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Abstract

Introduction: Floods are among the most frequent and destructive natural hazards worldwide, causing
extensive socio-economic damage, infrastructure failures, and long-term environmental degradation.
Recent studies highlight a substantial rise in flood frequency and severity due to climate variability and
anthropogenic changes (Pralle 2019; Tellman et al. 2021). Although remote sensing has greatly
improved flood monitoring, each sensor type has notable limitations. Optical imagery provides long-
term spectral information but fails under cloud cover conditions and cannot detect inundation beneath
vegetation. Conversely, Sentinel-1 SAR imagery enables all-weather monitoring but struggles to
distinguish water from smooth urban surfaces or shadowed areas. These challenges underscore the need
for integrated radar—optical approaches supported by cloud-based geospatial platforms capable of rapid
and large-scale processing. The Dez River Basin in southwest Iran experienced an extreme flood event
in spring 2019 following prolonged drought, making it an important natural laboratory for assessing
flood dynamics in data-scarce regions. The main objective of this study is to analyze the spatiotemporal
evolution of the 2019 flood by integrating Sentinel-1 SAR, Sentinel-2 multispectral imagery, and
Google Earth Engine (GEE), to quantify flood extent progression, identify lag time relative to peak

discharge, and compare flood conditions with normal river states.

Methodology: This study integrates multi-source satellite data within GEE to delineate and analyze
the 2019 flood in the Dez River Basin. Pre- and post-flood Sentinel-1 GRD images (VV polarization,
IW mode, 10 m resolution) were selected based on acquisition date, orbit parameters, and data
consistency, as documented in the main manuscript. Radar backscatter differences between pre-flood
and post-flood images were computed to detect changes attributable to inundation. Pixels with a
backscatter reduction greater than 7 dB were classified as flooded, generating a binary inundation mask.
Flood polygons were then extracted, filtered, and their areas computed. To establish the natural river
extent for comparison, Sentinel-2 imagery from March 2019 was processed. The Normalized Difference
Water Index (NDWI) was calculated using the green (B03) and near-infrared (BO8) bands.
Unsupervised K-means clustering with three classes was applied in GEE to separate surface-water pixels
from vegetation and soil. The resulting polygons represented baseline water coverage under normal
conditions (Figure 6). The derived flood extents were compared temporally with the discharge
hydrograph obtained from the Dez Dam (Figure 7). Spatial overlays of flood layers for multiple dates
enabled tracking of inundation expansion, peak flood conditions, recession phases, and long-term water
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retention in low-lying agricultural areas. All computational workflows were implemented in GEE to
ensure reproducibility and large-scale processing efficiency.

Results and Discussion: The integrated workflow revealed significant spatial temporal variability in
inundation during the 2019 event. Under normal conditions, Sentinel-2 analysis showed that the river
covered 36.16 km?. Flood mapping from Sentinel-1 demonstrated an early-stage inundation of 51.8
km? on 1 April, corresponding to the initial rise in discharge. As discharge increased, flood extent
expanded rapidly, reaching 143.99 km” on 2 April. Although the hydrograph peaked above 3,200 m®/s
on 4 April, maximum inundation occurred several days later on 6 April (422.08 km?). This lag,
consistent with hydrological findings in other floodplain systems, highlights the limited conveyance
capacity of the Dez channel and the time-dependent lateral spreading of flow across the floodplain.
Compared with previous studies in which SAR-only or optical-only techniques were used, the combined
radar—optical approach in this study achieved superior delineation of waterlogged agricultural areas and
inundated zones beneath vegetation. The methodology also resolved misclassification issues commonly
reported in SAR-based flood mapping particularly over smooth urban surfaces and shadowed terrain by
referencing optical NDWI-derived baseline conditions. The temporal stacking of flood layers (Figures
7-8) showed that recession was slow; even by 26 April, inundation remained at 146.87 km?, nearly four
times the normal river extent. This persistent waterlogging aligns with earlier research emphasizing the
difficulty of post-flood drainage in topographically trapped lowlands. The results demonstrate clear
similarities with global SAR—optical fusion studies, yet this work provides new insight into flood lag
time, floodplain storage processes, and long-term inundation persistence in a major Iranian basin.

Conclusion: This article demonstrates that the integration of Sentinel-1 SAR, Sentinel-2 multispectral
data, and Google Earth Engine (GEE) offers a rapid and accurate framework for mapping flood extent
in data-limited basins. In the Dez River Basin, the 2019 flood expanded from 51.8 km” to over 422 km*
after peak discharge, indicating a marked temporal lag between the hydrological peak and maximum
inundation. Floodwater remained for several weeks, likely due to limited natural drainage and local
topographic depressions. These results underscore the need to strengthen floodplain management and
to incorporate hydraulic modeling and high-resolution elevation datasets in future flood-risk
assessments.
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