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SUMMARY 

The cryosphere collectively describes all forms of frozen water at the Earth's surface - sea ice, 
ice sheets, ice caps, glaciers, snow cover, permafrost, seasonally frozen ground and solid 
precipitation. In terms of the ice mass and its heat capacity, the cryosphere is the second largest 
component of the climate system (after the ocean) It is an important component in the context 
of climate change as it affects and is affected by changes in temperature. Antarctica represents 
one of the most serious potential threats from rapid cryosphere warming at the global level. 

In the Antarctic Peninsula region, researchers focused their observations of the cryosphere 
mainly on the ice caps of the archipelago and the glaciers of the Kyiv Peninsula. Continuous 
long-term monitoring of the glacier is not an easy task. For the Woozle Hill ice cap near the 
Vernadsky Station, the task was solved by periodic ice sampling, GNSS, photometry, and the 
use of GPR in the summer season. For glaciers outside the island, measurements are much 
more difficult and erratic. 

For monitoring the local ice cap and glaciers of the Antarctic Peninsula near the research 
station, we proposed to use an original set of seismic and infrasound equipment. 
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Introduction 
 
The cryosphere collectively describes all forms of frozen water at the Earth's surface - sea ice, ice sheets, 
ice caps, glaciers, snow cover, permafrost, seasonally frozen ground and solid precipitation. In terms of 
the ice mass and its heat capacity, the cryosphere is the second largest component of the climate system 
(after the ocean) It is an important component in the context of climate change as it affects and is affected 
by changes in temperature. Antarctica represents one of the most serious potential threats from rapid 
cryosphere warming at the global level. 
 
In the Antarctic Peninsula region, Ukrainian researchers focused their observations of the cryosphere 
mainly on the ice caps of the archipelago and the glaciers of the Kyiv Peninsula. Continuous long-term 
monitoring of the glacier is not an easy task. For the Woozle Hill ice cap near the Vernadsky Research 
Station, which is located on Galindez Island (Argentine Islands Archipelago), the task was solved by 
periodic ice sampling, GNSS measurements, photometry, and the use of GPR in the summer season. 
Some meteorological parameters were also periodically measured inside the ice cave in the glacier when 
conditions were favorable. In the past few years, GPR measurements have become more constant, and 
now they are carried out monthly. For glaciers outside the island, measurements are much more difficult 
and erratic. 
 
For monitoring the local ice cap and glaciers of the Antarctic Peninsula near the research station, we 
proposed to use an original set of seismic and infrasound equipment. 
 
Methods and equipment 
 
Seismic measurements are one of the most effective methods for studying the cryosphere. Cryoseismic 
research involves quantitative studies of ice processes that in many cases are known or suspected to 
show sensitivity to climate change. For example, high-quality seismographic networks can be deployed 
to study ice shelf stability/disintegration, which has been discovered to sometimes occur 
catastrophically. For continuous monitoring of the internal stresses of the glacier, we proposed using a 
network of seismo-acoustic mini-arrays located along the perimeter of the glacier.  
 
Also, for more distant monitoring, we propose to supplement seismic observations with measurements 
of infrasound. Atmospheric pressure fluctuations at the location of UAS "Academician Vernadsky" are 
caused by the physical interaction between the atmosphere, oceans, cryosphere, and solid earth in the 
Antarctic Peninsula region. These oscillations associated with changes in the environment and sources 
of generation near the Earth's surface can be observed and measured using infrasound waves (pressure 
waves with frequencies in the range from the hundredths to the first tens of Hertz), propagating with 
small attenuation over long distances. Among the sources of natural infrasound - storms, earthquakes 
and tsunamis, avalanches, icebergs calve. In this study, we are primarily interested in infrasound from 
cryospheric phenomena - the calving of icebergs and the crackling of glaciers. 
 
In 2020, four Chaparral Physics Model64Vx microbarographs (USA, Alaska) were purchased for 
infrasound monitoring in the region of the Vernadsky station. The frequency range of the sensor is 0.03 
- 245 Hz, the sensitivity is 0.03 V/Pa, the full range is 720 Pa. Noise cancellation systems were not used. 
The logger was an HP Compaq T510 thin client with a 4-channel 24-bit ADC and external GPS. The 
sampling rate is 40 Hz. Control system based on Linux SuSE. To test the system, microbarographs are 
located at a distance of about 100 meters from each other and form a triangle in space with one element 
in the center. In fact, an infrasound array (phased antenna array) is formed, which makes it possible to 
isolate the coherent component in atmospheric pressure fluctuations, to determine the parameters of the 
direction, velocity, and dominant frequency of the recorded signal. The Progressive Multichannel 
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Correlation (PMCC) algorithm is used for signal detection (Cansi, 1995). The scheme of observations 
of the glacier by the seismoacoustic complex with some explanations is shown in Figure 1. 
 

 
Figure 1 Scheme of observations of the glacier by the seismoacoustic complex (top left) with 
explanations of the symbols (bottom left). Top right shows the equipment of one of the elements of the 
complex, bottom right - the result of seismic data processing. 
 
For continuous monitoring of the internal stresses of the glacier, we proposed using a network of seismo-
acoustic mini-arrays located along the perimeter of the glacier. Each array consists of four seismo-
acoustic sensors arranged in a cross. The length of the line between the extreme sensors reaches 100 
meters. Proprietary sensors use an optical system for recording the seismic and infrasonic vibrations. 
The built-in microcontroller of each sensor transmits the digitized data (16 bit, 100 or 300 Hz) to the 
main unit based on the LattePanda, where preprocessing is performed. GPS receiver is also connected 
here for data synchronization. There is a Wi-Fi module for transmitting data to the collection station. 
Also, data can be transmitted to the collection station by wires installed on the cable-growth. Power is 
supplied 220 V through an adapter and a 12V battery. The sensors are waterproof, the rest of the 
equipment is assembled in a sealed waterproof box. There are three such arrays, in their turn, they form 
a regular triangle with a side of 700 meters, inside which there is a glacier. The processing consists of 
detecting signals in each array by the STA/LTA method, followed by correlation processing of the 
selected data fragment and calculating the azimuth to the signal, wave velocity, period, and amplitude. 
Also, the isolation of the coherent part of the low-intensity signal at the noise level can be carried out 
without preliminary STA/LTA detection, using algorithm F-statistics. Correlated interference is clipped 
in azimuth. The intersection of two or three azimuths allows you to locate the signal source. All 
parameters of detections with time stamps are recorded in the database and can be further processed 
using station meteorological data. The system began to be deployed around the glacier in January 2021 
(Liashchuk et al., 2021). 
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Test registration infrasound array starts on February 17, 2021. Dozens of signals from the peninsula 
related to iceberg formation have been registered, with both acoustic and seismic components being 
recorded. Signals can be decomposed in time and space by directions. The task in the near future to track 
the dynamics of the amplitude and phase changes of infrasound during the year (during the winter 26 
UAE). 
 
Conclusions 
 
After the start of measurements in the current year, geophysical data are monthly transferred to the file 
server, after which the analyst of the Main Center starts processing them. Automatic detection is carried 
out at the station, the results are saved to a log file. 
 
It is noteworthy that the largest number of signals was recorded during the local Antarctic summer and 
autumn. Gradually, the number of signals decreased to the current minimum. The distribution of signals 
by azimuth is shown in Figure 2. 

a)

b) 
Figure 2 Maps of the Argentine Islands archipelago (a) and the Kiev Peninsula (b) with superimposed 
azimuths on the detected signal sources.  
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The azimuths are superimposed on the map after the detection process. It can be seen that in the area of 
the Argentine Islands archipelago, the signal locations correspond to the concentration of the arriving 
icebergs. Seismic signals are generated by icebergs hitting the seabed. 
 
At long distances, inverse azimuths indicate the ablation zones of the glaciers of the Antarctic Peninsula, 
which are closest to the Ukrainian Antarctic station (Trooz, Wiggins). Signals from avalanches also 
appear periodically. 
 
In general, it can be stated that the proposed system is working. The data is accumulated and gradually 
processed. The result of efforts throughout the year should show all the nuances of the dynamics of the 
cryosphere in the area of the Antarctic station. 
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