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2- Earth Observation
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4- Vertical Transmit, Vertical Receive
5- Vertical Transmit, Vertical-Horizontal
6- Sentinel-1

7- Google Earth Engine

8- Landsat
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3- Synthetic Aperture Radar
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9- Normalized Difference Water Index

10- Modified Normalized Difference Water
Index

11- Automated Water Extraction Index

12- Near-Infrared

13- Short-Wave Infrared
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Figure 1- Geographical location of Karkheh watershed in the Khuzestan Province.
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15- Single Look Complex
16- Ground Range Detected
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17- StripMap mode

18- Interferometric Wide Swath mode
19- Extra Wide Swath mode

20- Wave mode

21- Descending
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Table 1- Characteristics of Sentinel-1 images used for flood zoning.

Gregorian Solar Direction of
No. Time period g Data type Beam mode sensor Polarization
calendar calendar
movement
1 Pre-agriculture ~ 2018.09.28- 1397.07.06- Vertical t it
season 2018.10.25  1397.08.03  Ground | . e o \ferr':;:;al :gg:irs'e'
2 Post-agriculture  2019.02.28-  1397.12.09 range wide swath Descendin (VV), Vertical
season 2019.03.25 1398.01.05  detected (w) g transmii-horizontal
3 During the flood 2019.03.28-  1398.01.08 (GRD) receive (VH)
2019.04.25  1398.02.05
Y- Fesoew ‘sbﬁ.,‘aﬁ Olasin -Y Jous
Table 2- Sentinel-2 image specifications.
. . Gregorian Solar Used spectral
No. Time period calendar calendar Data type Sensor bands
1 Post-agriculture 2019.02.28- 1397.12.09
season 2019.03.25 1398.01.05 Surface Multispectral B3, B8, B11,
. 2019.03.28- 1398.01.08  reflectance (SR) Imager (MSI) B12
2 During the flood 2019.04.25 1398.02.05
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Table 3- Area of water bodies extracted from

a combination of VV and VH polarization in
three different time periods.

Time veriod Flooded area Flooded
P (km2) area (%)

Pre-agriculture 1560 40.7

season

Post-agriculture 847 22.07

season

During the 974 25.37

flood
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Figure 2- Changes in the water bodies in three different periods based on VVV polarization.
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Figure 3- Changes in the water bodies in three different periods based on VH polarization
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Table 4- Area of flooded bodies using VV and
VH polarizations and combined method.
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Figure 4- View of flood in VV and VH polarizations and their combination
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Table 6- Thresholds calculated by Otsu

method for spectral water indices and area of
extracted water bodies.

Area of
water bodies
Threshold Threshold  without
Index r? ltur duringthe  permanent
agriculture flood water during
season floods
(km?)
NDWI -0.47 0.05 214
MNDWI 0.12 0.10 227
AEWI 0.14 0.19 126
Combined - - 62
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Table 5- Area of water body extracted from
combination of NDWI, MNDW!I, and AWEI
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Figure 5- View of the flooded area based on the spectral water indices.
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Table 7- Comparison of the flooded areas based on the combination of radar and optical data.

No. Comibination used Identified area (km?)
1 Combined radar 239
2 Combined optical 62
3 Common flood area in both methods 58
4 Agreement level between both methods 39 %
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Figure 6- Flood map obtained from combining radar and optical satellite images.
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Extended Abstract

Introduction and Goal

According to global statistics, floods affect more than 40 % of the world's population and cause
significant loss of life and property. In Iran, more than 80 % of cities are at risk of flooding.
Therefore, investing in preventive measures and advanced technologies to combat floods is
more necessary than ever. Preparedness and risk reduction before disasters could significantly
reduce the cost of post-disaster recovery. Accurate mapping and long-term monitoring of floods
play a key role in planning and prevention. One of the efficient tools for monitoring and
mapping floods in optimal disaster management is the use of satellite imagery. Although
Sentinel-1 synthetic aperture radar (SAR) images are useful for identifying flood areas in cloudy
conditions, this method also has limitations. The sensitivity of radar data to dense vegetation
and vertical structures may lead to under- or over-estimation of flooded areas. Besides, the
Normalized Differential Water Index (NDWI), Modified Normalized Differential Water Index
(MNDWI), and Automatic Water Extraction Index (AWEI) obtained from optical data in cloudy
or plant shadows may have errors and cause incomplete or incorrect identification of flood
areas. Therefore, the results obtained from both methods should be interpreted carefully, and
combining radar and optical data can reduce these limitations, but does not completely eliminate
them. Therefore, in this study, radar and optical data were analyzed and compared using remote
sensing indices related to the water spectrum, and flooded areas were identified in the Karkheh
watershed in Khuzestan Province.

Materials and Methods

In the Karkheh watershed, widespread and unpredictable flood occur in the months of March
and April 2019, which resulted in significant damage. Accordingly, an area of 3838.3 km? was
selected. In this study, three different methods were used to identify and analyze surface water
caused by flooding: (1) to detect changes, data from three time periods were used, including
pre-agriculture season (September 28 to October 25, 2018), post-agriculture season (February
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28 to March 25, 2019), and during the flood (March 28 to April 25, 2019). (2) SAR images
obtained from the Sentinel-1 satellite with VV and VH polarizations were processed using the
Refined Lee filter and the Otsu threshold algorithm to identify flooded areas. (3) To more
accurately extract surface water from optical images, spectral water indices including NDWI,
MNDWI, and AWEI obtained from the Sentinel-2 satellite were used. It is worth noting that
AWEI was available in two versions: shadowless for open areas and shaded to reduce the effect
of shadow in urban and mountainous areas, and the shadowless version was used in this study.
Finally, by combining the results from radar and optical methods and analyzing multi-temporal
variations, comprehensive maps of flood spread were produced and validated.

Results and Discussion

The results of this study showed that the performance of the VH polarization with a value of
254 km? was slightly better in detecting flood areas than the VV polarization with a value of
252 km2. With a combined method using both polarizations and only selecting areas with low
backscatter in both polarizations, 239 km? of flooded regions were identified. The Combination
of polarizations improved the accuracy and reliability of flood mapping and was superior to
optical data because the radar was insensitive to cloud cover and lighting conditions. The results
of temporal analysis of permanent and temporary water in the combined method (VV+VH) in
three periods revealed that water coverage was high (about 1560 km?2) pre-agricultural activities,
decreased to 847 km2 in late winter. Then increased to approximately 974 km2 during the flood
event. Despite lower water compared to the pre-agriculture period, a widespread flood occurred
due to intense, sudden rainfall and the limited land and infrastructure capacity. The largest area
covered by water was identified using MNDWI with an area 227 km?. While the AWEI, with a
value of 126 km?, with a more conservative approach, only areas with a very high probability of
surface water were identified. By combining all three spectral indices, an area of 62 km? was
identified as flood-prone areas. The variations between the indices are due to the differences in
spectral bands and sensitivity to water. Analysis of the results of the NDWI, MNDWI and
AWEI showed that the changes in permanent and temporary water extent during the flood were
significant, increasing from 98 km? to 324 km?. The Otsu thresholding method was effectively
applied to standardize and classify water areas across indices.

Conclusion and Suggestions

Based on the results of this study, it concluded that combining radar and optical data led to the
identification of 58 km? of flood areas, and there was a 39% overlap between the results of the
two satellites. Using this combination significantly increased the accuracy and reliability of
identifying flood-affected areas. Since changes in water extent do not only indicate the
occurrence or severity of floods, it indicates that hydrological and management factors play a
more important role in flood occurrence. Therefore, it is suggested that combined data, along
with environmental factor analysis, be used to develop early warning systems and crisis
management planning. In addition, using this method allows for periodic zoning of floods,
which is recommended for use in developing preventive measures, optimal flood management,
and agricultural planning.

Keywords: Flood management, flood mapping, Otsu algorithm, remote sensing indices, SAR
images
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