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SUMMARY 

 
 

The results of glacier monitoring on Galindez Island and Winter Island (the Argentine Islands in the 

Wilhelm Archipelago, Antarctic Peninsula) in 2013-2019 are presents. The main objective of research 

was to determine how the volumes of glaciers changed in 2013-2019 in the course of a complex 

study. The materials of the Ukrainian seasonal expedition of 2013-2019 was used: terrestrial laser 

scanning data of 2013, 2014, 2018, terrestrial digital photography of 2013, 2014, 2018, 2019 and an 

unmanned aerial vehicle survey of 2019. The technique was used to determine changes in the volumes 

of glaciers can significantly improve both the speed and accuracy of the measurements. It included 

complementary processing of scanning data and digital photography of 2013-2018, and digital 

photography and aerial survey of 2019. Changes in the volumes of glaciers were calculated for the 

western and southern parts of the glacier on Galindez Island and the southern part of the glacier on 

Winter Island. The results demonstrate significant changes since 2002. This is confirmed 

quantitatively by independent studies of the West of the peninsula. Monitoring of the dynamics of 

glacier volumes enables detection of climatic and glaciological changes in the Antarctic region.
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Introduction 
 

The Antarctic ice cover is a complex natural system whose internal dynamics is sensitive to both 

atmospheric and oceanic influences. A deeper understanding of the underlying processes may have a 

profound impact on the development of prognostic models. The reason for such a global loss of the ice 

cover has been climate change. A significant change, or to be precise, significant warming, has been 

registered in the Antarctic Peninsula (AP) region. The late XX century was characterized by elevations 

in surface temperatures, melting of glaciers and increased snowfall (Thomas & Tetzner, 2018). The 

strongest trends toward climate warming are observed in the west and north of the Peninsula; the region 

exhibits the most drastic year-to-year variation on the entire continent (Turner, Barrand, et al., 2014). 

Notably, the highest statistically significant trend of +0.54° C per decade has been recorded at 

Akademik Vernadsky station (1951–2011). The progressive rise in air temperature is connected with a 

sequence of glacial events on the AP in the 1990s (Silva et al., 2020), such as iceberg calving, 

fragmentation of shelf glaciers, alterations in the height of the snow line, collapse and melting of shelf 

glaciers. The observed changes indicate that the AP rapidly reacts to climate change, but it is not 

uniform across the region (Shepherd et al., 2019, Marusazh et al., 2020). Despite the tendencies toward 

regional warming in the west of the AP at the end of the XX century, the mean annual temperature 

decreased during 1999–2014 at a statistically significant rate (<5%) (Turner, Lu H, et al, 2016). One 

hypothesis is that the rapid warming after the 1950s and further reduction in temperature increases after 

late 1990s are not connected with global changes in temperature but reflect a large-scale natural 

variation in the regional atmosphere circulation. This underscores the need for longer observations of 

temperatures and other meteorological parameters in order to evaluate regional climate variability. 

 

Data and Method 

 
Terrestrial digital photography (TDP) and terrestrial laser scanning (TLS) are used for monitoring of 

island glaciers and their frontal parts. Another approach to observation of melting glaciers is to apply 

current means of remote surveys, such as images taken by unmanned aerial vehicles (UAV). In view 

of this, the complex method has been modified for the use of terrestrial digital stereophotogrammetric 

and UAV survey. The use of a complementary methodology can significantly increase the speed and 

the accuracy of glaciers measurements (Marusazh, et al, 2019). 

 

For glaciers monitoring on Galindez Island and Winter Island (the Argentine Islands in the Wilhelm 

Archipelago, Antarctic Peninsula) in 2013-2019 the data were collected by Ukrainian seasonal 

expedition: TLS was done in 2013, 2014, 2018, TDP in 2013, 2014, 2018, 2019 (Figure 1-6) and 

UAV survey in 2019.  

 

 
Figure 1 Overall view of the western side of the glacier on Galindez Island in April, 2013 

 

 
Figure 2 Overall view of the western side of the glacier on Galindez Island in April, 2019 
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Figure 3 Overall view of the southern side of the glacier on Galindez Island in April, 2013 

 
Figure 4 Overall view of the southern side of the glacier on Galindez Island in April, 2019 

 
Figure 5 Overall view of the southern side of the glacier on Winter Island in April, 2013 

 
Figure 6 Overall view of the southern side of the glacier on Winter Island in April, 2019 

 

For terrestrial laser scanning we used Faro Focus 3D S 120 scanner. Terrestrial digital photography 

was done using digital cameras Canon EOS 450D and Canon EOS Mark III D. The focal distances 

used to take the images were 16 mm, 18 mm, 35 mm and 55 mm. Cases of surveying: normal and 

convergent. For the UAV survey, we used Trimble UX5 with Canon EOS Mark III D camera. The 

processing of the obtained digital survey materials was performed at the Delta-2 digital 

photogrammetric station using the Digitals software. The procedure includes preparatory steps, 

preliminary processing of the input data, image orientation and creation of a digital elevation model 

(DEM). GML C++ Camera Calibration Toolbox software was used to account for distortions in the 

images. The images obtained after removal of distortions at known coordinates of the projection 

centers of the images are oriented. In order to create the DEM, regular grid interval and grid node 

density have been calculated (Tretyak et al., 2016). The UAV pictures were processed using 

Pix4Dmapper. The preparation of terrestrial laser scanning data was done using software developed 

for the company's laser scanner Faro Scene. After filtering data, scans were combined into a single 

point model using automatic recognition of reference targets with subsequent editing and verification. 

The resulting 3D model was assigned textures obtained by laser scanning. Based on the combined 

processing of all material point models of glacier frontal parts on Winter and Galindez islands were 

created. 
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The changes in glacier surface volumes were calculated using the Cyclone software. Triangulated 

irregular network (TIN) models were created based on the combined models. In order to determine 

volume changes, a rectangular prism method is proposed. The precisely vertical reference plane was 

constant for all observation cycles. The changes in volumes relative to the plane were first calculated, 

and then the differences between the sequential cycles, i.e. the changes in glaciers' volumes, were 

found. 

 

Results of investigations 

 

The changes on surface volumes were determined based on the data obtained by TLS, TDP and UAV 

imaging of the western and southern frontal parts of the Galindez glacier and the southern outlet of the 

Winter glacier (Table). In order to compare the changes in surface volumes we provide the results of 

previous studies of the glaciers (Tretyak et al., 2016) started in 2002. All observations were made in 

March or April. However, all the relevant seasonal Antarctic observations were interrupted from 2005 

to 2013, and then from 2014 to 2018, which is why the observation cycles are not constant.  

 

Table. Changes (reduction) in surface volumes of island glaciers 
Glacier on Galindez Island, 

western part 

Glacier on Galindez Island, 

southern part 

Glacier on Winter Island, 

southern part 

Time period 
Volume 

change, m
3
 

Time period 
Volume 

change, m
3
 

Time period 
Volume 

change, m
3
 

2002 - 2003 23,000 2002 - 2003 1,500 2002 - 2003 - 

2003 - 2004 28,000 2003 - 2004 350 2003 - 2004 1,250 

2004 - 2005 17,000 2004 - 2005 4,800 2004 - 2005 4,800 

2005 - 2013 64,000 2005 - 2013 94,000 2005 - 2013 82,000 

2013 -2014 16,000 2013 - 2014 500 2013 - 2014 1,400 

2014-2018 1,200 2014 - 2018 600 2014 - 2018 800 

2018 -2019 36,000 2018 - 2019 1,100 2018 - 2019 9,800 

 

According to Cisak et al. (2008), in 2000-2005 the glacier on the Galindez Island lost overall 2-3% of 

its volume, which is 20,000 m
3
/year, on average. According to Tretyak et al. (2016), on average, the 

Galindez glacier shrinks at 12,000 m
3
/year (western part) and 9,150 m

3
/year (southern part), and the 

southern part of the glacier on the Winter Island shrinks at 8,800 m
3
/year. By the data for 2013-2019, 

the volumes of glaciers have decreased, but not uniformly. As already mentioned, the thickness of the 

snow layer can have an impact on the apparent volume, obscuring the actual change. A negative 

factor complicating the interpretation of the results is the non-regularity of monitoring (long intervals 

between observation cycles). Comparison the changes in frontal parts of glaciers on Galindez and 

Winter islands with the calculations for ice volumes on the overall glacier surface (Karušs et. al, 

2019) leads to the conclusion that in 2013-2019, the glacier on Galindez Island lost overall 

approximately 2.5% of volume, and the one on Winter Island – approximately 1.5%. The general 

trend to melting of the Antarctic Peninsula glaciers can be observed in other contemporary 

publications. Confirmation that AP responds quickly to climate change is presented in (Silva et al., 

2020), whereby the authors characterize glaciers on the islands of the AP as melting. According to 

(Karušs et. al, 2019), the maximum ice thickness of the Galindez glacier is 35 m. In order to record 

the changes in glacier volumes in a timely manner and to establish the regularities governing the 

regional climate variation, it is important to continue annual monitoring.  

 

Conclusions 

 

According to the literature review, glaciological parameters of the Antarctic Peninsula are spatially 

highly diverse and changing in a variety of ways. The largest changes are observed in the northern 

and western parts of the peninsula and islands. To monitor the frontal parts of the glaciers on the 

Galindez and Winter islands in 2013-2019 we employed a method based on digital 

stereophotogrammetrical photography, terrestrial laser scanning and UAV. Using complex methods 

allows to significantly increase the speed of measurement of the glacier surface and the accuracy of 
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the quantitative parameters of the research. Overall, in 2013-2019 the glacier on Galindez lost around 

2.5% of its volume, and the one on Winter – around 1.5%. The presented results of monitoring 

suggest a non-uniform character of changes in the glaciers, since the western part of the glacier on 

Galindez shrinks faster than southern parts of both glaciers. Two negative factors complicating 

evaluation of the results are the thickness of snow cover and non-regularity of monitoring (and long 

time periods between observations). Further monitoring of Antarctic coastal glaciers is important for 

timely detection changes in them and in order to establish patterns for assessing the regional climate 

variability.  
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