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Abstract: The study analyzes the changes in dynamics of the Jakobshavn Glacier in summer and winter in 2017 and 
2021. Satellite radar observations and the available database were used for this. Moreover, the influence of the time 
baseline between SAR images on the quality of the results was also investigated. The velocities computed from Senti-
nel-1 images and the offset-tracking technique were compared with the MEaSUREs database information. The results 
showed that Jakobshavn Glacier accelerated in 2021 up to 39.0 m d−1. However, this value may be underestimated due 
to the resolution of Sentinel-1 data. The results therefore confirm the acceleration of the glacier melting process, which 
may be a result of the observed climate changes on our planet.
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Introduction

Melting of glaciers and global ice mass loss 
are well-known problems nowadays due to 
plenty of existing studies focusing on the conse-
quences of climate change (Joughin et al. 2010; 
Vizcaino et al. 2015, Golledge et al. 2019, Wu et 
al. 2020). Both processes have accelerated in re-
cent years (Hugonnet et al. 2021). The problem of 
melting glaciers occurs not only in polar regions 
like the Arctic or Antarctic (Rignot et al. 2014, 
Lemos et al. 2018a, Tuckett et al. 2019, Joughin 
et al. 2020) but also in mountains (Zhou et al. 
2014, Gatti et al. 2018, Du et al. 2019). The melting 
of glaciers consequently leads to an increase in 

sea-level (Aschwanden et al. 2019, Golledge 2020). 
Greenland is a major contributor to sea-level rise 
and the velocity of the flow of outlet glaciers is 
one of the factors influencing the rate of ice mass 
loss (King et al. 2020). Therefore, persistent mon-
itoring of glacier velocities and their responses to 
changing conditions is necessary for an accurate 
estimation of the mass balance.

This study is focused on the biggest and fastest 
glacier in Greenland, called Jakobshavn. Due to 
the significant velocities of ice displacement ob-
served for many years, it became an object of in-
terest for researchers (Sohn et al. 1998, Luckman, 
Murray 2005, Farness, Jezek 2008). The glacier 
velocity near the terminus position reached 6700 
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m  a−1 in 1985 (Joughin et al. 2004). The velocity 
was estimated by tracking crevasse displacements 
on airborne imagery. Until 1992, the Jakobshavn 
Isbrae was slowing down. The InSAR results 
showed that in 1992 its maximum speed was 5700 
m a−1, but then it started to accelerate rapidly un-
til 2003, reaching even 12600 m a−1. It was caused 
by the warming of the ocean tides (Holland et 
al. 2008). Further studies confirmed observed 
phenomenon in the years 2004–2007 (Joughin et 
al. 2008). The long-lasting acceleration period in 
Jakobshavn glacier history resulted in the record 
velocity noted in the 2012–2013 summer periods. 
The maximum velocity at the terminus exceed-
ed 17000 m a−1 (Joughin et al. 2014). In 2016, the 
glacier slowed down until 2018 (Khazendar et al. 
2019). However in summer 2019, the acceleration 
at the level of 1500 m a−1 was observed (Joughin et 
al. 2020). New research can confirm acceleration 
in the dynamics of glacier movements.

Although the regular observation of glaciers 
is important, it may be challenging due to un-
favourable weather conditions, high velocities, 
and sometimes hindered access to such places. 
Nevertheless, current easier access to satellite 
data allows for persistent monitoring of these re-
gions. Especially useful are radar sensors, which 
acquire data regardless of weather conditions 
(Lee, Pottier 2009). Currently, SAR satellites are 
useful tools in cryosphere monitoring, as they 
are used for observation of displacements of ice 
masses, assessing grounding line position, or gla-
cier mapping (Winsvold et al. 2018, Friedl et al. 
2020, Samsonov et al. 2021). SAR data is used in 
a variety of techniques to estimate surface move-
ments, 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 
(Massonnet, Feigl 1998, Hanssen 2001), while the 
offset-tracking technique is based on intensity in-
formation (Strozzi et al. 2002). Application of the 
InSAR method in regions where dynamic move-
ments of land surface occur may lead to a loss 
of coherence (Trouvé et al. 2005). Wherefore, the 
offset-tracking method is mainly used in ice-cov-
ered areas, where velocities are significant and 
major displacements appear in the horizontal 
plane. This technique is widely used to obtain 
glacier surface velocities (Yan et al. 2013, Strozzi 

et al. 2017, Gomez et al. 2019, Fang et al. 2020, 
Neckel et al. 2020) but also displacement values 
in mining areas (Huang et al. 2016, 2020, Zhao et 
al. 2021) or even in the areas of landslides (Cai et 
al. 2017; Sun et al. 2017) or sand dunes (Mahmoud 
et al. 2020). The accuracy of this method is deter-
mined as 1/10-1/30 of the pixel size (Fan et al. 
2019). There are also other algorithms for glacier 
velocity calculations. Some studies show the po-
tential of applying optical imagery and the fea-
ture tracking method to monitor such areas, but 
a collection of useful optical imagery sets is chal-
lenging due to polar night or mountainous areas 
(Guo et al. 2013, Kääb et al. 2016). Another algo-
rithm used in glacier monitoring is autoRIFT, 
which is also based on normalized cross-correla-
tion but employs progressive window sizes (Lei 
et al. 2021). Another approach is dense image 
matching (Schubert et al. 2013). However, com-
pared to cross-correlation techniques, it is less 
valuable for glaciological purposes and monitor-
ing of large areas.

When the Sentinel-1 mission was released, 
SAR imagery became a popular data source for 
different studies, including glacier areas (Nagler 
et al. 2015). Data is collected at regular intervals 
and open access is provided. Because observa-
tions of surface movements have become easier 
and timelier (Torres et al. 2012), it led to launch-
ing new projects focusing on the usage of satellite 
data, also for glacier monitoring, such as GIMP 
(Greenland Ice sheet Mapping Project). Its main 
objective is to monitor changes in ice sheets and 
selected glaciers in Greenland (Joughin et al. 
2010). Results are distributed by the National 
Snow and Ice Data Centre (NSIDC) as a part of 
the MEaSUREs program. This program is coor-
dinated by NASA and its main aim is to share 
data about the Earth with the scientific commu-
nity. The MEaSUREs database contains glacier 
velocities calculated based on TerraSAR-X ra-
dar images. Both, the Sentinel-1 imagery and the 
MEaSUREs database were used in this research.

In spite that there are some research projects 
collecting information about glacier movements 
through the years (Joughin et al. 2010), an update 
of databases is performed with a delay. In some ar-
eas, including the Jakobshavn glacier, the pace of 
velocity changes is high. Considering that glacier 
flow velocities affect ice mass balance, constant 
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monitoring of such areas is necessary. Therefore, 
the presented research focuses on two objectives:
	– determine the dynamics in 2021 year of the 

Jakobshavn glacier’s movements and compare 
the results with selected previous period;

	– compare the obtained results with the availa-
ble database and verify the existing algorithm.
This study shows a comparison of velocities 

between winter and summer in 2017 and 2021 
for the Jakobshavn glacier. This analysis was con-
ducted to deliver a new information about the 
current velocity of this glacier. Velocities were 
calculated by the offset-tracking technique us-
ing Sentinel-1 SAR acquisition and open-source 
SNAP (SeNtinel Application Platform) software. 
In order to obtain the most reliable results, ve-
locities from 2017 were calculated for different 
time baselines and compared with values from 
the MEaSUREs database. Therefore, it was pos-
sible to assess the influence of the time baseline 
on the quality of the results. Assessment of cur-
rent velocities of the Jakobshavn glacier may ena-
ble an analysis of its response to climate changes 
and deliver reliable data for glaciological society. 
Moreover, an interruption of the slowing-down 
process is a stimulus to study more carefully 
which factors triggered such changes, and ac-
curate velocity monitoring is needed for these 
purposes.

Materials and Methods

Study area

The study area of this research is the 
Jakobshavn Glacier, located in the western part of 
Greenland (Fig. 1). Jakobshavn covers an area of 
about 110 000 km2, its length is more than 65 km, 
and the thickness of the ice masses is about 2 km.

SAR data used in the study

A total of 10 SAR images were used for ve-
locity calculations. They were registered by the 
Sentinel-1 (S-1) twin satellites that deliver sat-
ellite imagery every 6 days almost all over the 
world. The data were collected for the winter 
and summer periods of 2017 and 2021 (Table 1). 
Calculations were performed in 6 intervals with 
the 6-day baseline for each period and additional-
ly 24- and 30-day baselines in 2017. 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 n.d.). The GRD products are preprocessed 
SAR data that has been multi-looked and project-
ed to the ground range using an Earth ellipsoid 
model. Data were acquired in two descending 
passes: pass 127 for images from 2017 and pass 25 

Fig. 1. Location of the area of interest (AOI): A) position of the Jakobshavn glacier on the Greenland map, B) 
precise location of the glacier near Kangia Bay.
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for 2021 data. The images were registered using 
Interferometric Wide mode (IW) with dual hori-
zontal polarization (HH).

MEaSUREs data

Acquired datasets from the MEaSUREs 
program (Making Earth System Data Records 
for Use in Research Environments) consist of 

displacement maps for a selected glacier in 
GeoTIFF format.  Calculations were performed 
on the basis of SAR images, which were acquired 
by twin satellites TerraSAR-X/TanDEM-X from 
the German Aerospace Center (DLR). Delivered 
raster data have a temporal resolution of 11 days 
and spatial resolution of 100 × 100 m. They con-
tain velocities along the x and y-axis with esti-
mated errors for these values, as well as the re-
sultant velocity in m  a−1. In this research, two 
datasets were used. They represent the velocities 
of Jakobshavn Glacier in February and August 
2017 (Fig. 2). The datasets are not published con-
tinuously but are updated regularly (e.g. for 1.5 
years). The current available version delivers 
information about glaciers’ velocities until May 
2021 (Joughin et al. 2021).

The spatial distribution of displacements for 
these periods is similar. The glacier terminus 
slightly retreats in the summer months and the 
velocities are higher. In August, the maximum 
velocity reaches more than 39 m d−1, while during 
February it is about 31 m d−1. The greatest veloci-
ties are near the terminus position.

Table 1. Description of data used in the study.

No. Data of image 
acquisition

Orbit 
number

Time base-
line [days] Period

1 31.01.2017 127 16 Winter 
201706.02.2017 127

2 31.01.2017 127 24
24.02.2017 127

3 30.07.2017 127 16 August 
201705.08.2017 127

4 30.07.2017 127 30
29.08.2017 127

5 03.01.2021 125 16 Winter 
202109.01.2021 125

6 01.08.2021 125 16 August 
202107.08.2021 125

Fig. 2. Velocities of the Jakobshavn Glacier from the MEaSUREs database.
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Processing

To obtain the velocities of a glacier, the in-
tensity SAR data from Sentinel-1 satellites were 
used. The displacements of the Jakobshavn gla-
cier were calculated with the offset-tracking 
method. This technique allows detecting sub-pix-
el offsets between two images covering the same 
area using normalized cross-correlation (Strozzi 
et al. 2002, Xu et al. 2020). Calculations were 
performed using open-source SNAP (Sentinel 
Application Platform) software, provided by the 
European Space Agency (ESA), for six periods 
using the same input parameters (Table 2).

In the first step of processing, for each 
Sentinel-1 image, a file containing information 
about precise orbits was attached. In the next 
step, the pairs of the SAR images were co-reg-
istered using the digital terrain model ACE30. 
Afterward, the offset-tracking procedure was ap-
plied. The corresponding pixels were searched in 
both SAR intensity images. The search area was 
determined by the size of the registration win-
dow, which depends on the maximum velocity 
which can occur in the selected region and the 
time interval between images. In those limit-
ed areas, corresponding points, called Ground 
Control Points (GCP), are searched. In a further 
step, distances between these points are calcu-
lated in range and azimuth direction, and there-
fore maximum velocities and their directions are 
computed. In the last step of processing in the 
SNAP software, the terrain correction was ap-
plied. Georeferenced displacement maps were 
exported into GeoTIFF format.

To carry out spatial analyses, results from 
S-1 images and displacement maps from the 
MEaSUREs database were imported into 
Quantum GIS (QGIS) software and converted into 
one coherent reference system. In the next step, a 
grid of points covering the majority of a glacier 
was created. For each point, velocity values were 
extracted from the MEaSUREs database as well 
as from long- and short-time SNAP calculations. 

On the ground of these data, correlation plots for 
summer and winter 2017 were created. In the last 
stage of analysis, 4 profiles were created for the 
Jakobshavn glacier: one along the main flow and 
3 perpendicular profiles. Plots enabled analysis 
of changes in glacier velocity between 2017 and 
2021. The steps of data processing and analysis 
are presented in the workflow diagram (Fig. 3).

Results

The results of this research are 6 velocity 
maps for Jakobshavn Glacier obtained by the off-
set-tracking technique for February 2017, August 
2017, January 2021, and August 2021 (Fig. 4). For 
February and August 2017, two maps for each 
month were created, containing velocities cal-
culated over a short and long time interval. The 
obtained results differ not only in the value of 
the calculated speed but also in the spatial extent 
where it was possible to locate glacier movements.

In February 2017, two calculating intervals 
were tested to check the influence of time base-
line on the quality of the obtained results. The 
velocities were calculated at 6- and 24-day inter-
vals. For both periods, the area of detected move-
ments also covers part of the sea-ice floating in 
the Kangia Bay. For a shorter time baseline, the 
maximum glacier speed is 31.4 m d−1 and in the 
longer interval, it reaches 27.5 m d−1. For a 24-day 

Fig. 3. Workflow.

Table 2. Parameters for the offset-tracking procedure.
Parameters

DTM ACE30
Grid size 20 × 20 pxl (200 × 200 m)

Searching window 128 × 128 pxl
Max velocity 40 m d−1
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period, velocities are lower in the whole area of 
the Jakobshavn glacier. Moreover, the continuity 
of results is disturbed, and more noises appear. 
The maximum values appear near the terminus 
but there is no visible cut-off between the glacier 
tongue and sea-ice cover.

The results of the calculations in both inter-
vals were compared with the velocities from the 
MEaSUREs database. The correlation plots were 

created for each pair (Fig. 5). The correlation co-
efficient for a long interval is 0.25 and for a 6-day 
period is 0.67. The correlation plot for the 24-day 
baseline is characterized by a large dispersion of 
points. A shorter calculation interval results in a 
significant increase in R2 value.

For August 2017, velocities were also calcu-
lated for two intervals: 6- and 30-days (Fig. 6) 
and compared to the values from the MEaSUREs 

Fig. 4. Velocities for winter 2017 obtained from short and long intervals.

Fig. 5. Correlation plots for winter 2017.
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database (Fig. 7). A shorter baseline showed a 
maximum velocity of 25.0 m d−1. The shape of the 
glacier and the spatial extent of displacements is 
similar to data presented in the MEaSUREs da-
tabase. In the map created for a longer period, 
a large number of noises are visible. It was also 
impossible to determine velocities near the gla-
cier terminus. The maximum speed is less than 
23.0 m d−1. The correlation plots for summer 2017 

present similar results to those from the winter 
(Fig. 7). The 30-day interval shows lack of corre-
lation between velocities from the SNAP and the 
MEaSUREs database. The correlation coefficient 
for 6-day calculations is equal to 0.78. For both 
periods summer and winter 2017, a significant in-
crease in data quality is visible with a shorter time 
interval. Velocities from 6-day calculation peri-
ods show a higher correlation with values from 

Fig. 7. Correlation plots for summer 2017.

Fig. 6. Velocities for summer 2017 obtained from long and short calculation intervals.
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independent datasets. They also contain fewer 
noises and present more reliable results near the 
terminus and borders of a glacier. However, for 
both seasons, Sentinel-1 data present an under-
estimation of displacement values compared to 
TerraSAR-X/TanDEM-X results.

The MEaSUREs database contains informa-
tion about the velocity of selected glaciers but it 
is not updated regularly. To obtain information 
about velocity of glacier in newer period, it was 

necessary to calculate displacement using only 
Sentinel-1 data. Tests for 2017 datasets showed 
that shorter intervals deliver more reliable re-
sults, so calculations in winter and summer 2021 
were performed at 6-day intervals. The maximum 
velocities for both seasons are similar. In January, 
it is 38.0 m d−1 and in August, about 39.0 m d−1 
(Fig. 8). However, in the map from summer, it is 
visible that high displacement values are located 
in a large part of a glacier located near Kangia 

Fig. 8. Velocities of the Jakobshavn Glacier in winter and summer 2021.

Fig. 9. Location of profiles.
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Bay. Moreover, data from August 2021 present 
another small part of moving ice cover in the 
west-north part of the map. In winter 2021, no 
significant movements were registered in this 
part. For both seasons, the spatial distribution of 
maximum velocities is similar compared to the 
MEaSUREs database.

To describe changes in glacier dynamics, ve-
locities along 4 profiles were compared between 
2017 and 2021 (Fig. 9). One profile was selected 
along a line representing the flow of a glacier. 
3 profiles were created transverse to the flow 
line: near the terminus position, in the area of 
the middle and low values of velocities. Profiles 
were created for the winter and summer months. 
A comparison was performed on the 2017 SNAP 

results, the MEaSUREs database, and velocities 
in 2021 obtained from the SNAP software.

Profile 1, located near the front of a glacier, 
shows slight acceleration of a glacier. The maxi-
mum velocity in this part of the glacier increased 
by about 5.0 m d−1, taking into account only the 
results from SNAP. The 2nd profile shows that 
velocities calculated based on Sentinel-1 im-
ages did not change significantly. Values from 
the MEaSUREs database present similar veloci-
ties but they are horizontally shifted compared 
to SNAP results. For the winter months, profile 
3 shows similar changes in the glacier velocity 
in 2017 and 2021 (Fig. 10). The last profile was 
analyzed along with the main flow direction of 
the glacier. The mean deviation between SNAP 

Fig. 10. Winter profiles presenting velocity values.
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velocities from 2017 and 2021 was 2.3 m d−1 and 
between MEaSUREs database 2.5 m d−1. For most 
of the glacier length, velocities did not change 
in analyzed periods. The biggest deviations are 
observed closer to the terminus position. The 
Jakobshavn glacier increased its velocity in 2021. 
The maximum velocity along profile 4 reaches in 
2021 more than 10 meters more related to similar 
period in 2017.

Similar profiles were analyzed for velocities 
in August 2017 and 2021 (Fig. 11). In each of the 
4 profiles, a speedup of the Jakobshavn glacier 
is visible. However, deviations between SNAP 
values from 2017 and 2021 are greater than in 
comparison with MEaSUREs velocities. In the 
first profile, maximum velocity has changed by 

almost 20 m  d−1 between SNAP calculations. 
Compared to the MEaSUREs database, the max-
imum velocity of the glacier increased by almost 
10 m d−1. Profiles 2 and 3 also show an increase in 
velocity values in August 2021. SNAP velocities 
are higher even about 8–10 m d−1 but comparison 
with independent database also shows accelera-
tion at the level of a few m d−1. Profile 4, present-
ing changes in the velocity alongside the main 
flow of the glacier, shows a speedup along the 
entire glacier in summer 2021. In the front part of 
a glacier, the increase in velocity reaches even 20 
m d−1. Values from the MEaSUREs database from 
2017 show smaller changes in velocity. However, 
the velocity has changed by almost 10 m d−1 in 
areas of the greatest velocities.

Fig. 11. Summer profiles presenting velocity values.
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Discussion

The presented study shows that calcula-
tions using the offset-tracking technique deliver 
more reliable results for shorter time baselines. 
Velocities based on shorter intervals show a high-
er correlation with values from the MEaSUREs 
database. Fast changes in glacier structure prob-
ably resulted in the poor quality of the results 
from the long interval. However, even for a short 
time baseline, there are differences between these 
two sources. It probably results from the differ-
ent pixel sizes of SAR images. Cross-correlation 
algorithm aggregates the information from lower 
resolution of Sentinel-1. Thus, the satellite signal 
is averaged over a larger area, which results in un-
derestimating the maximum values compared to 
the results for TerraSAR-X data. The results also 
reveal an acceleration of the Jakobshavn glacier 
in 2021 compared to 2017. The acceleration is vis-
ible between calculations in the SNAP software, 
which were conducted on the same input process-
ing parameters. The velocity change at the level 
of several or even a dozen meters between those 
two periods is significant. According to previous 
studies, the velocity of the Jakobshavn glacier had 
been decreasing until 2018 (Khazendar et al. 2019). 
In 2017, a slow-down period was observed (Riel 
et al. 2021) and even the seasonal variability of 
ice speed diminished (Lemos et al. 2018b), which 
is also visible in the presented velocity maps. In 
2019, this downward trend (Joughin et al. 2020) 
was disturbed, but there were no more studies 
confirming the trend reversal. The results of this 
research for 2021 indicate that the Jakobshavn 
glacier started to accelerate again, and 2019 was 
probably the turning point. Moreover, in summer 
2021, the calculated maximum velocity reached 
39.0 m d−1, which is in agreement with a prediction 
from 2020 (Willis et al. 2020). The expected value 
of ice velocity was 14.4 km a−1, which corresponds 
to approx. 39.5 m d−1. What is more, a yearly anal-
ysis of the Greenland ice sheet also confirmed that 
the Jakobshavn Isbræ has accelerated again be-
tween 2020 and 2021 (Mottram et al. 2021).

Conclusion

In this research, results obtained for 2017 al-
lowed comparison of existing algorithms used in 

glacier dynamics studies. Results from Sentinel-1 
data present underestimation of displacement 
compared to the MEaSUREs database results. 
Furthermore, the use of open-source software 
and Sentinel-1 data in this research allowed 
confirmation of the acceleration trend for the 
Jakobshavn glacier. However, due to fact of low 
resolution of Sentinel-1 data, it should be sup-
posed that the maximum value of the velocity 
in 2021 is greater than obtained result 39.0 m d−1.  
Taking into account the possible underestimation 
of the results for the Sentinel-1 data, the obtained 
results can be important in research of glacial dy-
namics, as the results of climate change. It is also 
important to deeper analyze the possible causes 
of such acceleration because it can result in fur-
ther thinning and melting of a glacier. In further 
research, the possible causes of velocity changes 
should be analyzed, including weather condi-
tions such as temperature and precipitation, or 
sea temperature. Nonetheless, the variability of 
velocity changes is one of the crucial aspects in 
glacial changes studies.
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