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Abstract. The study of Antarctic glaciers and ice sheets velocity is one of the most discussed topics. Such high interest in this
topic is primarily because the ice from the Antarctic glaciers, which gets to the ocean, significantly affects the ocean level and
the global climate. Development of modern satellite technologies for Earth remote sensing made it possible to elaborate a
number of methods for ice sheets’ displacements estimation and calculation of such displacements velocities. This work uses
remote sensing data from the satellite system Copernicus Sentinel-1 to estimate the ice cover velocities in the Kyiv Peninsula in
the time interval from December 2020 to March 2021. To this end, 10 radar images of the study area from early December to the
end of March were used with an interval of 12—14 days. All selected images were analyzed in pairs to establish changes on the
surface for the selected time interval. GRD-format images from Copernicus Sentinel-1 satellite, corrected for Earth's ellipsoid
shape, were used. Based on the offset tracking operation, we calculated the speeds of ice cover movements within the Kyiv Pe-
ninsula for each pair of images with approximately two weeks' time difference. As a result, the speed of ice movements varies
considerably and at the glacier mouth can reach 3.5—4 meters per day. Also, the rate of ice displacement in the glacier body
changed over time. Thus, the highest ice velocities were in the glacier's mouth. However, short-term time intervals of intensifica-
tion were recorded for the rear and even the marginal parts of the glaciers in contact with the ice sheet. Thus, the lowest part of
the glacier activating sequence leads to the upper part shifting. Notably, this increase in the displacement of ice cover was re-
corded in February, one of the warmest months in this part of Antarctica.

Keywords: Kyiv Peninsula, Sentinel-1, glacier velocity, remote sensing

1 Introduction ding is employed to record the glaciers’ state and po-

sition progressively more often (Savchin & Shylo, 2020;

The science of Antarctic glaciers’ displacement velo-
cities is lately a topic of a most active discussion (Ba-
umbhoer et al., 2018; Wearing et al., 2015; Wesche et
al., 2013). Such attention to this question is not ac-
cidental: the Antarctic holds the largest ice reserves
in the world (Fox et al., 1994), yet they are destroyed so
fast, losing ice and meltwater at such pace, that their
effect on changing ocean levels and global climate is
quite significant (Vaughan et al., 2013). Field moni-
toring of ice sheets’ state is complicated by matters
both technical and climatic. Therefore, remote soun-
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Baumbhoer et al., 2018; Liang et al., 2021). Typically, stu-
dies track displacements and changes of the glaciers’
edge margins (Baumhoer et al., 2019; Wearing et al.,
2015; Wesche et al., 2013). Practically all the cited re-
searchers use Earth remote sounding methods to some
extent. Usually, they rely on satellite radar systems
like RADARSAT-1, MODIS (Moderate Resolution
Imaging Spectroradiometer), Cryo Sat-2, or Coper-
nicus Sentinel-1 (Wuite et al., 2019). Using multi-
spectral satellite systems like Landsat 7, 8, or Coper-
nicus Sentinel-2 imposes some limitations and strong-
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ly depends on the cloud coverage over the studied
area (Huber et al., 2017).

Current developments in satellite observation and
especially data treatment gave rise to techniques to
evaluate dynamic changes in ice sheets. This paper
aims to estimate the rate of ice sheets’ and glaciers’
displacement rates within the Kyiv Peninsula of the
Graham Coast based on satellite data of Copernicus-
Sentinel-1.

The object of our research is the ice cover of the
Kyiv Peninsula. The area includes both ice sheets and
glaciers. Thus, practically the whole coast area is oc-
cupied by large glaciers’ outcrops, with glacier
troughs divided by rock edges and crystalline rocks
often piercing the ice through to the surface as sepa-
rate peaks and ridges. The central part of the penin-
sula lies under an ice sheet that thins down coast-
wards. Glaciers nest in broad valleys, backed steeply
behind by the plateau ice sheet and fanning out in
front to the shore itself. They bear meltwater’s tracks,
splits, and crevasses; it is precisely within glaciers that
the highest displacement velocities are to be expect-
ed. Therefore, our research focussed mainly on es-
tablishing the field of ice movement velocities in dif-
ferent parts of the Kyiv Peninsula. The time range was
December 2020 to March 2021.

2 Data and methods

Our study used Sentinel-1 data for the Graham Coast.
The satellite bears the C-SAR equipment to record
observations in any weather, nighttime or daytime. The
apparatus’s active antenna has radiation frequency of
5.405 GHz and receives reflected waves of this range.
In this way, the ground is mapped along with the
coastal strip and the ice sheet cover, and the reflec-
tion intensity of the chosen wave range is established
for different kinds of surfaces. For our study, we se-
lected Level-1 pictures which have precise spatial and
temporal tags.Moreover, they include information
on the height markings corrected for the Earth’s el-
lipsoid shape (Ground Range Detected data). The data
have 10-meter resolution per image pixel.

The pictures are available at the Copernicus Open-
Access Hub. The data of Sentinel-1 sounding are up-

dated once a fortnight. Thus, the images we used for the
chosen time range were taken on 02.12.2020; 14.12.2020;
26.12.2020; 07.01.2021; 19.01.2021; 31.01.2021;
12.02.2021; 24.02.2021; 08.03.2021; 20.03.2021.

To treat the data, we used the Sentinel Application
Platform (SNAP), freely available on the European Spa-
ce Agency website (https://step.esa.int/main/download/
snap-download/).

The procedure consists of the following steps:

1. Matching coordinates and co-registering pictu-
res of the same area taken on different days. To match
two images, one is chosen as the dependent one, and
all its pixels are corrected in space by the coordinates
of the other chosen as the main one. For this to be
possible, all pictures must be accurately tagged. The
pairs of pictures we selected were taken the minimal
time interval apart, i.e. 02.12—14.12.2020; 14.12—
26.12.2020; 26.12.2020—07.01.2021; 07.01—19.01.2021;
19.01—31.01.2021; 31.01—12.02.2021; 12.02—24.02.2021;
24.02—08.03.2021; 08.03—20.03.2021. This way, we
identified nine time intervals for which we deter-
mined changes in ice sheet covers and calculated ice
displacement velocities.

2. Delineating the study area. The step directly al-
lows determining the study area. A full picture by
Sentinel-1 encompasses 250 by 170 km of the Earth’s
surface, together with a big patch of the water area
near the Graham Coast. So to optimize the work and
precisely determine the work area, we would take
only a part of an image 61 by 82 km in size to analyze
only the shoreline part of the Graham Coast and the
Kyiv Peninsula in particular (Fig. 1a).

3. Determining the glaciers’ displacement velocities
based on tracking of the differences at a later date.
This is done with a software procedure of Offset-
Tracking Operation for a pair of related images with
precise geo-positioning. The function was developed
directly for glacier movement monitoring. It requires
a specific sequence of actions starting with choosing
two related images having reference points. These
reference points should be present on both pictures
and have precisely identified spatial coordinates. The
points are selected automatically without human input.
Secondly, the program computes spatial displacement
for every chosen reference point. Since every image
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has precise coordinates in space and time, it is pos-
sible to calculate the displacement velocities for every
reference point. Thirdly, the digital surface of ice sheet
velocity is calculated on reference points’ numbers
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Figure 1. Area of study (a); ice sheet displacement velocity of the Kyiv Peninsula

averaging procedure.We chose positions of reference
points for all pairs of images so that a plot of 400 by
400 m included one such point. The total number of
reference points was 31930. This allowed us to draw a
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Figure 2. Kyiv Peninsula glaciers ice displacement velocity from 31.01.2021 to 12.02.2021

sufficiently detailed and accurate velocity field for ice
sheet displacements within the Kyiv Peninsula.

4. Geo-positioning of the ice sheet displacement
velocities and fitting the field to the landscape’s dig-
ital surface. This includes precise geographical loca-
lization of every reference point and correction of its
height markings. Because of the incline of the satelli-
te’s sensor and the landscape specifics, the computed
heights can somewhat mischaracterize the actual land-
scape. These deviations are compensated for by the
orthorectify method of Range-Doppler Terrain Cor-
rection (Small & Schubert, 2008). It incorporates in-
formation about the orbit state, radiosounding chro-
nometry, and the sensor’s angle relative to the planet
surface taken from the metadata accompanying every
satellite image used. Also, the height markings are
checked against the preexisting digital landscape mo-

del. For the study area, the height correction was
done based on the digital surface ACE30 GDEM.

The described procedure yielded nine maps of ice
sheet displacement velocities for the Kyiv Peninsula
of the Graham Coast (Figs. 1, b—j).

3 Results

The maps of ice sheet displacement velocity on the
Kyiv Peninsula show it is quite variable in time and
space. By remote observations, the ice sheet displace-
ment velocity reaches 3.5—4 m/day for the glaciers,
with an average of 1.5 to 2.5 m/day. The highest re-
corded velocities were observed for the Funk Glacier,
Trooz Glacier, Daguerre Glacier, and Talbot Glacier.
(Figs. 2, 3)

Most of the ice sheet remained practically station-
ary. However, one should note that the glaciers are in

ISSN 1727-7485. Ykpaincokuii anmapkmuunuii acypran, 2021, Ne 1, https.//doi.org/10.33275/1727-7485.1.2021.663 27



S. Kadurin, K. Andrieieva: Ice sheet velocity tracking by Sentinel- 1 images

Figure 3. Kyiv Peninsula glaciers ice displacement velocity from 12.02.2021 to 24.02.2021

any case fed by the ice input from the sheets. Thus, at
the ice sheet and the glacier border, there occasion-
ally break off ice masses that begin to move more
swiftly to the seashore. Our study revealed a particu-
lar order of these events. From early December to the
end of January 2021, the main displacements were in
the glaciers’ mouths. Then, over the rather short pe-
riod from January 31 to February 12, 2021, there
moved ice masses in the inland parts of the glaciers
(Fig. 2). This, in its turn, led to the displacement of
the hindmost glacier parts (Fig. 3). All of this shows
that glaciers move gradually, and ice input occurs not
only due to new ice added on by precipitation but
also due to the mobilization of sheet ice.

4 Discussion

Studies on the evaluation of Antarctic glaciers’ dis-
placement using radar satellite systems are a much-

discussed topic lately (Zhou et al., 2011; Wearing et
al., 2015; Mengzhen et al., 2020).The velocity of gla-
cier movement depends on a whole complex of caus-
es, of which the most powerful are the climate’s influ-
ence (Cook et al., 2005), the ocean’s influence on
the glacier’s outer margin (Cook et al., 2016), and
the glacier’s internal dynamics (Lovell et al., 2017).
As a result, for different glaciers, velocities vary with-
in a fairly wide range from practically zero to 660 m
per year (Jawak et al., 2019; Jawak et al., 2018) in dif-
ferent parts of a glacier depending on the season.
Thus, practically every study pointed out that the ve-
locity of ice displacement in the ice flow grows from
the glacier’s head to the mouth, reaching the highest
values exactly at the edge of the sea. Besides that,
within the ice sheet on the plateau, the displacements
are practically absent. Thus, the ice flow somewhat
accelerates from the glacier’s inland border towards
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its mouth. Such a "gain in momentum" should be ac-
commodated by an incoming ice volume and lead to
disjunctions in ice flow. As the lower part of the gla-
cier accelerates, a system of crevasses crisscrossing
the glacier’s body is readily observable at all near-
mouth parts of glaciers.

The research of ice displacement within the Kyiv Pe-
ninsula is uncommon among similar studies in Antarc-
tica in that it uses small time intervals. Due to such ob-
servations, it became possible to pinpoint the changes in
ice velocity in different glacier parts at different times.
The displacements occur as a sequence. At first, the
most actively moving parts are the lower ones. This, in
all probability, causes shear stress between the boundary
of the faster-moving lower part and the slower upper
one. The stress is relieved by ice from the upper parts
accelerating for a short while. This latest displacement
activates movement at the boundary between the ice
trough and the plateau within the bergschrund. This
displacement stage is also relatively short, but it allows
for upper parts of the glaciers to stabilize and, most
probably, some more ice to be added from the plateau.

5 Conclusion

As a result of the research, we found that ice sheet at
the Kyiv Peninsula from December 2020 to March
2021 demonstrates different patterns of displacement
velocity in different parts. Velocity varies from practi-
cally zero within the ice sheet to 3.5 m/day in the
mouths. Glacier displacement velocities vary from the
mouth to the head. Ice moves the fastest at the mouth
in contact with the ocean. However, periodically dis-
placement of the head ice accelerates for a short while,
leading to a corresponding displacement of the berg-
schrund. Such sequential displacements of ice masses
were recorded for the Kyiv Peninsula during February
2021, that is, during the summer season. Remote ob-
servations of the changes and dynamics of ice sheet
displacement of the Kyiv Peninsula allow us to obtain
timely, relevant, and objective information but do re-
quire verifying the data by in situ surveys.
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BincTe:kenns mBUIKOCTI PyXiB JIbOIOBOTO MOKPOBY Ha miBocTpoBi Kuis 6eper Ipeiiama

3a JIONOMOr0K0 CYNyTHHKOBHX 3HIMKIiB Sentinel-1

Pedepar. [lociimxeHHs IBUAKOCTI PyXiB JIbOAOBUKIB B MPUOEPEXKHill 30HI AHTAPKTUIU € OAHIEI0 3 HAOILIbII aKTUBHO 00-
TOBOPIOBaHUX TeM. Takuil 3HaYHUI iHTEpeC 0 1€l TeMU TOB’sI3aHUIi, B TIEPIITy Yepry, 3 TUM, 110 KPUTA, SKa MOTPATUISIE IO
CBIiTOBOTO OKeaHy 3 aHTaPKTUYHUX JIbOJOBUKIB, iCTOTHO BIUIMBAE HA PiBEHb OKEaHy Ta Ha robanbHUil Kiaimat. Po3Butok
CyYaCHUX CYIyTHUKOBUX TEXHOJIOTiM AUCTAHLIIIHOTO CIIOCTEPEXEeHHST 3eMJIi J03BOJUB PO3POOUTU MEBHY KiJIbKICTb METOIUK
OLIIHKM 3MillleHb JIbOJOBMKOBUX MTOKPOBIB Ta PO3PaxyHKY IIBUIKOCTEH TaKMX 3MillleHb. MeTOl0 11iei poOOTH € 3aCTOCYBaHHS
NIAaHUX TUCTAHIINHOTO 30HAYBaHHS 3eMJii 3 cymyTHUKOBOI cuctemMu Copernicus Sentinel-1 g OMiHKKM IIBUIKOCTEH pyXiB
JIbOIOBUKOBOTO IMTOKPOBY B MeXax miBocTtpoBa KuiB y uacoBomy intepBati 3 rpymasst 2020 o 6epesennb 2021 poky. st nocsr-
HEHHSI BCTAaHOBJICHOT MeTH Oy 3acTocoBaHi 10 pamapHMX 3HIMKIB TEPUTOPIi, 110 BUBYAJAcs 3 TIOYATKY TPYIHS 0 KiHIIS
Oepe3Hs 3 iHTepBaJioM y Yaci 3ioMKku y 12—14 1i6. O6paHi 3HIMKM aHaJTi3yBaJIuCs MOMAapHO Tak, 11100 BCTAHOBUTH 3MiHHU, SIKi
BUMHUKJIM Ha TOBEPXHi 3a 00paHUil iHTEepBaJl yacy. 3acTocoBaHi 3HIMKM cynmyTHUKOBOI cuctemu Copernicus Sentinel-1, siki
MaloTh KopeKllito 3a (hopmoro enirncoiny 3emii y GRD ¢opmati. Ha ocHoBi MeToguku ogeetHoro Tpekinry (Offset Tracking)
IIJIs1 KOXKHOI IMapy 3HIMKIB 3 pi3HULIEI0 Y Yaci MpUOJIM3HO Y ABi Heisli Oy po3paxoBaHi NIBUAKOCTI PYXiB JIbOJOBOTO TOKPOBY
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B MexXax miBoctpoBa KuiB. BcTraHoBieHO, 1110 MIBUIKICTh PyXiB KOJMBAEThCS Y 3HAUHUX MeEXKaX Ta y MPUTUPJIOBUX YaCTUHAX
JILOJIOBUKIB MOXe pocsratu 3,5—4 meTpiB Ha 100y. Takox BCTAaHOBJIEHO, 11O IIBUAKICTb 3MillIEeHHSI KPUTH Y TiJli JIbOJIOBUKA
3MiHIOETBHCA y Yaci. Tak, HalOLIbIIi 3HaYeHHSsT (DiKCYIOThCS y PUTMPJIOBil YacTUHi, aie 0yiu 3adikcoBaHi KOPOTKOCTPOKOBI
IHTepBaIM Yacy, KOJIM CJIiIOM 3a HUXKHBOIO YaCTUHOIO JIbOAOBUKIB aKTUBi3yBaJIUCs i TUJIOBI Ta HaBiTh KpailoBi YaCTUHU JIbO-
JIOBMKIB, sIKi po3TallloBaHi Ha KOHTAKTi 3 JIbOJOBUM MOKPOBOM IuIaTo. TakKMM YMHOM, BUHMKAE TOCiIOBHICTb PyXiB, KOJIU
aKTHWBi3allisl HXKHBOI YaCTUHU JIbOZOBUKA TIPU3BOIUTE 10 3PYIICHB OLTBII BUCOKO PO3TallloBaHUX YacTHH. CITif 3a3HAYNTH,
1110 TaKa aKTUBi3allis 3MilllEHHS JTbOIOBOTO TTOKPOBY Oyia 3adikcoBaHa y motoMy 2021 poKy, 110 CITiBMaga€e 3 OTHUM 3 Haii-
OLIBbII TETUIMX MICSLIIB Y LIl YaCTUHI AHTAPKTUKU.

Kumouosi ciioBa: riBoctpiB Kuis, Sentinel-1, mBUAKICTb TbOAOBUKIB, TUCTaHIliiHE 30HIyBaHHS 3eMJIi
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