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visual assessment of the usefulness of water indices 
for the detection of sandbars in the river channel. In 
this study, an image of Level 2A was used for visual 
comparison of the RGB composition with the calculat-
ed water indices. 

RESULTS AND DISCUSSION

As the result of the performed processing, vector data 
visualizing sandbars along the analysed fragment of 
the lower Vistula were obtained based on the opti-
cal satellite data and water indices (see: Fig. 6). For 
a closer look of the water indices results, a subsection 
of the Vistula River was selected at km 815–820. The 
results of the analysis (the number of detected sand-
bars and their total area) obtained using various water 
indices were given in Table 2. 

The examination of water indices showed which 
of them are best suited for the precise detection of 
sandbars. The analysis took into account fi ve indices: 
NDWI, MNDWI, AWEIsh, AWEInsh, and SWM. The 
total area of the channel forms is the largest in the case 
of the SWM index (0.58 km2), and the smallest for 
AWEInsh (0.20 km2). 

Table 3. Lower Vistula River section at km 812–878. Gene-
rated sandbar layers area based on water indices

Water index Number of sandbars Area [km2]

NDWI 55 0.29

MNDWI 35 0.28

AWEIsh 34 0.35

AWEInsh 33 0.20

SWM 82 0.58

The examination carried out in this study has 
shown that it is possible to detect the sandbars in the 
river on the basis of Sentinel-2 satellite data. Correct 
selection of a remote sensing index, creation of the bi-
nary classifi cation, and selection of the processing al-
gorithm are important when detecting river sandbars.

The riverbed of the analysed section of the low-
er Vistula is characterised by the intensive transport 
of alluvial material, hence these islands are constant-
ly being supplied with new matter. In addition, these 
sandbars are being shifted (Babiński, 1999). The 
analysis of channel forms may lead to the assessment 
of hydrodynamic conditions of the river (Babiński, 

Fig. 5. A sample histogram with the threshold value (t) for the SWM index (left); Zoom to one of the channel forms with the 
information about the pixel value (right) 

Source: own study.
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1989). Tracking the dynamics of changes is important 
due to the accumulation of data in order to assess the 
state of the river and take possible corrective or pre-
ventive actions (Zhang et al., 2020). 

Research on monitoring coastal and river morphody-
namics is common in subject literature. Researchers use 
traditional fi eld methods for this purpose, which, espe-
cially in high fl ow conditions, can be very diffi cult due 

to practical limitations (Nones et al., 2018). They also 
use historical maps (Scorpio et al., 2018), data obtained 
from unmanned aircraft (Langhammer et al., 2017), vid-
eo camera image analysis (Nones et al., 2018), and im-
ages accessed remotely via satellites (Zhang et al., 2020; 
Kuenzer et al., 2019). All such studies need a clear dis-
tinction between the water and land surfaces, for which 
spectral water indices are used.

Fig. 6. Lower Vistula River section at km 815–820, and sandbars’ outlines, calculated using different water indices: 
B – NDWI; C – MNDWI; D – AWEIsh; E – AWEInsh; F – SWM. Image A presents the true colour combination from the 
Sentinel-2 scene

Source: own study.
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An example would be the research conducted by 
Burshtyńska et al., (2017), who performed a long-
term analysis of changes in the shape of the riverbed 
of a hundred-kilometer section of the Dniester River. 
The author used topographic and soil maps as well as 
Landsat and Sentinel-2 satellite data for her research. 
To extract the riverbed from optical images, they used 
the NDWI. As a result of the analyses, a map of chang-
es was created, and a high correlation of sedimentation 
processes with the increase in the number and surface 
of sandbars was demonstrated. 

Similar procedure was followed by Cao (2020), 
who based their work on a full time series of Landsat 
images during 1985–2017. Using MNDWI, they de-
veloped a map of changes in the coastlines and in the 
Zhoushan Archipelago (China).

Sentinel-2 optical images, Sentinel-1 SAR radar 
images, and camera images were used to track chang-
es in the sandbar on the Po River in Italy (Papa et al., 
2020). The purpose of the research was to test the pos-
sibilities offered by various data sources in shoreline 
observation.

Baki and Gan (2012) in their research used pho-
tos from the Landsat MSS and TM missions to exam-
ine the dynamics of channel forms over a period of 
30 years. In their work, they analysed the dynamics of 
shifts in riverbanks and islands.

Similarly, Pekel et al., (2016) have raised the is-
sue of mapping global surface water and its long-term 
changes over a period of 30 years. The data he uses in 
his work comes from Landsat. Researchers used a pro-
cedural sequential decision tree to detect water.

Water detection on the Sentinel-2 satellite images is 
a research problem in the work of Pluto-Kossakowska 
et al., (2018). In their research, they checked the pos-
sibilities of using Sentinel-2 images, for the extraction 
of “blue infrastructure” – i.e. water. For this purpose, 
they used the NIR band and applied the thresholding 
method.

CONCLUSION

Detection of sandbars in the lower Vistula using the 
optical data of Sentinel-2 is a new approach and should 
be explored further. As analysed in this paper, the best 
results in the remote detection of sandbars are achieved 
by applying the SWM water index, developed by Ro-

bak et al., (2016). This index renders the highest degree 
of precision in detecting river islands due to the highest 
contrast and enhancing water spectral signal.

The data processing methodology was partly in-
spired by the work of Zhang et al., (2020). Several 
valuable comments were also drawn from the work of 
Robak et al., (2016), in which the water indices were 
tested to create a water mask in the shortest possible 
time for crisis management.

The Sentinel-2 data were developed for the pur-
pose of monitoring land. Due to their characteristics, 
they provide many opportunities for research in the 
field of hydrology and water management, such as 
sandbars’ detection and monitoring changes in river 
channels. This paper presents the first set of the big-
gest part of the research project. The presented meth-
ods using the Sentinel-2 data will be continued and 
extended in the doctoral thesis.
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WYKORZYSTANIE ZDJĘĆ SENTINEL-2 DO DETEKCJI WYSP RZECZNYCH NA DOLNEJ WIŚLE

ABSTRAKT

Cel pracy
Opracowanie i przetestowanie metody detekcji form korytowych na wybranym odcinku dolnej Wisły. Do 
przeprowadzenia badań wykorzystano archiwalne, powszechnie dostępne obrazy satelitarne Sentinel-2. 
Problemem badawczym jest optymalizacja narzędzi, danych retrospektywnych oraz wybór stosownych ist-
niejących wskaźników teledetekcyjnych służących do wykrywania wód śródlądowych i przybrzeżnych na 
obrazach satelitarnych Sentinel-2.

Materiał i metody
Analizy przeprowadzono w oprogramowaniu QGIS (wersja 2.18.4) oraz SNAP (wersja 7.0). W oprogramo-
waniu SNAP wykonano przepróbkowanie obrazów oraz analizę wartości pikseli. Natomiast w oprogramo-
waniu QGIS wykonano działania należące do reszty etapów pracy z danymi satelitarnymi, tj. przetworzeń, 
analizy powierzchni oraz ich wizualizacji.

Wyniki i wnioski
Wykonane w niniejszej pracy badania w biegu analizowanego odcinka dolnej Wisły wykazały, ze możliwe 
jest wykrycie form korytowych w rzece na podstawie danych satelitarnych Sentinel-2. Duże znaczenie przy 
detekcji wysp rzecznych ma odpowiedni dobór wskaźnika teledetekcyjnego, utworzenie binarnej klasyfikacji 
oraz dobór algorytmu przetworzeń.

Słowa kluczowe: Sentinel-2, formy korytowe, wodne wskaźniki teledetekcyjne, NDWI, SWM


