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Abstract: In April 2024, northern Oman experienced an
extreme flash flood triggered by rainfall totals exceeding one
to two years of the regional average within 24 h. This study
evaluates the performance of three remote sensing ap-
proaches for mapping flood-activated channels: Sentinel-2
Tasseled Cap Transformation (TCT) Brightness, Sentinel-1
Amplitude Change Detection (ACD), and Sentinel-1 InSAR
Coherent Change Detection (CCD). Multi-temporal optical,
SAR amplitude, and SAR coherence datasets were processed
and compared with hydrological terrain indices derived
from TanDEM-X elevation data. Results show that CCD pro-
vided the clearest and most spatially consistent delineation
of flood channels, unaffected by cloud cover and less prone
tonoise than ACD, while integrating changes over time into a
single product. Inside flow channels, coherence difference
was shown to drop by up to 0.6 and being considerably lower
than during stable conditions. TCT effectively highlighted
bleaching of alluvial deposits under clear-sky conditions,

*Corresponding author: Tobias Ullmann, Department of Remote
Sensing, Julius-Maximilians University of Wiirzburg, 97074, Wiirzburg,
Germany, E-mail: tobias.ullmann@uni-wuerzburg.de. https://orcid.org/
0000-0002-6626-3052

Laura Obrecht, Department of Remote Sensing, Julius-Maximilians
University of Wiirzburg, 97074, Wiirzburg, Germany. https://orcid.org/
0009-0003-7567-3998

Johannes Low, Department of Geoecology, Martin Luther University Halle-
Wittenberg, 06120, Halle, Germany. https://orcid.org/0000-0001-8731-7534
Simon Plank, German Remote Sensing Data Center, German Aerospace
Center (DLR), 82234, Wessling, Germany. https://orcid.org/0000-0002-
5793-052X

Ahmed Hadidi, Department of Applied Geosciences, German University of
Technology GUtech, Muscat, Sultanate of Oman. https://orcid.org/0000-
0002-5349-9154

Wahib Sahwan, Leibniz Centre for Agricultural Landscape Research (ZALF),
15374, Miinchberg, Germany. https://orcid.org/0000-0002-6503-5525

and ACD proved most useful where flooding persisted at the
time of acquisition. The combined analysis demonstrates
that CCD, supported by optical and terrain data, offers a
robust and transferable method for post-event flood map-
ping in arid regions. Its compatibility with Sentinel-1’s
acquisition strategies makes it a practical tool for pre-
liminary flood mapping and post-event assessment, espe-
cially in the context of increasingly frequent extreme
rainfall events.

Keywords: flashflood; InSAR coherence; sentinel-1; Oman;
tasseled cap transformation; hydrologic terrain analysis

1 Introduction

From 13 to 16 April 2024, northern Oman and the United
Arab Emirates experienced an unprecedented flash-flood
event, with localized rainfall totals equivalent to one to two
years of average precipitation, resulting in widespread
infrastructure damage and significant loss of life [1]. Ana-
lyses of the event’s synoptic and climatic drivers identified
a rare combination of tropical-extratropical interactions
as key triggers. Attribution studies further indicate that
anthropogenic climate change likely intensified the rainfall
[2-4]. The Arabian Peninsula is among the regions likely to
experience a significant increase in future precipitation
extremes [5].

In Oman, flash floods caused at least 20 fatalities,
extensive damage to infrastructure, and significant disrup-
tion to daily life. Despite forecasts and early warnings, the
rapid onset and magnitude of the flooding exceeded the
capacity of existing flood control structures, including
recharge dams. The Wadi Ahin Dam in the Wilayat of Saham
in Al Batinah North Governorate suffered a breach during
the event. The average rainfall in the Wadi Ahin watershed
has reached 155 mm on April 16, which exceeded the storage
capacity of the dam, resulting in damage to the dam spillway
[6]. The event also revealed shortcomings in satellite-based
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rainfall estimates and hydrological models, partly due to the
sparse distribution of rain gauges for calibration [1].

The steep terrain, sparse vegetation and dense network
of wadis make Oman particularly susceptible to flash floods.
In such arid coastal catchments, intense rainfall generates
high-energy runoff that converges toward outlet areas, often
carrying high sediment loads from upstream erosion. These
processes increase flood destructiveness and threaten agri-
cultural areas and infrastructure [7, 8]. Mapping the acti-
vated flow channels is crucial not only for understanding
sediment dynamics but also for improving flood risk man-
agement, urban planning, and flood susceptibility validation
[9]. Furthermore, physical characteristics of the stream,
including the length of the stream, the number of stream
sub-orders, stream depth, slope degree, and the soil type are
associated with the degree of damage [10].

Satellite remote sensing offers valuable tools for flood
mapping, especially in regions with limited ground obser-
vations. However, optical data such as Sentinel-2 imagery
are often hindered by cloud cover during flood events.
Synthetic Aperture Radar (SAR), such as Sentinel-1, enables
all-weather monitoring and has been widely applied for
flood extent mapping using co-event backscatter changes
[11, 12]. Yet, SAR intensity approaches face limitations in
complex environments: urban structures create geometric
distortions [13], vegetation introduces volume scattering
[14], and the transient nature of flash floods often means
that their surface water signal disappears before the next
satellite overpass.

Interferometric SAR (InSAR) coherence offers a com-
plementary and highly sensitive method for detecting
subtle surface changes at the subpixel scale. In arid and
hyper-arid regions, where vegetation is sparse, coherence
loss can effectively reveal flood-induced soil disturbances
and channel activation that may not be captured by SAR
intensity or optical imagery. While InSAR coherence has
been applied to diverse fields such as urban flood mapping
[15], permafrost monitoring [16], crop phenology [17], and
geomorphology [18], its potential for flash flood channel
mapping in desert environments remains underexplored
[8, 19-21].

This study presents a workflow for mapping flood-
activated channels in selected catchments in Oman using
Sentinel-1 InSAR coherence time series. We compare the
derived channel network with hydrological features from
TanDEM-X elevation data and optical indicators from
Sentinel-2 imagery. By evaluating the performance of InSAR
coherence against SAR amplitude and multispectral
methods, we aim to assess its added value for understanding
catchment hydrodynamics and supporting flood risk miti-
gation in arid environments.
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2 Study area

Oman lies in an arid to hyper-arid climate zone, character-
ized by very low annual rainfall and strong interannual
variability. Heavy rainfall events are rare, which increases
uncertainty in hydrological assessments. The northern part
of the country is dominated by the Hajar Mountains,
extending for approximately 700 km and reaching eleva-
tions up to 3,009 m. This mountain system features steep
slopes, deeply incised wadis, narrow canyons, and terraced
landscapes. The geomorphology makes the region highly
susceptible to flash floods when sudden, intense rainfalls
occur.

Due to the arid climate, only about 2.5 % of Oman’s soils
are suitable for agriculture. The Batinah Plain, located along
the Gulf of Oman, contains roughly half of this agricultural
land. The soil is composed of calcareous sand and silt, and
gravels eroded from the peridotite Hajar Mountains. Alluvial
deposits in this region increase in thickness toward the
coastline [22, 23]. Wadi systems typically transition from steep,
confined channels in the mountains to branching alluvial
channels, eventually terminating in flat alluvial plains with
diffuse flow paths. These channels are dynamic, prone to shifts
during high-flow events, and floodwaters often deposit thin
layers of chalky material and clay on the floodplain [24, 25].

Oman exhibits a strong precipitation gradient, with
annual rainfall of around 100 mm along the coast and up to
300 mm in the Hajar Mountains [26, 27]. April is typically the
wettest month in the mountains, receiving an average of
around 40 mm. Surface runoff is often triggered by precip-
itation events exceeding 5-15 mm, as rainfall is generally
intense and short-lived, infiltration rates are low, and
vegetation interception is minimal [25]. The impact of rain-
drops on bare soils can form crusts that further reduce
infiltration capacity. Despite the hazard of flash floods, these
rainfall events are critical for groundwater recharge, which
sustains water supply in northern Oman.

In addition to seasonal rainfall, the country is exposed to
tropical cyclones, particularly affecting coastal areas from
Muscat to Salalah. The frequency of these events has
increased from approximately two to six per decade since
1961. However, projections for future tropical cyclone ac-
tivity in the region remain uncertain due to the complex
interplay of climatic drivers [10, 28].

3 Methods

This study combines multi-source satellite remote sensing
and terrain analysis to detect and characterize flood-
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activated channels following the April 2024 flash-flood event
in northern Oman. We used optical, radar, and elevation
data from the Sentinel-2, Sentinel-1, and TanDEM-X missions,
applying complementary processing approaches. A sum-
mary of the satellite data used is available in Table 1. (i) First,
Sentinel-2 multispectral imagery was processed to detect
surface changes such as bleaching effects in floodplains,
using Tasseled Cap Transformation (TCT) on cloud-masked
reflectance data. (ii) Second, hydrological terrain parame-
ters — flow accumulation and the Topographic Wetness In-
dex - were derived from the TanDEM-X 30m Digital
Elevation Model (DEM) to identify potential flow paths and
water accumulation zones. (iii) Third, Sentinel-1 Ground
Range Detected (GRD) data were analyzed using Amplitude
Change Detection (ACD) between pre- and post-flood periods
to highlight areas with significant change in radar back-
scatter. (iv) Finally, Sentinel-1 Single Look Complex (SLC)
data were processed to generate interferometric coherence
images (InSAR), allowing for Coherent Change Detection
(CCD). This enables the identification of subtle flood-induced
surface disturbances at the subpixel scale. CCD was based on
a multi-temporal stack of Sentinel-1 SLC data, with specific
pre-, co-, and post-event acquisitions selected to minimize
temporal decorrelation unrelated to the flood. The integra-
tion of these methods enables a cross-comparison of optical,
SAR amplitude, and InSAR coherence products for detecting
flood-affected channels. The complete workflow is depicted
at the end of this section in Figure 1.

3.1 Sentinel-2 analysis

Sentinel-2 data covering the study area acquired on 17 and 22
April 2024 were accessed via the Google Earth Engine (GEE)
Python API, using the harmonized Sentinel-2 Surface
Reflectance Collection. Cloud masks derived from the
Copernicus Sentinel-2 Cloud Probability dataset were
applied in a subsequent step. To enhance the visibility of
flood-induced surface changes, particularly bleaching in al-
luvial plains, we applied TCT using coefficients for the six
Sentinel-2 MSI bands [29]. The resulting indices (i.e., Tasseled

Table 1: Satellite datasets used in this study and the associated analysis
performed.

Dataset Analysis Acquisition date
Sentinel-2 MSI TCT brightness 17, 22 April 2024
Sentinel-1 GRD ACD 26 March, 19 April 2024
Sentinel-1 SLC CCD 26 March, 7,19 April 2024

TanDEM-X 30 m
EDEM

TWI, flow accumulation -
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Cap Brightness) were visually inspected to identify areas
affected by the April 2024 flash flood.

3.2 Hydrological terrain analysis

Hydrological parameters were calculated from four Tan-
DEM-X 30 m Edited DEM (EDEM) tiles covering the study
area, obtained from the DLR Geoservice Platform. The tiles
were mosaicked, reprojected to the study’s coordinate
reference system, and processed in SAGA GIS 9.7.1 to derive
Flow Accumulation and the Topographic Wetness Index
(TWI) employing standard toolchains [30]. These layers
provide topographic estimates on potential flood pathways
and support the interpretation of both optical and radar-
derived change maps. Earlier research has pinpointed TWI,
along with other terrain indices, as a useful tool in identi-
fying regions in Oman that are susceptible to flash flooding
[9].

3.3 Sentinel-1 amplitude change detection
(ACD)

Sentinel-1 GRD imagery was processed in GEE using the pre-
processed S1_GRD collection, which includes thermal noise
removal, radiometric calibration, and terrain correction.
Two mosaics of VV-polarized backscatter were generated:
one pre-flood (26 March 2024) and one post-flood (19 April
2024). ACD was calculated by subtracting the pre-flood
mosaic from the post-flood mosaic, highlighting areas with
significant changes in surface backscatter attributable to
flooding.

3.4 Sentinel-1 InSAR coherence change
detection (CCD)

A total of 40 Sentinel-1 VV/VH Single Look Complex (SLC)
scenes (relative orbit 57) were downloaded from the Alaska
Satellite Facility. Unlike GRD products, SLC data preserve
both amplitude and phase information, enabling interfero-
metric analysis. The study area is covered by two SLC tiles,
that were processed using a hybrid workflow combining the
pyroSAR PythonAPI [31] and the Sentinel Application Plat-
form (SNAP) [32], integrated within an Open Data Cube
environment for streamlined data management [33]. The
scenes were debursted with the S1 TOPSAR Deburst in SNAP.
Interferometric coherence processing included multi-
looking (1 azimuth x 4 range looks) and Range-Doppler
Terrain Correction. For the coherence estimation, flat-earth
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Figure 1: Flowchart showing data processing steps from Sentinel imagery and DEM to flood mapping.

and topographic phase removal was incorporated using a
3 x 11 pixel moving window (azimuth x range) producing
coherence at a 20 m pixel spacing [16].

We initially applied two complementary coherence-
based processing strategies to exploit the full Sentinel-1 SLC
archive for the study area. (i) To characterize the natural
spatio-temporal variability of interferometric coherence and
to identify surfaces with persistently low coherence (e.g.,
sand, dense vegetation, radar shadows), we processed one VV-
polarized SLC acquisition per November from 2015 to 2023.
These acquisitions, each separated by approximately one
year, were combined into interferometric pairs with long
temporal baselines. Coherence images were generated
following the workflow described in [34]. From the stack of
long temporal baseline coherences (pairs 2015/2016, 2016/2017,
...) temporal features (minimum, maximum, mean, median,
standard deviation, quartiles) were derived for each pixel.
This long-term coherence stack serves as a reference for
interpreting short-term changes during the April 2024 flood.
(i) To isolate and analyse flood-induced surface changes, we
used a short (12 days) temporal baseline approach centred on
the 15 April 2024 flooding. Three Sentinel-1 VV/VH acquisitions
were selected: pre-event (t; = 26 March 2024), intermediate/
pre-flood (t; = 7 April 2024), and post-event (t3 = 19 April 2024).
Interferometric coherence was calculated for the pre-disaster
pair (ty/t) and the co-/post-disaster pair (t,/ts). The coherence

values of an image pair reach from 0 (low coherence) to 1
(high coherence). The coherence difference was computed as:

Coherence Difference = COH (t,, t3) — COH (t;, t5)

The short temporal baselines minimize decorrelation
unrelated to the flooding, increasing sensitivity to fluvial
activity and sediment redistribution. Although we initially
tested masking known low-coherence areas from the long-
term analysis (i), we ultimately based the main analysis on
the direct pre-post event coherence difference, which yiel-
ded a clear and interpretable depiction of flood-induced
surface changes. This simplified approach ensured that no
flood-related surface changes would be overlooked by
masking parts of the image. As a reference, we compared the
coherence difference image of the event to the coherence
difference during a flood-free period (¢, = 2 January, t, = 14
January and t; = 26 January 2024).

To quantitatively assess the robustness of the CCD-based
mapping, we conducted a threshold sensitivity analysis for
the coherence difference and TCT brightness values. For
both approaches, a range of thresholds was systematically
applied, and the resulting mapped area was expressed as a
fraction of the total analysis domain. This allowed direct
comparison of how sensitive each method is to threshold
selection. Threshold-area fraction relationships were then
plotted for coherence difference and TCT brightness to
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evaluate internal consistency and relative stability across
the tested parameter space.

4 Results

The results are presented in four steps: (i) Sentinel-2-based
TCT, (ii) Sentinel-1 backscatter analysis via ACD, (iii)
Sentinel-1InSAR CCD, and (iv) combined interpretation with
hydrological terrain metrics.

4.1 Sentinel-2 analysis

Figure 2 shows the TCT Brightness for mosaics acquired on
17 April (left) and 22 April 2024 (right). Despite extensive
cloud cover on 17 April, numerous runoff channels are
visible in green-orange tones, indicating elevated bright-
ness relative to the surrounding terrain. The inset in the
lower left highlights the breach of the Wadi Ahin Dam
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(cf. Section 1), where fine green flow channels contrast
against the low-brightness background. In the eastern
portion of the study area, imaged on 22 April, water had
largely drained, but the flood-affected areas exhibit higher
brightness values than before, with major bleaching visible
in orange to red. The inset in the upper right shows the
Wadi Maawil and Wadi Bani Kharous catchments, where
flow channels feeding into the dam are clearly identifiable.
Unimpeded water to the left of the dam reached inhabited
coastal zones.

4.2 Sentinel-1 amplitude change detection

The Sentinel-1 ACD results (Figure 3) display the difference
between post-flood (15/22 April) and pre-flood (17/29 March)
VV backscatter. Most areas show minimal change (white to
pale red/blue and values around 0), but distinct amplitude
anomalies are visible in selected locations. The dam breach
(cf. Section 1) is evident in the lower-left inset: the reservoir

Figure 2: Map highlighting flooded areas in green/orange using Sentinel-2 brightness data post-flood.
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Figure 3: Map showing flood extent in blue and red from Sentinel-1 amplitude change pre/post-flood.

area shows a positive amplitude change, while the up-
stream channel has a negative change. Coastal dams appear
in blue, reflecting lower post-flood backscatter from open
water. Some flow channels are faintly visible as light-red
streaks, especially along the coastline. In the Wadi Bani
Kharus catchment, stronger negative changes occur in the
alluvial fan area, but the complex backscatter pattern
hampers clear channel delineation, unlike in the Sentinel-2
TCT imagery.

4.3 Sentinel-1 InSAR coherence change
detection

Figure 4 presents the CCD results derived from short-
baseline interferometric pairs (26 March/7 April and 7 April/
19 April 2024). Negative coherence differences (red) indicate
flood-induced surface disturbance, whereas positive values
(blue) occur along mountain slopes (most likely) due to
geometric effects and radar shadowing. A fine network of

high negative coherence difference flow channels extends
along the entire coastline, connecting mountain slopes to
inhabited downstream areas. The strongest losses in coher-
ence (up to —0.95) occur near the dam breach, while smaller
channels exhibit more moderate decreases (around -0.5
to —0.8). Compared with coherence differences during a
stable period (Figure 5), flood-time values are evident and
clearly visible. At approximately 5km from the coast, the
clear signal of the coherence difference is obscured, as the
landscape is dominated by agricultural fields and settle-
ments. This phenomenon is also evident during the stable
period (see Figure 5), where the difference is approximately
zero on the plains, in contrast to the coastline, where no
distinct signal can be discerned.

4.4 Combined hydrological analysis

The Topographic Wetness Index (TWI) derived from the
TanDEM-X DEM (Figure 6) highlights the terrain’s likelihood
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Figure 4: Map of coherence loss in red indicating flooded areas post-event.

to accumulate water. Low TWI values (orange) dominate
steep mountain areas, while higher values (blue) occur in the
coastal plain. Key flood channels identified in Sentinel-2 and
Sentinel-1 analyses align closely with high-TWI corridors.
Notably, the dark-blue channel in the lower left map corre-
sponds to the dam-breach path seen in the CCD (Figure 4) and
TCT (Figure 2) images. Similarly, in the Wadi Maawil and
Bani Kharous catchment, high-TWI channels match the main
flood pathways. Figure 6 shows a cross-section of the two
catchments, as located in Figure 4: during the flood (black),
coherence drops sharply at x = 4,000 and x = 12,000, coin-
ciding with peaks in TCT Brightness (green). In Figure 4,
these sharp drops can be recognised as flow channels
crossing the cross-section vertically. The co-event coherence
difference is up to 0.6 lower than during the stable condi-
tions. Stable-period differences (grey) remain within the
range of the coherence difference standard deviation for the
entire cross-section, while the flood-affected coherence dif-
ference is significantly lower for the entire profile, symbol-
ized by the red fill between the coherence profiles. Only a
limited number of components of the profile are colored

blue, thereby signifying that the stable coherence is found to
be lower than the flood-affected coherence. As illustrated in
Figure 7, high Flow Accumulation values (>10%, represented
by blue bars) correspond to the drops in coherence and
peaks in TCT Brightness. This is especially evident for the
coherence drop at x = 4,000.

Both CCD and TCT exhibit a similar relationship be-
tween threshold value and mapped area fraction, visual in
Figure 8. At low thresholds, large portions of the study area
are classified, followed by a transitional regime character-
ized by a rapid change in area fraction over a narrow
threshold range. At higher thresholds, the curves approach
minimal mapped areas, indicating increasingly conservative
classification. This suggests comparable sensitivity behav-
iour between CCD and TCT.

5 Discussion

This study evaluated the suitability of optical, SAR ampli-
tude, SAR coherence, and terrain-based products for
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Figure 5: Map showing stable coherence values across landscape during non-flood period.

mapping flood-activated channels after the April 2024 flash
flood in northern Oman. Each data source exhibited distinct
strengths and limitations. The Tasseled Cap Transformation
(TCT) applied to Sentinel-2 imagery successfully highlighted
flood-affected surfaces, with the bleaching of alluvial de-
posits emerging as a particularly effective indicator for
channel mapping. This bleaching effect was especially
valuable for differentiating active flow paths from sur-
rounding terrain and is consistent with findings by [18], who
demonstrated similar utility of post-flood spectral changes in
arid regions. However, TCT’s operational use was con-
strained by extensive cloud cover during the event, which
limits its suitability for systematic or near-real-time moni-
toring. Under clear-sky conditions, it remains a powerful
supplementary dataset for interpreting SAR-derived prod-
ucts and validating flood extent maps.

Amplitude Change Detection (ACD) from Sentinel-1 GRD
data, unaffected by cloud cover, produced comparatively
noisy outputs, which complicated the clear delineation of
channels. Nevertheless, the method is particularly well-

suited for regions where flooding is still present at the time
of satellite overpass, as standing water produces distinct
backscatter signatures that enhance detectability [11]. Given
its rapid computation and minimal pre-processing re-
quirements, ACD remains a practical first-look product for
emergency response, even if its accuracy is lower than that
of more advanced methods.

Coherence Change Detection (CCD) from Sentinel-1 SLC
data provided the clearest and most consistent delineation
of flood-activated channels. Its main strength lies in inte-
grating changes over time into a single product, capturing
both immediate and short-term post-flood disturbances.
This temporal integration not only creates a comprehen-
sive picture of the flood impact but also offers potential
advantages for validating hydrological and hydraulic
models, where cumulative channel activation patterns are
important for model calibration. Like ACD, CCD requires
pre- and post-event acquisitions, which can delay product
availability, but being unaffected by clouds and well
interpretable, makes it an invaluable tool for post-event
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Topographic Wetness
Index

Figure 6: Map of wetness potential with high values in blue along rivers and wadis.

analysis. The main limitations of CCD occur in areas with
complex topography, where geometric distortions can
obscure change signals, and in landscapes that do not
produce a stable, coherent return, such as dense vegetation
or shifting sand. In coastal agricultural zones, rapid and
frequent land-management activities generate strong
decorrelation signals that are not related to hydrologic
forcing, making it difficult to uniquely attribute coherence
loss to flash-flood processes [17, 35]. Studies of CCD consis-
tently note that vegetation cover is a primary limitation, as
coherence may already be low during stable conditions,
making it difficult to distinguish between hydrologic
disturbance and normal canopy dynamics. On the other
hand, in dense urban fabrics, CCD can be oversensitive:
many non-hazard related changes cause decorrelation.
Studies that map floods in urban environments with
coherence require a more complex workflow, including a
priori information on urban masks to generate a stable
prediction of flood pathways [36].

For this reason, the combined use of long-temporal
baseline data to characterize background coherence and
short-temporal baseline data to detect event-related changes
is recommended. Still, the distinct drop in coherence
following the April 2024 flash flood made these additional
steps unnecessary. This highlights both the robustness of
short-baseline CCD in arid environments and the situational
role of long-term coherence statistics. In regions with denser
vegetation, such composites remain an important method-
ological complement for distinguishing true surface changes
from natural variability.

Hydrological terrain analysis based on the Flow Accu-
mulation and the Topographic Wetness Index (TWTI), derived
from the TanDEM-X DEM, proved most useful as a baseline for
assessing the correspondence between predicted and
observed flow pathways. However, there are important lim-
itations: extreme flood events of the magnitude observed in
April 2024 can alter channel morphology, meaning that the
DEM may not fully represent the current terrain
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Figure 7: Three line plots comparing coherence drop, brightness increase, and flow accumulation along flood channel profile.

configuration. Flash floods in arid basins can rapidly incise
channels, rework bars and avulse across alluvial fans, pro-
ducing significant morphological change in a single event [37].
Furthermore, the 30 m spatial resolution is insufficient for
detecting small-scale flow paths. Future applications could
benefit from higher-resolution and regularly updated eleva-
tion datasets, such as those generated from very high-
resolution optical stereo and airborne LiDAR, which would
allow for more precise modeling of flood pathways, albeit at a
higher acquisition cost [9]. The DEM acquisition predates
major flood events by several years, so the TanDEM-X 30 m
represents pre-event morphology, while post-event channels

may diverge substantially, making TWI and flow accumula-
tion maps increasingly misaligned with observed channel
paths. Integrating DEM-derived morphometrics with event-
based observations allow for identification of where DEM-
based channel predictions remain robust and where
morphological updating is required [38].

The SAR-based approaches tested here are transferable to
any region with adequate Sentinel-1 coverage, typically a 12-
day repeat cycle, provided that high-quality DEMs are avail-
able to reduce topographic artifacts in mountainous areas.
CCD was particularly effective in arid and hyper-arid regions
with sparse vegetation cover, where volume scattering is
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Figure 8: Scatterplot comparing coherence and brightness thresholds aga

minimal. In northern Oman, however, tracing channels
through vegetated coastal zones proved challenging due to
decorrelation caused by scattering from plant canopies.
Similar limitations are expected in more humid, densely
vegetated regions, where L-band data, from e.g., the ALOS-2/4
and the recently launched NISAR mission, should be used due
to their higher long-term coherence. Conversely, previous
studies have shown strong potential for C-band CCD in urban
environments, where stable man-made surfaces preserve
coherence well [39].

Our findings are consistent with earlier research
demonstrating the sensitivity of InSAR coherence to flood-
induced surface changes in arid landscapes, such as in
Libya, where CCD combined with Principal Component
Analysis was used to map erosion features after flash floods
[8]. Another study in the Draé Valley in southern Morocco
showed that coherence loss could be attributed to sediment
transport due to flash floods [21]. Comparable workflows
have also been applied in landslide detection [40], high-
lighting the broader applicability of CCD for rapid
geomorphological change mapping. Recent developments
in multi-temporal InSAR and coherence modeling for
disaster monitoring may further improve flood channel
mapping, especially when integrated with multi-sensor
datasets [41].

Detection threshold

inst area fraction, showing linear relationship.

While the sensitivity analysis does not replace inde-
pendent ground validation, it offers a pragmatic internal
benchmarking approach in data-scarce environments.
Future work could combine this analysis with targeted field
observations or very-high-resolution post-event imagery to
better constrain the optimal threshold range and assess
classification accuracy at feature-level scales such as chan-
nel width or deposit margins.

For Oman, the capacity to rapidly and accurately map
flood-activated channels has direct implications for disaster
readiness, infrastructure design, and water resource man-
agement. Detailed channel mapping can identify recurring
flood pathways for targeted reinforcement of dams, em-
bankments, and drainage infrastructure. It also enables
post-event evaluations of dam performance and highlights
areas where hydraulic capacity was exceeded. Such infor-
mation can inform urban planning in coastal plains, helping
to avoid settlement expansion into high-risk corridors [42].
Furthermore, accurate channel mapping can enhance the
calibration and validation of hydrological models under-
pinning early warning systems. Considering the increasing
likelihood of extreme precipitation events under climate
change, integrating CCD into operational disaster manage-
ment frameworks could significantly strengthen Oman’s
resilience to flash floods [43].
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6 Conclusions

In April 2024, northern Oman experienced an exceptional
flash flood triggered by rainfall exceeding one to two years
of the regional average precipitation within 24 h. This study
assessed the performance of Sentinel-2 Tasseled Cap Trans-
formation (TCT) Brightness, Sentinel-1 Amplitude Change
Detection (ACD), and Sentinel-1 InSAR Coherent Chance
Detection (CCD) for mapping the resulting flood-activated
channels. Among these, CCD produced the clearest and most
spatially consistent results, unaffected by cloud cover and
less prone to noise than ACD, while its temporal integration
of surface changes provided a more complete picture of
flood impacts. TCT offered valuable supplementary infor-
mation under clear-sky conditions, and ACD proved most
effective where standing water persisted at the time of
acquisition. The findings highlight CCD’s strong potential for
application in arid and hyper-arid regions, where sparse
vegetation supports high coherence stability. Its compati-
bility with Sentinel-1’s acquisition strategies makes it a
practical tool for preliminary flood mapping and post-event
assessment, especially in the context of increasingly
frequent extreme rainfall events.
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