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Abstract
This study mainly aims to determine the extent of the flash flood that occurred in the Seyhan River Basin located in the
Mediterranean Part of Turkey. In this region, flash floods primarily affect the agricultural fields. For the study,
20/12/2019 and 27/12/2019 dated freely available Sentinel-2 (Level-2) multispectral data were used to generate flood
inundation extents of the selected test region. Object-based random forest classification was applied to determine dry
and wet regions in the study area. Pre-flood maps were used to delineate the permanent water surface. The accuracy
assessment of each scene was performed using randomly selected validation points. The overall accuracy of flood
inundation mapping was found above 90% for both images. The results show that flash floods affect mainly agricultural
fields in the region.
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INTRODUCTION
Among all natural hazards, floods are the most frequent, widespread, and devastating across the world (Mallinis et al.,
2011; Tsyganskaya et al., 2019). Flood damage can be classified into direct and indirect losses (Messner and Meyer,
2006). Direct losses are all kinds of detrimental effects due to physical contact with floodwaters, such as loss of life,
injuries, damages to agricultural soils, livestock, and cultural heritages, harmful impact on the ecosystem, destruction of
infrastructure and superstructure systems and properties (Nicholls et al., 2015). Some of the indirect effects are public
service disruptions outside the flooded area, financial losses of those who have economic relations with the disaster
area, the effects of the post-flood recovery process, post-disaster trauma disorders, and even loss of confidence in
management and managers (Nicholls et al., 2015). Thus, floods influence human life in many aspects and lead to
serious economic and also ecological damages.
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Flooding occurs irregularly around the world, and it is a difficult task to measure hydraulic variables and determine
flood inundated areas during the flood period whereas it is necessary for effective flood management (Balasch et al.,
2019; Agnihotri et al., 2019). In this case, remote sensing provides certain advantages for flood mapping and
monitoring. For instance, easy accessibility, low cost, and wide coverage of large archive optical data, and the
robustness and efficiency of image processing techniques are some of these advantages (Gianinetto et al., 2006; Delen
et al., 2019).
The remarkable progress of object-based image analysis (OBIA) over the past two decades has overcome the restraints
of the traditional pixel-based image analysis, such as low accuracy, sub-pixel problems and the speckle noise effect, and
thus enabled to produce and analyze image objects for reliable and accurate flood mapping (Dao and Liou, 2015).
Although OBIA has generally used with high spatial resolution images, it has been used with medium spatial resolution
images as well for flood mapping. For instance, Mallinis et al. (2015) conduct a research using Landsat Thematic
Mapper (TM) and ENVISAT/ASAR images with OBIA approach to map flood extent. They concluded that the adopted
approach provided satisfactory overall accuracy results. Besides, it was stated that the OBIA approach can be more
integrated with ease into and political decision-making and social understanding. In another study, Dao and Liou (2015)
aimed to map flood inundation areas using Landsat-8 images and estimate affected rice fields using MODIS vegetation
index products based on OBIA. It was reported that an overall accuracy of higher than 95% was achieved for flood
mapping.
Apart from medium-resolution data such as Landsat, the Sentinel-2 mission has contributed significantly to these
researches since 2016. Sentinel-2 mission provided a great opportunity for researchers and decision-makers with high
spatial resolution and high temporal frequency.
The main purpose of this research is to determine the flash flood extent caused by heavy rain that occurred in the
Seyhan River Basin in December 2019, using freely available Sentinel-2 Multispectral Instrument (MSI) images. To
extract the flood inundation areas from pre-flood and post-flood images, an object-based random forest (RF) classifier is
adopted in the research.

STUDY AREA AND DATA
Study Area
Seyhan River Basin is located in the Mediterranean region of Turkey. Seyhan River is one of the most important rivers
in the basin, which is one of the biggest rivers pouring into the Mediterranean Sea in Turkey. The Mediterranean
climate is dominant in the selected region (Figure 1a), where winters are warm and rainy, and summers are hot and dry.
Agriculture is an important economic sector with both open agricultural fields and greenhouse activities. The flood
generally occurs in December-May in the region due to the rain and melting of snow. Moreover, the floods mainly
affect the agricultural fields and greenhouses in the region, and it causes serious economic losses especially for the local
farmers and rural communities.
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Figure 1. a) Location of the selected study area, and b) pre-flood and c) post-flood Sentinel-2 MSI images in false-color
composition.

Data
Freely available Sentinel-2 MSI data corresponding to pre-flood (2019-12-20) and post-flood (2019-12-27) periods
were used for the analysis (Figure 1b and 1c). Sentinel-2 MSI has a swath with of 290 km with high revisit time. It
includes 13 spectral channels with a ranging spatial resolution of 10 m to 60 m in the visible, near infrared (NIR), and
short-wave infrared (SWIR) regions of the electromagnetic spectrum. In this research, blue, green, red and NIR bands
were used for the analysis as these bands have a spatial resolution of 10 m. The specifications of the used bands were
presented in Table 1.
Table 1. Corresponding band specifications.
Bands

Central Wavelength (nm)

Bandwidth (nm)

Spatial Resolution (m)

Blue – Band 2

490

65

10

Green – Band 3

560

30

10

Red – Band 4

665

30

10

NIR – Band 8

842

115

10

METHODOLOGY
The adopted methodology of the research was given in Figure 2. The first step of the study is segmentation of the preflood and post-flood Sentinel-2 MSI data. The second part is the feature extraction using different statistics and indices.
The third step is the object-based classification using RF classifier, and classification accuracy assessment is the last
stage of the study.
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Figure 2. Work flow of the research.
The first step of the OBIA is image segmentation. The segmentation stage of the Sentinel-2 MSI images was conducted
using multi-resolution segmentation (MRS) algorithm. MRS is a bottom-up region merging method based on the
intended objects to be segmented (Baatz and Schape, 2010; Tian and Chen, 2007). There are three key parameters
determined the outcome of the MRS; scale parameter, shape and compactness. These parameters were determined with
the systematic trial and error approach by visual interpretation. It should be noted that OBIA was conducted using
eCognition Developer 9.0 software (eCognition Developer 9.0.1 Reference Book, 2014)
After the image segmentation stage, basic spectral information (mean and standard deviation of R, G, B, and NIR
bands, brightness and difference), and remote sensing indices which are normalized difference water index (NDWI) and
normalized difference vegetation index (NDVI) were extracted for each image objects. NDWI was proposed by
Mcfeeters (1996) to determine open water features. This index utilizes the reflectance of the water in the green band and
NIR band. In NDWI, vegetation and soil usually have zero or negative values, while water features have positive
values. The formulation of NDWI is given in Equation 1.
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺−𝑁𝑁𝑁𝑁𝑁𝑁

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺+𝑁𝑁𝑁𝑁𝑁𝑁

(1)

NDVI is one of the most frequently used remote sensing indices, mainly for vegetation researches. NDVI proposed by
Rouse et al. (1976) is defined as the difference between reflection in red and NIR bands divided by their sum (Equation
2). NDVI can be used for the distinction of vegetation and other land covers such as soil and water due to their
reflectance values. Thus, this index is adopted since the agricultural fields are the dominant land cover in the selected
region.
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =

𝑁𝑁𝑁𝑁𝑁𝑁−𝑅𝑅𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁𝑁𝑁+𝑅𝑅𝑅𝑅𝑅𝑅

(2)

The third step of the study is object-based image classification, which is conducted using RF classifier. In RF, which is
based on a machine-learning algorithm, the training data set and a set of variables were trained by sampling individually
via bagging or bootstrap aggregating. There are two main parameters of RF; the number of active variables in the
random subset at each node and the number of trees in the forest (Breiman et al., 1984). In this research, the number of
trees was fixed to 200, and the number of active variables was set to the square root of the features numbers based on
literature research.
The last stage of the research is accuracy assessment. The classified pre-flood and post-flood maps of the region were
evaluated by creating an error matrix with validation samples. Kappa coefficient and overall accuracies (OA) were
assessed to evaluate the accuracy of the images.

RESULTS
Image segmentation, which is the first phase of the study, was conducted using MRS. According to the trial-and-error
approach, scale parameter, shape and compactness were determined as 70, 0.4 and 0.9, respectively. Additionally, since
the reflectance of water in NIR band is lower than other bands, the weight of the bands was specified as 1, 1, 1 and 2 for
R, G, B and NIR bands respectively to improve segmentation. Figure 3 shows the sample region for segmented preflood and post-flood Sentinel-2 MSI images.
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Figure 3. Image segmentation results of sample region for (a) pre-flood and (b) post-flood Sentinel-2 MSI images.
Within the context of research, pre-flood and post-flood Sentinel-2 MSI images were classified using the object-based
RF algorithm. Training samples and selected features (basic spectral information, which are mean and standard
deviation of blue, green, red and NIR bands, brightness and difference, and remote sensing indices which are NDWI
and NDVI) were used to train the algorithm. A total of 490 objects for pre-flood and 469 objects for the post-flood
image were used as training samples. Detailed information on training and validation samples were given in Table 2.
Classified pre-flood and post-flood maps were presented in Figure 4a and 4b. Additionally, change from pre-flood to
post-flood maps were determined both visually and statically. In Figure 4c, change from non-water to water were given
and three selected sub region were visualized on high-resolution imagery. According to the statistical analysis, it has
been found that 7391.73 ha area has been flooded in the selected test region.
Table 2. Detailed information on training and validation samples.
Training Samples

Pre-flood

Post-flood

Validation Points

Number of objects

Number of pixels

Water

117

201548

68

Non-water

373

191799

162

Water

149

293023

106

Non-water

320

156755

124
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Figure 4. Classification results of (a) pre-flood and (b) post-flood Sentinel-2 MSI images and (c) change from nonwater to water.
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In order to evaluate the accuracy of the produced maps, a total of 230 validation samples were used for both pre-flood
and post-flood Sentinel-2 images. Error matrices were constructed and OA and Kappa statistics were calculated.
According to the accuracy assessment results (Table 3), OA of 96.09 % and 95.65 % were achieved for pre-flood and
post-flood maps, respectively. The main reason for the misclassified water pixels in the pre-flood image is the
classification of some small rivers and canals as non-water due to the spatial resolution of the image. A similar situation
was seen in the post-flood image as well.
Table 3. Accuracy assessment results of the pre-flood and post-flood classified Sentinel-2 MSI images.
OA (%)

Kappa

Pre-flood

96.09

0.903

Post-flood

95.65

0.912

CONCLUSION
The usability of Sentinel-2 MSI data for flood mapping was investigated using an object-based random forest classifier
in this research. The results showed that applied methodology was very successful for flood mapping with over 0.9
Kappa statistics. Machine-learning based algorithms such as random forest are quite promising for flood mapping along
with object-based image analysis. Flood events are the most frequent and widespread natural hazards worldwide, and
they can have hugely devastating economic, social, and environmental impacts. In the selected test site, which is located
in the Mediterranean region of Turkey, flooding is a catastrophic natural disaster, especially for greenhouses and
farmlands. With freely available satellite images like Sentinel-2 and advanced image processing algorithms, it provides
a great advantage for monitoring this phenomenon. Moreover, rapid, accurate and timely information on the extent of
ﬂooding is very essential for decision-makers, crisis management authorities, relief organizations and insurance
companies.
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