformation signals. Second, only during this period were high resolu-
tion Total Station measurements simultaneously conducted allowing for consistent compari-
son between ground based measurments. By synchronizing the temporal windows of both
data sources the study ensures methodological coherence and increases the reliability of the
deformation assessment (Table 1).

Utilizing a 30-meter resolution DEM from the Shuttle Radar Topography Mission
(SRTM) terrain feature parameters were determined. Overlay and shadow regions were
identified and topographic effects were mitigated during InSAR processing. The main speci-
fications are detailed in Table 1. Total Station was used to measure displacement for tradi-
tional positional measurements. Six reference stations were set up but only five of these,
situated nearer to the dam were used for conventional geodetic measurements of angles
and distances. Angles were accurately measured using complete sets and distances were
assessed conjugately. From these measurements the coordinates of the object points were
calculated to establish correlations among the reference stations. Water level data repre-
senting the total reservoir volume (hm?®) and water level in meter was obtained from the
State Hydraulic Works (DSI) affiliated with the Ministry of Agriculture and Forestry. These
records cover the period from January 2023 to April 2024 and were used to assess seasonal
fluctuations in water storage levels that may influence structural deformation patterns.

Table 1 Sentinel-1 image specifications

Platform Polarization Path Track First Last Incident Angle Number of Scenes
Sentinel-1 A VV 43 129 20,230,106 20,240,325 36.37 46
123 456 20,230,112 20,240,319 42.02 37
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3 Methods

In this study, both PS-InSAR and SBAS-InSAR techniques were employed to comprehen-
sively monitor dam and surrounding slope deformation. PS-InSAR is highly effective for
detecting stable, coherent targets such as concrete dam structures or urban surfaces with
high temporal correlation. However, it is less applicable in vegetated or decorrelated areas.
Conversely, SBAS-InSAR is suitable for monitoring wider and more heterogeneous areas,
including natural slopes and rural zones, by minimizing temporal and spatial decorrelation
through small-baseline interferogram stacking. By combining both techniques, the study
leverages the high-precision capabilities of PS-InSAR for dam panels and the broad cover-
age of SBAS-InSAR for adjacent slopes and landslide prone areas (Tonelli et al. 2023).
This integrated approach enhances deformation interpretation and reduces observational
uncertainty (Fig. 2).

3.1 Multitemporal InSAR data processing

Multitemporal InSAR (MT]I) processing, also known as time series analysis, strategically
utilizes a series of SAR images along the same flight paths to enhance signal fidelity by
minimizing distortions (Bayik et al. 2021; Liu et al. 2023). It primarily uses Persistent Scat-
terer and Small Baseline Subset methodologies (Han et al. 2023). These methods focus
on extracting the most reliable signals from the core areas of persistent scatterers while
simultaneously disregarding uncorrelated point targets (Han et al. 2023). In MTI, pixels’
phase values are extracted by analyzing their sequence of images (Coskun et al. 2023). A
pixel’s phase value is determined by the combined reflection from scattering centers within
its resolution cell.

The PS-InSAR surface settlement monitoring results were compared using total station
measurements using three reference points covering the dam during the relevant period. The
results from SBAS-InSAR processing were also compared with those from the PS method
(Wu et al. 2019). This comparison validated the outcomes of the PS-InSAR technique’s
monitoring. The workflow of the processing technique is illisturated in Fig. 2. This study

Sentinel 1-A
Images (N+1)

| gonz 30629

202301 202303 202305 202307 202309 202311 202401 202403

DEM Data

Geocoding Atmospheric Interferometric
Back Correction Process

40.675 -

112 20230124

40.670 1

40.665 1

40.660 1

40.655

40.650 1

Velocity Maps ]

3911 3912 3913 3914
Fig.2 General flowchart of the InSAR processing
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employed the Permanent Scatterer Interferometry (PSI) technique, utilizing StaMPS (Stan-
ford Method for Persistent Scatterers) software to process data from Sentinel-1.

A single reference image was selected for coregistration with the dataset to maintain
consistency and comparability across all scenes. These images were prepared using the Sen-
tinel Application Platform (SNAP), enabling coregistration and interferogram generation
(Garcia-Lanchares et al. 2023). The interferograms produced were analyzed in detail using
StaMPS software (Hooper et al. 2018). 45 interferograms were obtained from the ascend-
ing orbit and 36 from the descending orbit. Since both sets of interferograms were gathered
from the same satellite during the same timeframe we can expect similarities in the findings
from both orbital paths (Holden et al. 2020). The satellite’s consistent observational geom-
etry and environmental conditions based on its operational parameters underlie this expec-
tation (Bayik et al. 2021). Using the PyGMTSAR software SBAS and PS Interferometry
analyses were conducted directly within the Python environment with the application area
fully recalculated. PyGMTSAR correctly processed data without the need for workarounds
and excessive filtering (Pechnikov 2023). The results were then aggregated and merged.

The rate of deformation was measured in the direction perpendicular to the line of sight.
For alignment with standard benchmark measurements it is essential to acquire LOS results
across the north-south, east-west and vertical orientations (Hastaoglu et al. 2018). The dis-
placement proportions in these directional LOS can be derived from both ascending and
descending SAR images (Zheng et al. 2021). The precision of displacements in the polar
direction is limited by the satellite’s polar orbital movement. The calculation methods for
displacements in the east-west and vertical directions are as follows:

pros =5" x D e))
ST = (—cosnsinb sinmn sinb cos ) 2)

Where ¢; o represents the displacements in the line of sight, S denotes the satellite unit vec-
tor and D represents the surface displacement vector, including the incidence (¢ and azimuth
angles (]). To integrate the results from the ascending and descending LOS data. The LOS
values were transformed into a grid with a resolution of approximately 10 x 10 m (Bayik
et al. 2021; Bayik and Abdikan 2021). Following this gridding procedure vertical and east-
west displacements were determined using mathematical and geometrical principles.

4 Results

The technical evaluation of the Kurtun Dam was conducted using PS-InSAR and SBAS-
InSAR methods, analyzing 83 scenes from the Sentinel-1 dataset covering the Kurtun valley
of Gumushane province. This analysis also included corresponding precision orbit data and
SRTM DEM data to improve the accuracy of the results (Du et al. 2021). To optimize the
coherence of the dataset, the ascending image taken on July 5, 2023, was selected as the
preliminary image. A total of 88 interferograms were generated for SBAS analysis using
ascending orbit data. For the descending orbit, the image dated September 9, 2023, was cho-
sen as the preliminary image. 70 interferograms were generated for SBAS analysis. Images
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that extended beyond the designated study area were subsequently cropped to fit within the
defined boundaries.

4.1 Crest displacement detection using PS-InSAR

Within the study area, potential PS points were identified using two different methods:
coherence coefficient threshold and amplitude deviation. This dual approach enabled com-
prehensive identification of PS candidates. The phase information for these points was then
carefully extracted from the time series differential interferograms, providing crucial data
for further analysis.

To assess the temporal displacement characteristics of the Kurtun Dam, several moni-
toring points were strategically positioned. In the dam’s central top region (Point P3), dis-
placement rates exceeded 17 mm/year (Fig. 3). Points P1 and P2, located on either side of
the embankment, showed minimal displacement with rates not exceeding 3 mm/year. The
midpoint of downstream slope (Point P4) exhibited a moderate yearly displacement rate of
approximately 6 mm. Finally, point P35, situated at the foot of the dam slope, also showed a
low displacement rate, with the annual rate remaining below 1 mm/year (Fig. 3).

Analysis of Figs. 4 and 5 shows a correlation between the displacement of the dam
structure and reservoir water levels. Specifically, a rise in the water level is associated with
a downward displacement of the dam, whereas a fall in the water level corresponds to an
upward displacement of the dam structure. The observed phenomenon occurs because an
increase in water level results in increased hydraulic pressure on the dam, causing the dam
structure to oscillate in the downstream direction (Fig. 4).

As the water level drops, so does the hydraulic pressure on the dam, causing the upstream
structure to oscillate. This indicates that the greatest oscillation of the dam typically occurs
during periods of high water levels. The least displacement was observed during periods of
low water (Fig. 5).

4.2 Crest displacement detection using SBAS-InSAR

The monitoring results in this study are corroborated by the measurement of fixed ground
points over the same period. In addition to the PS-InSAR results, the deformation moni-

Fig. 3 The displacement rates at monitoring point P3 in dam crest, as observed through PS-InSAR analy-
sis, are presented with descending LOS results in orange and ascending LOS results in blue
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Fig.5 The displacement rates at monitoring point P3 in dam crest is presented with ascending LOS results
in orange and water volume measurements in blue

toring results for the Kurtun Dam from January 2023 to April 2024 were analyzed. Both
processing methods showed similar characteristics in terms of the deformation distribution
along the satellite’s line of sight.

The highest rate of deformation was recorded at the center and apex of the dam crest,
with a gradual decrease toward the slopes on either side and downstream base. Comparative
measurements from the reference points confirm this pattern, indicating an average annual
deformation rate ranging from —12 to 2 mm/year at the center of the ridge. The slopes on
either side of the dam are relatively stable with deformation rates of approximately 1 mm/
year. Most observed data points cluster within a deformation rate range of -0.8 to 2 mm/yr,
which is visually represented by blue dots on the maps in Fig. 6. The northern slope of the
dam has an annual deformation rate less than —0.8 mm/year, identical to the P1 benchmark’s
measurement (Fig. 6).

In regions where surfaces are less reflective, the distribution of monitoring points tends
to be less dense and more dispersed, depending on the line of sight. The upper center of
the dam exhibited the maximum deformation, as indicated by the dam surface deformation
monitoring results. The average annual vertical displacement at P3 ranges from —9.6 mm
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(C) East-West displacement map, (D) Vertical displacement map; Benchmark Points are shown with red
star, rates in mm/year]

to 2.2 mm, with a maximum annual displacement of -11.6 mm. 1 mm/year or less is the
rate of displacement at the dam’s base near the embankment, signifying the stability of the
foundation and embankment.

Figure 8 presents the displacement velocity maps of the dam body obtained using PS-
InSAR analysis by combining ascending and descending LOS measurements. Panel (A)
illustrates the east-west displacement component, while panel (B) shows the vertical dis-
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placement component, with rates expressed in millimeters per year (mm/year). In the east—
west direction (A), most deformation values range between —9 mm/year and + 12 mm/year,
indicating predominantly eastward motion in certain sections, particularly along the dam
crest and right abutment, whereas other zones exhibit relatively stable behavior. In the verti-
cal displacement map (B), subsidence dominates the dam body, with values reaching down
to —48 mm/yr, especially concentrated along the central and lower-left zones. Conversely,
some localized uplift values up to +34 mm/yr are detected near the upper dam shoulder. The
spatial distribution of these displacements reveals heterogeneity in deformation behavior,
which may relate to structural characteristics, load distributions, and varying foundation
responses across the dam.

4.3 Ozkurtun landslide detection using InSAR in the reservoir area

Landslides within the study area were identified by combining PS-InSAR and SBAS-InSAR
displacement data. The Ozkurtun landslide’s displacement time series was acquired utiliz-
ing time series InSAR methods and positioned according to the slide’s downward trajec-
tory. Figure 6 depicts the average rate of deformation within the landslide, with the most
intense deformation occurring predominantly in the central region, where the deformation
rate reached up to 100 mm/year. The displacement is eastward, parallel to the dam’s reser-
voir area.

Figures 7 and 8 show the location and annual displacement rate time series curves,
respectively. These figures show that the central point of the area indicates the most active
section of the landslide, as evidenced by the substantial cumulative displacements observed
there. Between January 2024 and March 2024, the annual displacement rates at these central
points exceeded 120 mm. In contrast, the deformation at the peripheral monitoring points
was less prominent, with annual displacement rates of approximately 50 mm. Similar to
the linear displacement trends observed in the upper parts of the landslide, the curves in the
lower parts also show characteristics influenced by cyclical rainfall patterns and reservoir
operations (Fig. 7).

Owing to the upward pressure of the reservoir water, the lower part of the landslide
constantly deforms and has a higher displacement rate. As the water level in the reservoir
gradually rises from January, the overall displacement of the landslide increases.

5 Discussion

InSAR technology possesses the capability to conduct deformation analysis with high pre-
cision and density over extensive areas. Although this technology has a dependent impor-
tance in capturing deformations depending on the coverage of the imagery, it plays a very
effective role in monitoring dams in areas where data is available. The InSAR method is
supported by traditional measurement techniques such as leveling and GNSS for monitoring
dams. The InSAR method is ideal for monitoring extensive, slowly progressing landslides
exhibiting diverse spatial deformation patterns ( Wang et al. 2020a, b). Various studies have
demonstrated the effectiveness of multi-temporal time series analysis in dam monitoring by
comparing ground measurements with SBAS and PSI methodologies (Hooper et al. 2012;
Milillo et al. 20164, b, c; Milillo, Tapete, et al. 2016; Ruiz-Armenteros et al. 2018). Dam
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Fig.7 Landslide area SBAS-InSAR velocity results [(A) Descending LOS direction, (B) Ascending LOS
direction, (C) East-West displacement map, (D) Vertical displacement map; rates in mm/year]

monitoring was performed using the Sentinel 1, ERS and TerraSAR-X satellites as docu-
mented in the literature (Holden et al. 2020) (Fig. 8).

Reservoir dam monitoring results can facilitate risk analysis and alert systems. InSAR
deformation monitoring technology is particularly effective for obtaining high-precision
and dense deformation results on concrete reservoir dam panels (Wang et al. 2023). Con-
tinuous monitoring of dam deformations is essential for assessing its safety conditions and
ensuring the structural integrity of the dam (Cetin et al. 2000). Dam bodies undergo defor-
mation as a result of factors such as self-weight, water pressure, temperature fluctuations
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Fig. 9 The displacement rates at monitoring point in dam crest PS are presented with descending LOS
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and the aging of materials. Periodic variations in water pressure and temperature induce
transient deformations in dam structures, whereas self-weight and material aging contribute
to long-term compaction and consolidation, leading to gradual increases in deformation
over time. The deformation patterns of the dam slope and its base correlate with changes in
water levels indicating a clear and significant relationship between displacement and water
levels, indicating that the dam is generally in a stable condition (Fig. 9).

Between August and November 2023, a dry period with no rainfall led to a swift decrease
in the reservoir level. Consequently, the displacement rates at all monitoring points on the
landslide began to diminish averaging approximately 30 mm per month as depicted in
Figs. 9 and 10. Owing to the lag effect of rainfall infiltration, the displacement rates in the
upper sections of the landslide gradually reduced as the capacity and depth of rainfall infil-
tration increased, whereas moisture retention in the central areas of the landslide increased
(Fig. 10).

During the period from April to September, when the reservoir water level was stabilized
at 100 hm?, the landslide exhibited a slower rate of deformation. Subsequently, the delayed
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Fig. 10 Rainfall amount and reservoir volume rates. Rainfall shows orange bars, and blue represents
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infiltration effects of prior rainfall compounded by significant and continuous rainfall within
the reservoir area, precipitated a phase of intensified deformation post-November. During
this phase, some monitored displacement rates escalated to as much as 50 mm/month.

The substantial thickness and scale of the Ozkurtun landslide facilitate the infiltration of
rainfall into the sliding surface, which can accelerate landslide activity. Previous research
has established a correlation between reservoir landslides and rainfall events(Ouyang et al.
2024; Wang et al. 2023; Wen et al. 2025). These studies examined the relationship between
landslide deformation and its environmental drivers, such as reservoir water levels and rain-
fall using long-term InSAR and benchmark point monitoring data from active landslide
zones (Figs. 4 and 5). The findings from these studies corroborate the impact of changes in
water levels and precipitation on landslide displacement trends aligning with the conclu-
sions of this study. Furthermore, these outcomes affirm the efficacy of InSAR data in inves-
tigating the deformation mechanisms of landslides.

The results of the field investigation indicate that the deformation and collapse of the
slope were influenced by the deteriorated slope conditions and structural features of the
slope. Subjected to long-term gravitational forces, the slope exhibited creeping behavior by
descending through a brittle mudstone layer. Over time, prestress accumulated leading to
bending and downward displacement of the central and frontal parts of the slope. When the
potential sliding surfaces of the bending segments approached each other the stored energy
was suddenly released leading to collapse and rapid sliding.

InSAR technology offers a significant cost advantage for dam monitoring. Though docu-
mented in other studies, this benefit is limited to non-vegetated, non-waterlogged and stable
regions. Multi-temporal InSAR analysis effectively monitors landslides, slopes, auxiliary
infrastructures and dam bodies with consistent processing effort. The significance of this
capability lies in its ability to maintain consistent frequency and precision throughout a
dam’s lifespan where traditional monitoring systems may falter. Effective dam modeling
requires the availability of SAR data from the dam’s construction period preferably during
Sentinel-1. By combining conventional monitoring methods with InSAR the interferometric
series can precisely detect and monitor the dam body and its associated structure deforma-
tion since their inception.
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6 Conclusion

This research explores the application of the InSAR technique for extensive spatial monitor-
ing and rapid detection of surface displacements in dam and reservoir areas. Additionally, it
demonstrates the value of Sentinel-1 data for assessing the structural stability of large-scale
engineering systems, taking advantage of the mission’s wide spatial coverage and frequent
C-band acquisitions at 12 day intervals.

Temporal variations observed in InSAR measured deformation and changes in surface
morphology confirm the active nature of the landslide in the Ozkurtun settlement area. Max-
imum line-of-sight displacement rates reached up to 54 mm/yr and 127 mm/yr, with pro-
nounced deformation in both vertical and east-west components particularly along the slope
direction. Based on InSAR results and field observations, river erosion, reservoir volume
fluctuations and gravitational forces appear to be the primary driving factors. While pre-
cipitation seems to have a minimal direct effect. It may still influence deformation patterns
when interacting with other environmental factors. Specifically, the combined effects of
rainfall, river erosion and reservoir water level changes may contribute to a more complex
and seasonally modulated landslide behavior. These findings underline the need for continu-
ous monitoring of the area to ensure the long term stability of both the landslide zone and
the dam structure.

It is acknowledged that a comprehensive interpretation of dam and slope deformation
ideally requires the integration of geological, geomorphological, and seismic background
data. However, such information was not available for the Kurtun Dam region during the
study period. Despite this limitation, the current analysis focuses on detecting and monitor-
ing surface displacement using high-resolution InSAR techniques and conventional geo-
detic observations. The study thereby emphasizes the observed kinematic behavior rather
than the full geotechnical mechanisms underlying the detected movements. Future research
efforts incorporating subsurface investigations, geological mapping and seismic hazard
analysis are essential for a more holistic assessment of slope stability and dam safety.

This study also highlights the advantages of integrating multiple remote sensing
approaches to identify and characterize active landslides. The established interpretive
framework presented herein facilitates the detection and mapping of unstable slopes across
the Harsit Valley. Further field investigations and InSAR analyses should be conducted in
parallel to estimate the volume of mass that may detach and potentially reach the reservoir
basin. Evaluating the potential impact of mass movement into the reservoir, including the
risk of wave overtopping or structural stress on the dam is crucial. Additionally, the poten-
tial displacement or reconfiguration of the rock-fill foundation should be assessed in the
event of sudden hydrodynamic loads.
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