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SUMMARY 

The active sensor from Sentinel-1 satellites has an advantage over satellites that receive data from 
passive sensors. With this technology, it is possible to analyze every possible satellite overflight over 
the territory. Using the obtained geodata, the authors created composite images with median data for 
each satellite pass over the territory of Solotvyno, where there are subsidence and surface 
displacements. 
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Introduction 

 

Google Earth Engine (GEE) is a cloud-based platform with many data over decades that can be 

processed, analyzed, and visualized for science. In our study, we used Sentinel-1 data for creation of 

median values of changes in the VV and VH bands. Terrain maps were created that show the 

backscattering of the sensor. The median values for the collection of images help to determine the 

average change of the object for the season. The VV band proved to be better for data visualization, the 

VH band, is also useful for analysis, but performs worse in visualization. 

Now in the village Solotvyno there are vertical subsidence and displacements surface over flooded of 

salt mine galleries, so it is advisable to conduct similar studies for this area. 

 

Method 

 

The Copernicus Program is an ambitious initiative headed by the European Commission in partnership 

with the European Space Agency (ESA). The Sentinels are a constellation of satellites developed by 

ESA to operationalize the Copernicus program, which include all-weather radar images from Sentinel-

1A and 1B, high-resolution optical images from Sentinel-2A and 2B, ocean and land data suitable for 

environmental and climate monitoring from Sentinel-3, as well as air quality data from Sentinel-5P 

(Nagler et al., 2015). The Sentinel-1 mission provides data from a dual-polarization C-band Synthetic 

Aperture Radar (SAR) instrument. This collection includes the S1 Ground Range Detected (GRD) 

scenes, processed using the Sentinel-1 Toolbox to generate a calibrated, ortho-corrected product. The 

collection is updated daily. New assets are ingested within two days after they become available. 

The possible combinations are single band VV or HH, and dual band VV+VH and HH+HV: 

- VV: single co-polarization, vertical transmit/vertical receive 

- HH: single co-polarization, horizontal transmit/horizontal receive 

- VV + VH: dual-band cross-polarization, vertical transmit/horizontal receive 

- HH + HV: dual-band cross-polarization, horizontal transmit/vertical receive 

Each scene was pre-processed in platform GEE with Sentinel-1 Toolbox using the following steps: 

- Thermal noise removal 

- Radiometric calibration 

- Terrain correction using SRTM 30. The final terrain-corrected values are converted to decibels 

via log scaling (10*log10(x)) (Moreira et al., 2013). 

The Sentinel-1 can capture in different modes. The most common mode on land is Interferometric Wide 

(IW), which is recorded in VV and VH polarization (in some sea and Polar Regions in HH and HV). 

Extended Wide (EW) is used in marine areas. The main trade-off between the two modes is resolution 

and swath width, the size of the area that is illuminated by the SAR beam in the range direction. The 

swath width in IW mode is approximately 250 km, while in EW mode the swath width is 400 km. 

Sentinel-1 data is collected using several different instrument configurations, resolutions, and band 

combinations in both ascending and descending orbits. Because of this heterogeneity, it is usually 

necessary to filter the data down to a homogeneous subset before processing begins.  

 

Examples.  

 

The GEE platform has the technique to process your own and existing data collections. The Sentinel-1 

data processing script was created using this platform. Sentinel-1 SAR GRD: C-band Synthetic 

Aperture Radar Ground Range Detected data collection was used. The object of the study is the village 

Solotvyno, Ukraine, where vertical movements of the Earth's surface with subsidence and 

displacements surface over flooded of salt mine galleries occur (Figure 1). 

The mine area is located within the first dry terraces, which contributes to the development and active 

infiltration feeding of aquifers (Greben et al., 2020; Gomilko et al, 1999;  

Gomilko and Trofimchuk, 2001; Lukianova et al., 2020), as well as the development of flooding 

processes (Karpenko et al., 2020; Myrontsov, 2020a; 2020b; Myrontsov et al., 2020; 

Myrontsov et al., 2021 ), which complicate the mining and geological and ecological conditions of mine 

stripping (Kaliukh et al., 2019), mine development and mine decommissioning (Baum et al., 2014). 
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Karst-chemical processes and land surface subsidence of a long-term nature are actively developing in 

the fields of flooded mines (Trofimchuk, 2002; Trofimchuk and Vasyanin, 2015; 

Trofymchuk et al., 2013; 2014; 2019; 2021a; 2021b), with increasing deformations of mine workings 

and wetting of the saline body. 

Using this method, it is possible to register the variability of the backscatter coefficient. Images from 

December 1, 2019 to December 31, 2020 were taken for the study area. The orbit of the satellites is 

descending. The most common mode on land is Interferometric Wide (IW), which is recorded in the 

VV and VH polarizations. Four periods have been identified for both polarizations, which represent 

four times of the year, each three months long. A total of 67 images for a given time interval were in 

the collection for the area in question, and the median value function for each individual seasonal period 

was applied to them.  

 

 
Figure 1 Space survey data of the Solotvyno territory as of 13/10/2021 (left) 13/03/2019 (right) 

(Source: https://livingatlas.arcgis.com/wayback/, 2021) 

 

Four values for each season were created for both VV and VH polarizations, also the total value of VV 

and VH bands for the whole time period. GEE allows to obtain such median values very quickly, since 

these calculations are performed on the server side, also, in comparison to desktop geographic 

information systems (GIS), there is no need to download images and process them locally.  

Sentinel-1 includes two identical sensors ("A" and "B"), each with a 12-day re-visit, but a 6-day re-visit 

combined. However, there are certain limitations on the amount of data that can be acquired and 

downloaded from the two sensors, which depend on the failure-free time of the sensor in orbit, the 

visibility of the ground station for downlink transmission, and some other factors. 

For more accurate estimation, we used GEE as follows (Figure 2): we created variables for the start and 

end dates investigated in our application, added zones of interest, applied the IW filter, and created a 

scene count function. 

 
Figure 2 In the picture you can see a chart of satellite overflights over part of the territory of Ukraine, 

Slovakia and Hungary, where from red to green the amount of data changes. There are 67 images for 

our study area (marked with a dot) for a given period of time. 

https://livingatlas.arcgis.com/wayback/
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GEE is a cloud-based platform with decades of data that can be processed, analyzed, and visualized for 

science. The imagery in GEE consists of ground range detection (GRD) level 1 scenes processed to a 

backscatter coefficient (σ °) in decibels (dB). The backscatter coefficient is the target backscatter area 

(radar cross section) per unit ground area. Because it can vary by several orders of magnitude, it converts 

to dB as:  

10 * log 10 σ  
It measures if the area being radiated scatters incident microwave radiation predominantly away from 

the SAR sensor (dB <0) or toward the SAR sensor (dB> 0). This scattering depends on the physical 

characteristics of the terrain, primarily on the geometry of the terrain elements and their electromagnetic 

characteristics. 

For the study area, as mentioned above, 4 seasonal composite median images were created in which we 

can observe different scattering of reflected waves from the SAR sensor (Figure 3).  It is worth 

mentioning that VV band turned out to be more useful for the analysis of this territory, because VV is 

radar signal which is emitted vertically and received vertically, and VH is radar signal which is emitted 

vertically and received horizontally, because of this feature only VV band mapping data were given in 

this paper. 

In turn, the VH band can be used for analysis, VH band values correlate with VV band values and can 

help in further data processing and interpretation.  You can see black spots on the map - slight negative 

values or positive values, and white spots - higher negative values. By examining the values one can 

infer whether the area under study is scattering incident microwave radiation predominantly from the 

SAR sensor (dB < 0) or towards the SAR sensor (dB> 0). This scattering depends on the physical 

characteristics of the terrain, primarily on the geometry of terrain elements and their electromagnetic 

characteristics. For example, black dots, which are structures, have a value in the VV band of 

approximately minus 2 or more. White dots have the greatest negative value greater than minus 10, and 

are mostly low-growing vegetation. The green dots are mostly high-growth vegetation. In comparison, 

in the upper left image (winter) and the lower left image (summer), since the area is in temperate 

latitudes, you can see significant changes in reflected radiation from fewer plants. Also on the images 

you can notice water objects, rivers and lakes, they have a high reflectivity. The value of water objects 

is minus 17 on average, this is caused by their electromagnetic properties.  
 

 
Figure 3 From left to right, top to bottom: median Sentinel-1 VV images for the periods 2019-12-

01,2020-02-28 (winter), 2020-03-01,2020-05-31 (spring), 2020-06-01,2020-08-31 (summer),  

2020-09-01,2020-12-31 (fall). Dark dots are SAR (dB> 0), or very slightly less, within a few units, these 

dots are structures that are stationary in spatial and time. White dots are areas with pronounced spatio-

temporal changes, water bodies may be included here, this is due to their reflectivity. Green spots are 

mainly high-growing vegetation, or they may be caused by electromagnetic properties of the object. In 

the summer images (below left) you may see how the crop fields near Solotvyno village are changing 
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Conclusions. 

 

Summarizing the research and analysis, we can observe that the registration of changes in the VV band 

shows a fairly accurate situation of changes in the area. A large collection of images and regular flights 

of satellites over the territory, the updatability of the collection, allows you to perform regular remote 

monitoring of the terrain. The advantage of this method is the ability to see, by making small changes 

in the script, the median values for any period, anywhere on Earth, which is covered by the Sentinel-1 

mission. For instance, within flooded of Solotvyno salt mine field we can estimate the total volume of 

surface subsidence, its dynamics in fragments, displacement of surface depression border, sites of 

flooding. GEE platform also allows you to quickly calculate and visualize data and the main advantage 

is the cloud data storage, the user does not need to download satellite images to your desktop GIS. The 

method of median composite images allows to determine the side and magnitude of scattered signal for 

different time periods and for different territories.  On our territory of research there are clear 

correlations between changes of the reflected signal and their reflectors on the terrain. 
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