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SUMMARY

This study presents the possibility of using SAR satellite data for long-term monitoring of changes in
the surface water, combined with optical multispectral images Sentinel-2. Also, it aims to demonstrate
the suitability of satellite SAR and multispectral data implementation for watercourses mapping caused
by inundation processes in their catchment area. The Sentinel-1 image processing procedures used
assess the relevancy of using a vertical-vertical (VV) polarization configuration for documenting water
bodies. The extracting process of water bodies is based on the "Otsu" determination of threshold values.
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Introduction

Rivers, lakes, and water reservoirs with evident seasonal variations are typically representatives of surface
water bodies (Yue et al., 2020). Documenting changes in these surface water bodies can be used to map
flooded areas with sufficient spatial and temporal resolution. Analysing the spatial extent and temporal
pattern of flood inundation from remotely sensed imagery is of critical importance to flood mitigation and
management (Tran et al., 2019). The ability of SAR (Synthetic Aperture Radar) backscattered and emitted
radiation to penetrate the atmosphere under any conditions, prefer this type of data for water surfaces
monitoring. The surface reflectivity measured by radar imagery (also known as the radar backscatter
coefficient c0) is a function of the radar system parameters (such as the frequency, polarisation, incident
angle) and the surface parameters (such as the topography, roughness, dielectric properties of the medium,
moisture, and others) (Lee and Pottier, 2017; Dabiri et al., 2020). For the detection of temporarily flooded
areas, SAR-based techniques include simple approaches, such as manual determination of backscattered
threshold values (Chapman et al., 2015), automatic segmentation of threshold values (Pulvirenti et al., 2013),
cluster algorithms (Schlafer et al., 2016), or supervised and unsupervised rule-based classification (Evans et
al., 2014). Based on (Ryu et al., 2002), it is possible to say that the extraction method based on the calculation
of the spectral index of water is a reliable, effective, and optimal tool for mapping water bodies and their
changes. Water index transformation is a band-ratio method that uses two bands from a multispectral image
and takes advantage of the differences in the spectral response of different land-cover types (Sun et al., 2012).
The use of the water index is currently accepted to enhance the differences between water and non-water
bodies based on combinations of two or more spectral bands using various algebraic operations (Yang et al.,
2018). This paper aims to assess the use of Sentinel-1 SAR satellite images and Sentinel-2 multispectral
satellite images to identify the extent of surface changes in water bodies. It focuses on changes caused mainly
by inundation processes due to sudden changes in climatic-meteorological conditions.

Study Area

The Bodrog River is a river located in eastern Slovakia in the East Slovakian lowland. This river begins as
the confluence of two rivers: Ondava and Latorica, near the Zemplin and the Svitd Maria municipalities.
The flow of the Bodrog continues to the southwest towards Hungary. The length of the Bodrog river is 67
km, while the mouth of the Bodrog is in the Hungarian river Tisa, near the town of Tokaj. For the Bodrog
basin, significant differentiated precipitation throughout the year is typical. Specifically, the highest annual
precipitation of around 1000 mm/year is typical for the Vihorlat mountains and their surroundings. On the
contrary, some areas of the East Slovak Lowland have the lowest total annual precipitation, with an
approximate value of 550 mm/year. Regarding the hydrological conditions from December 2017 to February
2018, the precipitation was above the annual average - the same interval chosen for the research. The research
is carried out in three locations of the area of interest.

Methodology and Data

As for the methodology, the water surface extraction from SAR images consists of several processing steps.
The first is the application of orbital files to obtain accurate information about the orbit, i.e., position and
speed of the satellite. The orbit file application can improve geocoding and get more accurate processing
results. In the next step, it was necessary to eliminate the thermal noise from the SAR image, which arises
from the low-energy backscattered SAR signal. After then, radiometric calibration was used, which is an
important step is also the conversion of SAR image intensity to Sigma 0O values (Chen et al., 2020). Radar
noise filtering is also important in SAR image processing. The final step in the pre-processing of Sentinel-1
GRD products is the application of Doppler terrain correction to eliminate topographic distortions using a
DEM digital elevation model and to transform SAR images into a cartographic projection (Bayanudin and
Jatmiko, 2016). The next part of processing is obtaining information about water objects from optical images
through spectral indices based on the mathematical principle. The most popular spectral index for the
extraction of water surfaces is the Normalized Difference Water Index NDWI (McFeeters, 1996). Another
tool for determining water areas is the Modified Normalized Difference-Water Index MNDWI (Xu, 2006),
which uses the visible green light and the Short-Wave Infrared Radiation SWIR for the calculation due to
the more intense absorption of SWIR radiation compared to NIR. The Automated Water Extraction Index,
which consists of two separate indices AWEInsh, and AWEIsh, was developed in 2014. The advantage of
these indexes is to effectively eliminate non-water pixels, including dark built surfaces in areas with an urban
background (Feyisa et al., 2014).
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As for the data structure, the Sentinel-1 mission is a constellation of two polar-orbiting satellites (Sentinel-
1A and Sentinel-1B), which operate day and night, sensing with a C-band Synthetic Aperture Radar
instrument operating at a central frequency of 5.405 GHz, allowing for the acquisition of imagery regardless
of weather and illumination conditions (Filipponi, 2019). This research used Ground Range Detected GRD
product-level data (without phase information). All used SAR images had a spatial resolution of 10 m x 10
m / pixel and polarisation configuration types of VH and VV. As for the optical remote sensing data, the
usage of free available multispectral satellite data with a high spatial resolution is useful (Pekel et al., 2016).
These data include multispectral images from the Sentinel-2 satellite (Du et al., 2016; Yang et al., 2017),
useful for surface water mapping. On the other hand, the resulting images from the Sentinel-2 satellites
contain cloud spectral bands. It is necessary to eliminate them in data processing. For this reason, the Google
Earth Engine (GEE) cloud platform code editor, available at code.earthengine.google.com, were chosen to
obtain the ideal data products.

Results

For comparison SAR calibration threshold results, the intensity of pixels was used, converted into the
backscatter coefficient expressed in decibels (dB). The following image displays minimal differences
between VV and VH polarisation before and during flood activity, from —27 to —23 dB for VH polarisation
and from —26 to —20 dB for VV polarisation (Figure 2). Results of intensity values show that the VV
polarisation is mainly influenced by the heterogeneity of the environment, especially by the terrain
roughness. When observing the extent of water under VH polarisation, the snow cover in the winter months
influences the results. Also, the results are influenced by irrigated soil due to prolonged rainfall and melting
snow in the spring months.

Intensity before flood VV

Intensity before flood VH
-20 Intensity after flood W
-25 Intensity after flood VH

INTENSITY (DECIBELS)

01234567 8 910111213141516171819202122232425
NUMBER OF CONTROLLGROUND POINT (GCP)

Figure 2 Graph representing backscattered intensity before and after the flood for VH and VV
polarisation configuration

If we take a closer look at VH and VV polarization comparison in the interval 02/2018, it is clear that areas
with higher soil moisture can be identified better when using the VH configuration. However, open water
areas are more pronounced in the VV configuration, which was also confirmed by (Rao et al., 2019). Thus,
there are fewer misclassified wet soil pixels than water bodies with VV configuration, as validated by the
User Accuracy results (Figure 3) and (Clement et al., 2017). Based on the results, it is possible to say that
the VV polarization has a better potential to identify partially flooded formations, which can be useful in
flood damage assessment.

Temporal Interval Locality Polarization Type PA [%0] UA [%0] OA [%] Kappa

WV 774 857 897 0.789
L1
VH 796 783 811 0737

A 824 90.2 952 0874
February 2018 L2
VH 846 2363 949 0397

vV 249 93.1 98.6 0.917
L3
VH 283 7.4 97.6 0.899

Figure 3 The comparison of accuracy evaluation of water bodies extraction using VV and VH polarisation
configuration in 02/2018

For a comparison of the water body extraction was most appropriate to select the area in locality L2 with all
the elements influencing the values of the water pixels. These are primarily specific locations with a high
number of shady places, high albedo values, and the presence of urbanized areas. Of course, the extraction
comparison was carried out over a flowing river and also stagnant water in a death bed, partially covered by
low vegetation. The obtained numerical results show differences in the resulting water masks areas in terms
of the extent of water surfaces, specifically in the range from 2.6 to 2.8 km? (Figure 4). A difference in the
range of 0.2 km?2 represents the maximum interval range.
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Spectral Index Type Number of Water Pixels Extend of Water Bodies [km?]

NDWI 26,212 2621
MNDWI 27,789 2777
AWElnzn 28,239 2824

AWEl, 26,571 2657

Figure 4 Numerical comparison of water masks pixels and extend of water bodies by four spectral indices
in the selected area

From the obtained values, it is clear that the slightly overestimated results for the AWEInsh index. That is
probably due to the presence of shadows in the images. If we look at water body extraction using the NDWI
and AWEIsh water index, we can see little differences a few tens of square meters. This phenomenon is the
same for other compared images in another temporal interval also in localities L2 and L3 (Figure 5).
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Figure 5 The resulting numerical evaluation of the extent of water areas in locality L2
Discussion

Using Sentinel-1 SAR imagery to extract water surfaces shows strong backscatter contrast. This phenomenon
is characteristic of water bodies without significant surface waves, for instance, continental water bodies and
river systems. Elimination and correction of these effects can be implemented using geometric and
radiometric correction) and SAR noise filtering is also important. Post-comparisons of the different
parameters show that the use of a polarisation configuration of the VV has a more pronounced effect on the
backscatter values from the water surfaces with the presence of vegetation due to the double-bounce effect.
The size of the used window during eliminating SAR noise reduces the image resolution quality. Therefore,
3x3 can be considered the most suitable size. When testing filtering tools, the most suitable option appears to
be Lee filtering. Thanks to it, there is a sufficient exclusion of false positives. The threshold segmentation
method, based on Otsu algorithm, represents a suitable way of interpreting the results. As for the Sentinel-2
MSI data, using these data for water extraction is also characterized by several drawbacks. Most significant
is the presence of clouds. Specifically, in the period 12/2017, all available images contained an excessive
cloud cover. Due to subsequent insufficient cloud filtering, these data products were excluded. Increasing
noise values due to image processing can be considered as another disadvantage. An appropriate step,
therefore, seems to be the comparison of several spectral indices for water extraction and their results for the
site of interest. Another disadvantage can be the reflectivity of the signal from the bottom in areas of shallow
stagnant water. This phenomenon thus significantly distorts the resulting values.
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