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Abstract 
Livingston Island is an Antarctic island in the Southern Ocean, part of the South Shetlands Archipelago. The Bulgarian 
base "St. Kliment Ohridski” is located on the Hurd Peninsula some 130 m from the shores of the inner bay Emona. In 
this study we use data from the Sentinel-1 satellite constellation to produce velocity maps, covering few key outlet 
glaciers. During this research used were Sentinel-1 data in GRD format with HH polarisation. We followed the 
processing workflow described by international scientific community to derive ice velocity maps from pairs of SAR 
images using the SNAP software. In this paper are presented results for glaciers found in Livingston Island and the ice 
velocity extracted along the two flow line transects/longitudinal and transverse profiles. This study provides a first 
demonstration by authors of the operational radar satellites capacity to map and thus providing frequent and timely 
monitoring of the ice sheet flow as well as to monitor the dynamic evolution of the glaciers around the Bulgarian base 
"St. Kliment Ohridski” 
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INTRODUCTION 

In recent years remote sensing takes up more and more space for mapping and this gave us the confidence to present 
this new opportunity to monitoring glacier dynamics evolution and map the ice velocities of the glaciers around the 
Bulgarian base “St. Kliment Ohridski”. Remote sensing is becoming an increasingly important tool in climate change 
research the Synthetic Aperture Radar (SAR) being one of the techniques that has experienced a faster growth offering 
the advantage to deliver data regardless of the weather conditions. The European Space Agency (ESA) has long 
supported various satellite Earth Observation missions with SAR sensors onboard satellite missions such as the 
European Remote Sensing (ERS-1 and ERS-2) and ESA EnvironmentalSatellite (ENVISAT) satellites and continuing 
this long-term policy of providing continuous and consistent observational data. In 2014Sentinel-1A was successfully 
launched followed by its twin satellite Sentinel-1B launched in 2016. Both satellites are equipped with a C-Band radar 
sensor. 

SAR data is used in a variety of techniques to estimate surface movements, including radar interferometry (InSAR) and 
offset-tracking methods. The main difference between those two methods is that InSAR uses information about the 
phase of the radar signal (Hanssen 2001), while the offset-tracking technique is based on intensity information. 
Application of the InSAR method in regions where dynamic movements of Earth’s’ surface occur may lead to a loss of 
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coherence. Wherefore, the offset-tracking method is mainly used in ice-covered areas, where velocities are significant 
and major displacements appear in the horizontal plane. This technique is widely used to obtain glacier surface 
velocities (Łukosz et al., 2022) 

In this study we analyze the results of the dynamics from changes of several glaciers of the Livingston Island, namely 
Kamchia, Pimpirev, Perunika, Huntress, Macy, Prespa, Huron and Kaliakra, occurred in the summer of 2021. Satellite 
radar observations and the available database were used for this.  The velocities computed from Sentinel-1 data and the 
offset-tracking technique was compared with archived GNSS velocities of the Perunika Glacier. In order to study in 
detail the dynamics of the movement of Perunika Glacier systematic monitoring of the position of representative points 
on its surface by means of precise GNSS measurements was initiated in 2015 by Vasil Gurev.  GNSS measurements 
were carried out in five points on glacier and later the velocity in cm/day was computed. In (Georgieva et al., 2019) are 
presented the initial results from seismicity study of the generated by the dynamic processes in the Perunika glacier 
recorded from Bulgarian broad band seismic station LIVV and their relationship with the measured GNSS 
displacements on the glacier’s surface. The seismic and GNSS data in the mentioned study were registered in January 
2018.  

One of the most researched sites in the island Livingston is the Johnsons glacier who was studied by various 
technologies. For this purpose, terrestrial photogrammetry (Pala V.at.al., 1999) was applied. The glacier’s surface 
velocities were estimated based on repeated differential GNSS measurements in a network of stakes deployed on 
Johnsons and Hurd glaciers. The network of stakes consisted of 22 stakes for Johnsons and 30 stakes for Hurd Glacier 
(Machío et al., 2016) Other method applied to research them was based on Synthetic aperture radar (SAR) data in which 
case they were used to derive the surface ice velocities and to compile a new DEM. In this case time series from the 
PALSAR-1 imaging system on board the Japanese Advanced Land Observing Satellite (ALOS-1) satellite for period 
Nov2008-Feb2011 were included   (Osmanoglu et al., 2014) 

The systematically monitoring of glaciers is central for understanding how their flows evolve and what their 
contribution to the sea level was change is and this is the reason why the web portal "Center for Polar Observation and 
Modelling "(CPOM) was created and since then it distributes updated maps of ice velocity for key outlet glaciers of the 
Antarctic and Greenland ice sheets in near real time. The velocity maps are produced by tracking moving features in 
synthetic aperture radar data acquired by the European Space Agency's Sentinel-1 satellite (Hogg, et al., 2015.; Lemos, 
et al., 2018) and specialize in processing data from ESA's dedicated earth explorer polar mission CryoSat. But 
unfortunately the glaciers on Livingston Island are not included in this web portal. 

In the (Spasova, 2019) trace the use of different satellite data and approaches to track the dynamics of the development 
of short-lived snow coverage and its seasonal dynamics around Livingstone Island. Natural objects like water, snow and 
wet snow was analyzed and mapped according to the European Space Agency data (ESA) Copernicus program 
(Copernicus Scientific Data Hub). Results have been obtained for quantitative changes of wet snow and its dynamics. 
The sea ice was analyzed and mapped according to the European Space Agency data (ESA), acquired by sensors of 
Sentinel-1 SAR (Synthetic Aperture Radar), Sentinel- 2 MSI (Multi Spectral Instrument), Sentinel- 3 in GIS 
environment. In the (Spasova et al., 2020) it was demonstrated the dynamics during the summer season from 2015 to 
2019 around the coastline of Livingston Island. Changes in environmental objects are indicated by radar images through 
different processing approaches. The results clearly show that sea ice melting can be best recorded by using SAR data 
using radar instrument in C-band. The results obtained from the data used are in form of thematic maps showing the 
spatial reflectance of sea ice and its dynamics over time.  

STUDY AREA 

This study is to examine the movement of the glaciers close to the Bulgarian base “St. Kliment Ohridski” Perunica 
glacier being the nearest glacier. In this study we map the ice velocity of the Kamchia, Pimpirev, Perunika, Huntress, 
Macy, Prespa, Huron and Kaliakra Glacier (see the map in the fig. 1) which any the largest marine-based ice streams in 
Livingston Island. 

We use the maps in Livingston Island to create polygons (define points with coordinates) describing the boundaries of 
glaciers, so that they can be identified on the SAR images, because currently we do not have in-situ measurements and 
in some cases it is difficult to obtain such. 

The Bulgarian Antarctic cartography started in 1996 with a topographic plan of the Bulgarian base territory at the scale 
of 1:1000 made by (Ivanov, 1996). He was also the main author of the first Bulgarian map of Livingston and Greenwich 
Islands at scale of 1:100000 published in 2005. In 1999 the surveyors B. Aleksandrov and D. Dimitrov made a 
topographic plan of the Bulgarian base area at scale 1:2000. The Geodesy, Cartography and Cadastral Agency of 
Bulgaria published a topographic plan at 1:2000 scale of the entire Bulgarian Beach in 2016. A comprehensive 
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1:120000 topographic map of the five islands in the South Shetlands archipelago – Livingston, Greenwich, Robert, 
Snow and Smith (the first ever map of the last island) was made by Ivanov and the Military Geographic Service of the 
Bulgarian Army in 2009. This map was created using data from the Bulgarian topographic survey Tangra 2004/2005. 
Along with mapping, work in the field of Antarctic geographic information includes also the identification and 
standardized description of significant nameless geographical features to be named after well-known Bulgarian places 
or persons. Since the first two names given in 1989 over 1,400 Bulgarian names of mountains, ranges, peaks, glaciers, 
lakes, islands, peninsulas, bays and other geographical features have been accepted for international usage and 
incorporated in the authoritative Composite Antarctic Gazetteer of the Scientific Committee on Antarctic Research 
(SCAR) (Ivanov, 2020).  

 

Figure 1. Overview Map of Livingston Island (Ivanov 2012) 

The Bulgarian Antarctic Institute included in its 24th program of the Bulgarian Antarctic Expedition on Livingston 
Island the project commissioned by AGCC for conducting geodetic measurements and mapping the area of the 
Bulgarian base in Antarctica “Kliment Ohridski” on the island of Livingston, the surveyors managed, with the help of a 
drone, to survey inaccessible sections as a basis for compiling an accurate topographic map. They were surveyed by 
drone and mapped hitherto unvisited areas of the continent. 

METHOD AND DATA 

The goal of this article is to provide information based the used of remote sensing approach to generate glacier velocity 
maps from Sentinel-1 Level-1 products in Ground Range Detected (GRD) format. Few pairs of Sentinel-1 IW GRD 
products were formed the original data being downloaded from ESA hub or Vertex/Alaska. The input products for 
making a velocity map are two GRD products over the same area acquired at different times. The time interval should 
be as short as possible and to study this site we used few GRD products acquired 12 days apart in the period 04Nov – 
10Dec 2021.  

ESA Sentinel-1's mission consists of two satellites A and B flying at identical altitude with a 180° orbital phase 
difference. The orbit itself is quasi-polar, solar synchronous with a repetition cycle of 12 days and 175 orbits per cycle 
for each satellite. For two satellites, the repetition cycle is six days on the same area of the earth's surface.  
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The glacier’s velocities were calculated by the offset-tracking technique using Sentinel-1 SAR acquisition and open-
source SNAP (SeNtinel Application Platform) software. The first step of the processing procedure for each Sentinel-1 
image was to apply a file containing information about precise orbits. 

Polarization of radar signals Regardless of the wavelength, radar signals can be emitted with electric field vectors 
horizontally (H) or vertically (V) and horizontal (H) or vertical (V) or both can be recorded. The main physical process 
responsible for polarized (HH or VV) reflection is quasi-mirror surface reflections. For example, calm water appears 
black in SAR data. For cross-polarized signals (HV or VH), the recorded signal is usually weaker and is often 
associated with different reflections due to, for example, surface roughness. During this study we used SAR data with 
HH polarization.  

Co-registration of the image pairs was performed using orbital information only. Where available, the orbit information 
provided in the Sentinel-1 satellite metadata has been updated with precise orbit ephemerides provided by the Sentinel-
1 Payload Data ground Segment (PDGS). Gridded ice speeds are produced in GeoTiff format from a smaller extracted 
area across the central trunk of each ice stream, with a 100 meter by 100 meter grid spacing.  

The co-registration step is essential as it ensures that each element of the earth's surface corresponds to the same pixel 
(in range and azimuth) in both the master and slave image. Ideally, co-registration should only compensate for the 
different geometry due to the different viewing angle (parallax effect), which can be compensated by the correct 
transverse stretching of one image. 

One of the main procedures in the processing of GRD products is ''Coregister the Images into a Stack using DEM". In 
this case we faced a problem since the default DEM is SRTM, which covers most area of Earth’s surface between -60° 
and +60° latitude. However, it does not cover the higher latitude area where Livingston Island is located. Therefore, 
GETASSE30 DEM could be selected and used. Areas outside of the DEM or in the sea may be optionally masked out. 
(Vertex, 2021) 

Since the image covers a large area of the part of the South Shetlands Archipelago and we are interested only in the part 
of the Livingston Island area, we created a subset of the co-registered stack that contains the glaciers area only. 

The Offset Tracking operator estimates the movement of the glacier’s surfaces between master and slave images in both 
slant-range and azimuth direction. It performs cross-correlation on points in master and slave images. Then the glacier 
velocities on the points are computed based on the offsets estimated by the correlation. Finally, the glacier velocity map 
is generated through interpolation of the velocities computed on the grid. The Offset Tracking is a technique that 
measures feature motion between two images using patch intensity correlation optimization. It is widely used in glacier 
motion estimation.  

RESULTS 

To produce the results six SAR images were used for velocity calculations. The data were collected for the summer 
periods 2021. Calculations were performed in intervals with the 12 day baseline for each period.  To implement the 
offset-tracking method the Ground Range Detected (GRD) products were used with a pixel spacing of 10 × 10 m and a 
resolution of 20 × 22 m (ESA). The GRD products are preprocessed SAR data that has been multi-looked and projected 
to the ground range using an Earth ellipsoid model (Łukosz at. al., 2022)  

The results of this research are in form of 5 velocity glacier maps obtained by the offset-tracking for period 04Nov – 
10Dec 2021 and different combinations between dates. Maps for this one month period were created containing the 
velocities calculated over a three short and one long time interval. The obtained results differ not only by the magnitude 
of the calculated velocity, but also in the spatial extent where it was possible to locate glacier’s movements. 

The results contain the time series of SAR derived ice velocities for Livingston Island glaciers saved in GeoTiff files 
generated from SNAP and can to be used in GIS software. Also in the geocoding procedure one of the standard map 
projections can be selected. In our case we generated a KMZ file in the WGS84 system and subsequently it imported in 
Google Earth for visualization. Figure 2 shows glacier’s velocities map of Livingston Island from three periods. 
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Figure 2. Glaciers velocities Map of Livingston Island  

For all the above-mentioned glaciers an analysis was made based on the created ice velocity maps for every 12 days of 
the formed time series. The ice velocities were extracted along the two flow lines forming longitudinal and transverse 
profiles. Similar profiles were analyzed for velocities are composed for different time periods Longitudinal profiles 
have been created showing the change in velocity in the direction of glacial flow. The velocity value of movement of 
the glacier is different in different parts. Similarly and visible from the transverse profile in figure 3 the ice velocity of 
the middle of the glacier is a higher value. 

 

 

 
 

b) longitudinal profile 
 

a) Pimpirev Glacier photographed from the 
Bulgarian coast, with Emona Bay.Its 

coordinates are: 62°36′25″ S.  60°25′00″W 
https://bg.wikipedia.org/ 

 
 

c) transverse profile 

Figure 3. Pimpirev Glacier photographed. The ice velocity of longitudinal and transverse profile on glacier  
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The Pimpirev Glacier in Antarctica is 5.5 km west-southwest east-northeast and 1.8 km north-northwest south-southeast 
on Livingston Island. It is located eastward of the Kamchia Glacier, southeast of Tundzha Glacier, southwest of 
Saedinenie Glacier and west of Perunika Glacier. It flows south-southeast into the South Bay along Pimpirev Beach 
between Cape Ereby to the west-southwest and the northern corner of Emona Bay to the east-northeast. 

Glaciers are sensitive to climate change. The fluctuation of the temperature affects the behavior of the glacier and 
particularly its flow and seismic activity was investigation in the (Georgieva et al., 2021). In their study based of 
activity of glacier Perunika was using data from seismic station LIVV, GNSS data from point measurements on the 
surface of the glacier and meteorological data. Perunika Glacier is the closest one to the Bulgarian Antarctic Base.  

The results obtained in our study from the SAR data on the velocities of the Perunica Glacier are comparable to one 
order of magnitude with the velocities obtained from GPS in astral summer of 2015 ( Georgieva et al., 2018) Two types 
of GNSS measurements on the glacier’s surface were carried out: 1) 8 days long continuous recordings of the 
coordinates of one point which was situated close to glacier terminus; 2) measurement of the coordinates of 15 points 
which were spanned on the upper part of the glacier. Joint analysis of the GNSS and meteorological data shows 
correlation between air temperature and the change in the surface velocity of the glacier. A change in the seismic 
activity of the glacier is also observed. The number of the registered ice quakes decreases as the astral winter 
approaches. The observed features of the glacier's behavior can be explained by the melting of the deeper part of the ice 
with increasing of the temperature. Thawed water flows close to the contact plane of the ice with the earth's surface, 
reducing friction and changing the velocity of the glacier and the number of ice quakes (Georgieva et al., 2021)  

CONCLUSIONS 

This study presented the produced glaciers velocities and outlet area changes from two initial months of the summer 
November and December 2021 using SAR data. In the future the time frame of the observation will be expanded and 
using the archived SAR data along with the proposed methodology will create a number of maps of the velocities of 
glaciers. They will provide a better picture concerning the dynamics of the ice cover on Livingston Island and a good 
basis for monitoring climate change. The demonstrated results are a representative sample of the last two months of 
2021, but the study can be based on a longer period and the focus on comparison between summer and winter data. The 
presented monitoring methodology and mapping technique is financially affordable irrespective from difficult access 
regions on the place of research. 
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