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ABSTRACT 
System for mapping of water bodies in 
Slovenia and its immediate neighbourhood 
with Sentinel-1 radar satellites have 
implemented. Algorithms automatically detect 
presence of new data in the archive, download 
the data, analyse it, write the results, and 
upload them to a web portal. New acquisitions 
are currently available every six days, but this 
time will be halved when the second Sentinel-1 
starts delivering the data. 
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 SAŽETAK 
Implementiran je sistem za kartiranje vodenih 
površina u Sloveniji i u neposrednoj blizini sa 
Sentinel-1 radarskim satelitima. Algoritmi 
automatski otkrivaju prisutnost novih podataka 
u arhivu, preuzimaju podatake, analiziraju, 
objavljuju rezultate, te ih prenose na web-
portal. Nove akvizicije su trenutno dostupne 
svakih šest dana, ali ovaj puta će vrijeme biti 
prepolovljeno, kada drugi Sentinel-1 počne sa 
isporukom podataka. 
 
Ključne riječi:  Vodene površine (površine 
pod vodom), Sentinel-1, radar, poplave. 

 
 

1 INTRODUCTION  
 
European Space Agency launched the first satellite of the Sentinel series in 2014, starting a 
successful Copernicus programme. Six different types of Earth observation satellites launched 
under this programme will observe our planet in various parts of the electromagnetic spectrum 
(Veljanovski, Švab Lenarčič and Oštir, 2014). The first satellite in the series, Sentinel-1A, is a 
radar satellite whose data we used for this study. The acquired data is freely available at the 
Sentinels Scientific Data Hub (Copernicus, 2016). Currently all of the historical data is 
accessible, but in future the Data Hub will only serve as a short term rolling archive, holding 
data up to a year after they were acquired. The rest of the data will still be free, but only 
available on demand. 
Radar data has many advantages, but also some drawbacks, when compared to optical satellite 
data. A combination of the radar signal wavelength and active satellite sensor (there is no need 
for Sun illumination of terrain because it transmits its own signal) allows for a continuous data 
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acquisition, regardless of the time of day and weather conditions. This is e.g. especially 
important for monitoring of flood events. Due to a total reflection of the transmitted radio signal 
from a smooth water surface, water bodies on the image are seen as dark regions. Their exact 
value depends on the water roughness and not on its colour properties as we are used to with 
optical images. A successful detection of water bodies therefore depends on waves, strong 
winds, and heavy rain that disturb the surface of water. Flood waters under vegetation and in 
urban areas are also very difficult to identify with a radar signal. Several research groups (e.g. 
Bates and De Roo, 2000; Horritt and Bates, 2002; Hostache et al., 2009) thus combine water 
detection with water modeling based on a terrain model. 
We have defined a procedure for detection of water bodies based on histogram analysis and 
thresholding, a similar approach as used for classification of water from radar images by other 
groups (Hostache et al., 2009; Mason et al., 2010; Martinis, Twele and Voigt, 2009; Matgen et 
al., 2011). The process is fully automatic – it works without operator’s intervention – and is 
triggered when new images for Slovenia and its surroundings become available on the Data 
Hub (Figure 1). A query for new images is done every 90 minutes which ensures almost real 
time availability of newest data and results. With the current frequency of observation, we can 
offer a state of water bodies every six days. This will be increased to three days when the 
second radar satellite (Sentinel-1B) becomes operational. The results of the analysis are 
uploaded to a web server and integrated into a dedicated web GIS. 
 

 
Figure 1. The procedure for acquisition of water bodies. 

 
 

1.1 Sentinel-1 
 
Sentinel-1 mission currently consists of two radar satellites (European Space Agency, 2013). 
The first, Sentinel-1A, was launched on April 3rd 2014. It is fully operational and is delivering 
data regularly. The second, Sentinel-1B, was launched on April 25th 2016 and is currently in the 
calibration and testing phase. Their life expectancy is 12 years, and are expected to be replaced 
by a new generation satellites Sentinel-1C and 1D. The satellites share the same near polar orbit 
and are 180° apart. A single satellite can acquire data for the whole Earth in every 12 days, 
while in pair the can do this task in 6 days. Considering data from both orbits (ascending and 
descending), they can scan any point on Earth every three days or even daily at higher latitudes. 
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Figure 2. Different image acquisition modes of Sentinel-1satellites (European Space Agency, 2016). 

 
On-board the satellites are C-SAR radar instruments operating at 5.55 cm wavelength. Data can 
be acquired in various combinations of vertical and horizontal polarizations, at spatial 
resolutions between 5 and 100 m, and swaths of 20 to 400 km. The selection of an acquisition 
mode depends on the aim of imaging, download capacity, and the total time available for 
acquisitions at each orbital pass. The primary target is Europe where data is acquired at every 
pass, while in other areas of the world the imaging has only just begun and data is usually 
acquired at every second pass due to a restricted transmission capacity. 
Acquired radar data can be exploited in a wide range of applications, e.g. to determine oil spills, 
estimate wind direction and speed, reveal surface effects produced by sea currents when they 
meet submersed formations, track movement of ice sheets, and monitor sea traffic. On land 
radar data is used to define three-dimensional surface deformations, subsidence and uplift, 
extent of glaciers, land cover, biomass volume, and soil humidity. Long and frequent data time 
series of the Sentinel constellation will also facilitate monitoring global climate change and 
research of inter- and intra-annual dynamics of processes. 
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1.2 Characteristics of radar imagery 
 
Optical satellite observations have similar characteristics to a human sight; three sensor bands 
usually cover the visible electromagnetic spectrum, while the additional ones cover near and 
less frequently also far infrared. Radar systems observe different physical processes due to a 
much longer wavelength of the transmitted signal; up to a 100,000 times longer than with 
optical systems. Electromagnetic waves at this wavelength (usually in the range between ~1 cm 
and ~1 m) interact differently with the observed object and the medium between the object and 
the satellite. Probably the most interesting characteristic for users dealing with detection of 
water is the ability of radar to penetrate clouds almost unobstructed (even though their speed is 
reduced and strength weakened). This enables observation in all weather conditions (Oštir and 
Mulahusić, 2014). 
Interaction between the transmitted signal and observed object are influenced by the following 
physical characteristics: 

- wavelength of the transmitted signal, 
- size and roughness of the object, 
- orientation of the object relative to the polarization of the signal, 
- dielectricity and conductivity of the observed object. 

 
These characteristics affect the amount of scattering from the object, and the depth of 
penetration into it. Systems with longer wavelengths can penetrate a forest canopy or 
agricultural crops almost unhindered and can therefore give information on the state of thicker 
tree trunks and soil. How deep into the soil the radio signal will penetrate depends on the soil’s 
humidity – the higher the humidity, the thinner the penetration. Penetration of water or metal 
objects is only slight or none. The strength of the returned signal depends on the orientation of 
the object relative to the polarization of the signal, and the object’s roughness. The signal 
strength increases with roughness – it is lowest for completely flat areas such as water or 
vertical metal plates on buildings, where the signal is completely reflected and continues to 
travel into another direction. This results in very dark areas of water bodies on the image, while 
buildings appear bright due to a double bounce (from the building and the ground in front of it), 
because most of the signal is returned to the receiving antenna on the satellite. Great care has to 
be taken to choose the optimal wavelength and polarization as each shows distinct properties of 
the object. 
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2 PREPROCESSING 
 
The next chapters explain the implementation of our algorithm for automatic detection of water 
bodies from Sentinel-1 radar satellites. The first step in the algorithm is preprocessing of 
downloaded data and its transformation into a format, suitable for further analysis and 
multitemporal comparison with other radar images of the same type and coverage. 
 
The image downloaded from the distribution portal is not georeferenced and contains 
distortions on rugged terrain due to acquisition specifics. Corrections are made with a free and 
open-source Sentinel Application Platform toolbox (SNAP 4.0; (Snap, 2016)) in four steps: 

- noise removal on the edges of the image, 
- radiometric calibration, 
- speckle noise removal, and 
- georeferencing and topographic corrections. 

 
Most of the datasets have a narrow transitional band of very weakly detected signal along the 
left and right swath edges. These values would introduce additional errors into the detection 
procedure, therefore they are removed from further analysis. The next step is radiometric 
calibration of the remaining values, detected by the sensor. We consider a variety of factors, 
such as acquisition incidence angles and radiation pattern of the antenna, and transform the 
values into physical quantities that express the backscatter intensity of the transmitted radar 
signal. Because a dynamic range of these values is usually a few orders of magnitudes, they are 
logarithmically transformed into decibels. This also increases the contrast between water and 
land. 
Speckle noise is removed with adaptive Refined Lee filtering (Lee, 1981). This step is essential 
in almost any analyses of radar images, because speckle noise aggravates the interpretation 
process. The term noise itself is not strictly correct, because the effect appears due to the 
coherence of the transmitted pulse (all of the waves emitted at the same time have the same 
frequency and phase) and does not reduce the quality of the image. The image is then 
transformed into the Slovenian national coordinate system (D48GK) and resampled to a 10 m 
spatial resolution. To simplify mutual comparison of images, we ensure that centres of pixels 
are always at the same coordinates. The last preprocessing step consists of topographic 
corrections with a Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM). 
We correct the foreshortening and layover effects as well as different lighting of slopes. 
Foreshortening occurs when the radar pulse reaches the base of a tall feature tilted towards the 
radar (e.g. a mountain) before it reaches the top – mountain slopes appear compressed. Layover 
occurs when the radar pulse reaches the top of a tall feature before it reaches the base. As a 
result, the top of the feature is displaced towards the radar from its true position on the ground, 
and “lays over” the base of the feature. Layover areas and computed regions of radar shadows 
are also saved as a mask, because the quality of data in these areas is very low. Grey values of 
radar shadows are similar or lower than those of water bodies, which complicate their detection 
near steep and high mountains. 
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3 COARSE DETERMINATION OF WATER BODIES 
 
Algorithm for detection of water bodies relies on auxiliary data about permanent water bodies. 
We have created this layer from data on surface waters wider than 10 m by the Ministry of 
agriculture, forestry and food (MKGP), and later upgraded (especially for the region outside 
Slovenia) with areas frequently detected as water. 

 

 
 
Figure 3. Histograms of normalized grey values for water (blue) and land (brown). The violet dashed line 
indicates the lower threshold and the red dotted and dashed line the upper threshold. 

 
The procedure of separation of water bodies from land is based upon a computation of threshold 
values. Pixels with higher grey vales represent land, while the ones with lower values represent 
water. Thresholds are determined by a computation and mutual comparison of normalized grey 
values histograms ( 
figure 3). 
The first histogram (blue) shows the distribution of values that are defined as water in the 
permanent waters layer, and the second shows the distribution of values belonging to all other 
areas excluding radar shadows (brown). With an analysis of both histograms we establish two 
threshold values for water. The higher threshold (red dotted and dashed line on figure 3) is 
defined as the grey value at the intersection of the histograms, while the lower threshold (violet 
dashed line on figure 3) is computed from a histogram of values for reference waters and is 
determined as the value at which the histogram starts to decline more slowly, i.e. the point 
where the first derivative of the histogram has the lowest value. A control and correction of the 
higher threshold is done with a separating limit between both classes based on the Otsu method 
(Otsu, 1975). If the computed value is lower than the higher threshold, the latter is lowered to 
the value of the Otsu method. This also lowers the amount of incorrect water detections (type II 
errors). 
Sentinel-1 collects data in two different polarizations (VV and VH). This is roughly similar to 
two different spectral bands in optical imagery. The described procedure for determination of 
thresholds is performed independently for both polarizations and their product which yields six 
different thresholds for water. 
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This first step of water bodies detection does not give the exact extent of water bodies, but only 
small “seed” areas, which can be classified as water with a high probability. Seed areas are 
selected from pixels for which their grey values in both polarizations are lower than the 
computed upper thresholds and the product of both polarizations have a higher value that the 
upper threshold for water of multiplied polarizations. 
 

 
 
Figure 4. Radar satellite image from September 16th 2015 with marked initial water areas (red) and final 
detected water bodies (blue). River Mura on the border between Slovenia, Hungary and Croatia (A, D), 
fish ponds east of Dubrava in Croatia (B, E) and fish ponds and river Kolpa north-east of Karlovac in 
Croatia (C, F). 

 
Along with determination of thresholds we also compute a coarse quality estimation of 
calibration and georeferencing. If the interval between the histogram peaks is very small or non-
existent, we stop further analysis of the image. 
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4 REMOVING ERORS 
 
Removing incorrect water detections consists of several steps. We first consider each pixel 
individually, and then merge the neighbouring pixels and consider them as a region. We assume 
that water bodies do not lie on steep terrain and high in the mountains, where snow covers the 
ground well into spring. We therefore disregard all the pixels classified as water on slopes 
steeper than 8 degrees, in areas higher than 1400 m, and in radar shadows. This is called 
geometric error removal. It is followed by radiometric error removal, which disregards all the 
pixels where the ratio of polarizations VV/VH is lower than an empirically determined value of 
0.75. Geometric error corrections can also remove some of the actually flooded areas lying on 
steeper river banks, but this is not an issue, because they will be reintegrated in the process of 
region growing (Chapter 5). 
The first step of considering regions removes the ones with a very small number of elements 
(pixels), because they can profoundly influence the result of region growing. Then we remove 
regions that are very far away from the nearest permanent water body or their altitude is much 
higher than the nearest water discharge. 
The final step of miss detection removal deals with large and flat asphalt surfaces that were 
frequently identified as water because of their surface characteristics. These surfaces were 
observed to belong to airfields. We use a map of all airfields in our observed area and remove 
all detections that fall within the extent of any airfield. 
 
 

5 REGION GROWING 
 
In the last step of water bodies detection, we determine the exact border between water and 
land. We use the region growing process that starts with initial seed areas, determined in the 
previous steps, and expands these areas to the neighbouring pixels with similar grey values. 
Neighbouring pixels with values lower than the higher water threshold (Chapter 3) are joined 
with the seed areas. The process is executed twice, independently for each polarization, with the 
same seed areas. We have found out that the region growing process is more reliable and 
accurate for VV polarization, because the contrast between land and water is higher. Areas, 
such as snow cover and some agricultural fields, that typically hinder detection, have values 
more similar to land on an image of VH polarization than on VV polarization. The final result 
therefore consists of waters detected on VV polarization merged with detections from VH 
polarization in the areas of permanent water bodies and their vicinity. This fills in the gaps that 
may be a result of water roughness. 
Region growing is followed by a gross verification of the result. The area of detected water is 
compared to the reference area of water. If the ratio for the current image is higher than 10, 
which accounts for mayor flood events, the process is considered erroneous and stopped. Every 
process is logged and the summary is emailed to the administrator, with highlighted erroneous 
processes that can be subsequently checked manually. 
The final result of the algorithm is a raster image of the same spatial resolution as the original 
satellite image, but cropped to the area of Slovenia. The result contains three classes: detected 
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water, land, and no-data areas. Such a format is suitable for further processing because it 
enables production of multitemporal composites, and determination of water frequency and 
flood risk. 
Users can access the data about detected water bodies through different web services. 
 

 
 
Figure 5. A map (A) and multitemporal data on water bodies (B–F) of floods in autumn 2014. 

 
 

6 CONCLUSION 
 
The most important advantages of radar satellite systems over optical systems are independence 
from weather conditions and Sun illumination. They are therefore exceptionally suitable for 
monitoring water bodies and extreme events such as floods. Data of the Sentinel-1A radar 
satellite, the first satellite launched under the EU Copernicus programme, is free to use and 
readily available. Based on this data we have designed a system for continuous real time water 
bodies monitoring. Algorithm for detection of water is relatively simple and robust, completely 
autonomous, and gives fast information on the state of water bodies also for larger areas. We 
are currently operatively monitoring the area of Slovenia and its neighbourhood, but plan on 
expanding the area of interest to the whole of the Balkans. Further planned improvements 
involve incorporation of a more detailed digital elevation model, and a more detailed and 
comprehensive quality control. 
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