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Abstract
This study mainly has two significant aims; (1) investigating the efficiency of using freely available Sentinel-1 and
Sentinel-2 data to analyze flood events in Meriç River Basin and (2) determining the flood extent occurred in January,
2019. Flood events in Meriç River Basin are caused by both the overflow of Meriç River and heavy rain. Sentinel-1 (C
band) data acquired in interferometric wide swath (IW) mode and Sentinel 2 MSI images were used for the analysis.
Firstly, Sentinel-1 scenes were preprocessed. Then, normalized difference water index was derived from Sentinel-2 MSI
images. The thresholding technique has been performed for mapping flood inundation areas. The results yield that
microwave remote sensing data with the support of optical data have a great potential for flood inundation mapping
and monitoring for decision-makers and effective disaster management strategies.
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INTRODUCTION
Flood-related damages affected more than two billion people between 1998 and 2017 (WHO, 2020) and currently cause
an economic loss of USD 40 billion every year (OECD, 2016). Moreover, the number of floods has increased over time.
For instance, while the number of floods in European river basins was 11 between 1950-1959, this number rose to 64
between 1990-1999 (Barredo, 2006). In addition, various studies have revealed that human-induced climate change is
one of the factors that cause floods (Kundzewicz et al., 2013; Arnell and Gosling, 2014; IPCC, 2014). That is, since
climate change is very likely to be a significant threat in the future, it can be deduced that the number and damage of
floods will increasingly continue.
The facts that the number of floods tends to rise and that they will lead to serious losses reveal the importance of being
informed of the issue. Indeed, in order to develop effective responses and mitigate the consequences, several individuals
and organizations such as national and local governments, decision-makers, disaster managers, and the local community
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should have precise, accurate, and timely information regarding the extent of the floods (Mallinis et al., 2011;
Tsyganskaya et al., 2019). In this sense, remote sensing technology and implications are one of the most efficient and
cost-effective ways to generate accurate and fast flood mapping that can be used for assessments of flood damage, flood
hazard, flood risk and flood vulnerability (Mallinis et al., 2011; Dao and Liou, 2015; Delen et al., 2019).
For flood mapping, both optical and passive remote sensing sensors have been used in different studies. The water
surfaces can be extracted directly and reliably with the help of water indices like normalized difference water index
(NDWI) from optical remote sensing data. However, optical observations are limited by clouds and unclear weather
conditions (Shen et al., 2019).
In particular, microwave remote sensing becomes even more important since it is, unlike passive systems, capable of
monitoring day and night in all weather conditions. Since it can detect the flooded area on a large scale and independent
of borders without being affected by illumination and different weather conditions, Satellite Synthetic Aperture Radar
(SAR) is considered very effective and useful for flood mapping (Tsyganskaya et al., 2019). As of October 2014, the
Sentinel-1 satellite constellation has been providing continuous imagery at C-band SAR data with relatively short
repetition interval (Tsyganskaya et al., 2019). By making SAR data available through the Sentinel-1 C-band SAR
mission, the European Space Agency (ESA) provided great convenience for flood mapping activities (Uddin et al.,
2019), which is essential for an effective flood emergency response.
Various approaches have been developed to extract water surface from SAR images with the presence of increasing
temporal and spatial resolution data. One of these approaches is backscatter histogram thresholding, which is widely
preferred in flood mapping studies as it is computationally less-time consuming (Liang and Liu, 2020).
The main objective of this research is to investigate the efficiency of freely available Sentinel-1 SAR and Sentinel-2
Multispectral Instrument (MSI) images for flood mapping in the selected test site of Meriç River Basin. For this
purpose, backscattering responses of pre-flood and post-flood SAR images were analyzed. Moreover, NDWI was
derived from pre-flood and post-flood Sentinel-2 MSI images in the selected region.

STUDY AREA AND DATA
Study Area
Meriç River Basin is located in the southwest part of the Sub Thrace Region of Turkey, in Edirne province. The area is
a transboundary zone since Meriç River forms a border between the riparian countries. Turkey Part of the Meriç River
Basin is listed as one of the Nationally Important Wetlands of Turkey. It comprises coastal lagoons, freshwater lakes,
reed beds, and extensive agricultural fields that are mostly paddy fields. Besides, it was listed as an Important Bird and
Biodiversity Area, Natural Conservation Area, and Protected Site since 1991. The area is mostly exposed to floods due
to the overflow of the Meriç River or heavy rain. Floods occurring in the basin affect not only the living conditions of
people but also the economy of the region since agriculture is the main source of income. The location of the study area
was given in Figure 1.

Figure 1. (a) Location of the study area and (b) pre-flood and post-flood images of Sentinel-1 (R:VV, G:VH, B: VV/VH)
and Sentinel-2 MSI (true color).
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Data
New generation freely available Sentinel-1 SAR and Sentinel-2 MSI images were used in the research. Sentinel-1 Cband SAR and Sentinel-2 MSI Level 2A (surface reflectance) scenes corresponding to pre-flood and post-flood were
downloaded from the Sentinel Scientific Data Hub (https://scihub.copernicus.eu/). Sentinel-1 SAR scenes which are
acquired in the Interferometric Wide swath (IW) Ground Range Detected in High resolution (GRD) mode used for the
analysis. GRD products include focused SAR data that are detected, multi-looked and projected to ground range using
an Earth ellipsoid model. Additionally, Sentinel-1 acquires images in both like-polarized (vertical transmit and vertical
receive (VV)) and cross-polarized (vertical transmit and horizontal receive (VH)). It has a swath width of 250 km at 5 m
(ground range) by 20 m (azimuth) spatial resolution and 10 m x 10 m (range x azimuth) pixel spacing. On the other
hand, Sentinel-2 MSI has a swath width of 290 and acquires images in 13 spectral bands with different spatial
resolutions ranging from 10 m to 60 m. In this research, visible (R, G, B) and near-infrared (NIR) bands that have a 10
m resolution were used. The specifications of used data were given in Table 1.
Table 1. Specifications of the Sentinel-1 and Sentinel-2 data used in the research.
Sensor

Specifications
Date

Sentinel-2 MSI
(Level 2A)

Used Bands

Date
Sentinel-1 SAR
(C-Band)

Pre-flood - 2017.08.11

Post-flood - 2018.04.03

Band Name

Central
Wavelength ( nm)

Bandwidth

Blue

490

65

Green

560

30

Red

665

30

NIR

842

115

Pre Flood - 2017.08.11

Post Flood - 2018.04.02

Orbit

Ascending

Product Level

Level-1 GRD

Acquisition mode

IW mode

METHODOLOGY
The conducted methodology in the study was presented in Figure 2. It includes four major sections; (i) preprocessing of
the pre-flood and post-flood Sentinel-1 data, (ii) calculation of NDWI from Sentinel-2 data, (iii) mapping flood
inundation areas using thresholding technique and (iv) accuracy assessment.

Figure 2. The conducted methodological flow of the research.
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The preprocessing of the Sentinel-1 SAR image was conducted in SNAP software, and the following steps were
applied. First, the Sentinel-1 GRD IW image was applied to the orbit files and radiometrically calibrated to the radar
backscatter sigma0. Then, the noise speckles, which decrease the quality of the image, were reduced using a 7 × 7 Lee
Sigma Filter. The geometry of SAR images was corrected by applying terrain correction with a 3 sec SRTM (Shuttle
Radar Topography Mission) digital elevation model. Lastly, linear to dB conversion was applied to VH band.
The water pixels were extracted from the Sentinel-1 VH polarization image and NDWI derived from the Sentinel-2 MSI
image using the thresholding technique. Since the water pixels have low backscattering due to the specular nature of
water against microwave signals, water surfaces appear in darker tones (Agnihotri et al. 2019). The backscattering
responses of water surfaces, flooded areas and other surrounding land covers were analyzed in the Sentinel-1 VH and
VV images. According to the analysis of the flooded areas in the pre-flood and post-flood images of VV and VH
polarizations, it was decided to work with VH polarizations due to the low backscattering responses of agricultural
areas in VV polarization images. The threshold values for pre-flood and post-flood images were determined based on
the analysis of backscattering coefficients and histograms of the images. Apart from that, NDWI images were derived
from the Sentinel-2 MSI images. NDWI is a remote sensing index which is developed to determine open water surfaces.
NDWI, which is proposed by Mcfeeters (1996), takes advantage of the water reflectance in the green and NIR band.
The pixel values of NDWI ranges between -1 to +1. Positive values show the water features, while negative values
represent the other land features. The following equation shows the formulation of NDWI.
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺−𝑁𝑁𝑁𝑁𝑁𝑁

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺+𝑁𝑁𝑁𝑁𝑁𝑁

(1)

As the last step, the accuracy of the produced pre-flood and post-flood maps was evaluated by the construction of error
matrices. Kappa coefficients (K) and overall accuracies (OA) were calculated to assess the accuracy.

RESULTS
Within the context of the study, firstly, SAR images were preprocessed, and then flood maps were generated from
Sentinel-1 SAR and Sentinel-2 MSI images. In accordance with the methodological flow of the research, the threshold
for the extraction of water features from NDWI was determined as zero based on literature research. Moreover, the
threshold for VH band of Sentinel-1 SAR was determined as -23 dB for pre-flood and -25 dB for post-flood images
according to the backscattering histogram analysis of the images. Histogram of the VH bands corresponding to the preflood and post-flood images were given in Figure 3.

Figure 4. Histograms of Sentinel-1 SAR VH bands.
Flood maps were produced as water and non-water classes. The original Sentinel-1 SAR VH band image, NDWI
derived from Sentinel-2 MSI, and produced pre-flood and post-flood maps were presented in Figure 4.
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Figure 4. Sentinel-1 SAR VH and NDWI derived from Sentinel-2 MSI for pre-flood and post-flood period, and produced
pre-flood and post-flood maps results.
Based on the produced pre-flood and post-flood maps from images, classification accuracy has been evaluated by the
construction of a confusion matrix for the class ‘water’ and ‘non-water as listed in Table 2. The results yield that
Sentinel-1 SAR and NDWI derived from Sentinel-2 MSI reached over 90% of OA and 0.88 of Kappa values. In detail,
Sentinel-2 MSI has reached higher accuracy than Sentinel-1 SAR for both pre-flood and post-flood maps. On behalf of
the results, 51.1% and 53.6% of the region has been flooded with Sentinel-1 SAR and Sentinel-2 MSI images,
respectively.
Table 2. Accuracy assessment results of the pre-flood and post-flood classified images.
Sentinel-1 SAR VH Band

Sentinel-2 MSI - NDWI

OA (%)

Kappa

OA (%)

Kappa

Pre-flood

93.0

0.89

97.0

0.94

Post-flood

91.0

0.88

99.0

0.97

CONCLUSION
In this study, the usability of Sentinel-1 SAR and Sentinel-2 MSI data for flood mapping was analyzed in the Meriç
River Basin, Turkey. The results showed that both data are very successful for flood mapping yielding over 90% overall
accuracy using thresholding, which is a rapid method. Pre-flood and post-flood maps obtained with Sentinel-2 MSI
were reached higher OA and Kappa values than Sentinel-1 SAR images. On the one hand, every method and data has
its advantages and disadvantages for flood mapping. On the other hand, it should not be overlooked that Sentinel-1 SAR
data has a great advantage in flood mapping, especially rainy weather, which is a common fact in flood events.
However, it should be noted that Sentinel-1 data should be subjected to more preprocessing steps and that each of these
steps has an impact on the output bands. In this study, only one method was tested for only one test area. Different
classification methods, such as object-based image classification and different test areas with different land cover,
should be examined in the following studies.
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