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Abstract. The Arctic region is undergoing unprecedented environmental
changes due to global climate change, necessitating robust monitoring and
research efforts. Geodesy, the science of accurately measuring Earth's
shape, orientation, and gravitational field, plays a critical role in
understanding these changes. This article explores the applications,
challenges, and future directions of geodesy in the Arctic. Satellite-based
techniques such as GNSS, SAR, and satellite altimetry are utilized to
monitor ice mass loss, sea level rise, and land deformation with high
precision. Challenges in Arctic geodesy include harsh environmental
conditions, data accuracy, and the integration of multi-source data. Despite
these challenges, ongoing advancements in satellite technology, data
processing algorithms, and collaboration initiatives hold promise for
addressing these issues and improving our understanding of Arctic
environmental dynamics. By leveraging geodesy techniques and emerging
technologies, researchers can contribute to the sustainable management of
the Arctic environment and its broader implications for global climate
change mitigation and adaptation.

1 Introduction

The Arctic region, characterized by its vast ice-covered landscapes and unique
environmental dynamics, is experiencing unprecedented changes driven by global climate
change. As temperatures rise and ice melts at alarming rates, the Arctic has become a focal
point for scientific research aimed at understanding and monitoring these transformations.
At the heart of these efforts lies geodesy, the science of accurately measuring Earth's shape,
orientation, and gravitational field. Geodesy plays a pivotal role in providing critical
insights into the processes shaping the Arctic environment, from the retreat of glaciers to
the rise in sea levels and the deformation of land masses.

The significance of geodesy in the Arctic cannot be overstated. Through various
geodetic techniques and technologies, researchers can track and analyze changes occurring
across the region with unprecedented precision and detail. From satellite-based
observations to ground-based surveys, geodesy provides a comprehensive toolkit for
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monitoring Arctic environmental changes and understanding their broader implications for
global climate dynamics.

The Arctic region is undergoing rapid and profound environmental changes, making it
one of the most dynamic and vulnerable areas on Earth. The Arctic is warming at more than
twice the global average rate, leading to the rapid loss of sea ice, the melting of glaciers and
ice sheets, and changes in weather patterns and ocean circulation. These changes have far-
reaching implications for Arctic ecosystems, indigenous communities, and global climate
systems. Understanding and monitoring these changes are critical for assessing their
impacts and developing strategies to mitigate and adapt to them.

Geodesy, as the science of measuring and understanding Earth's shape and gravitational
field, plays a fundamental role in monitoring Arctic environmental changes. Through a
combination of satellite-based observations, ground-based surveys, and numerical
modeling, geodesy provides essential data and insights into processes such as ice mass loss,
sea level rise, land deformation, and tectonic activity in the Arctic. These measurements are
crucial for understanding the drivers of Arctic environmental change, predicting future
trends, and informing decision-making and policy development at local, regional, and
global scales.

This article aims to explore the applications of geodesy in the Arctic, examining how
geodetic techniques and technologies are used to monitor and study environmental changes
in the region. It will also discuss the challenges faced by researchers in conducting geodetic
measurements in the Arctic, including issues related to data accuracy, resolution, and
interpretation. Finally, it will explore future directions and emerging technologies in Arctic
geodesy, highlighting the potential for innovation and collaboration to address pressing
environmental challenges in the region.

2 Analysis

The Arctic region, characterized by its vast ice-covered landscapes and complex
environmental dynamics, presents unique challenges for monitoring and understanding
changes occurring due to global climate change. Geodesy, the science of accurately
measuring and understanding Earth's shape, orientation, and gravitational field, plays a
pivotal role in this endeavor. In the Arctic, geodesy techniques are essential for tracking ice
mass loss, sea level rise, land deformation, and other geophysical phenomena. The article
explores the key geodesy techniques employed in the Arctic and their applications in
environmental monitoring and research.

One of the primary geodesy techniques utilized in the Arctic is Global Navigation
Satellite Systems (GNSS) (figure 1). GNSS, including the well-known Global Positioning
System (GPS), provides precise positioning information by measuring the travel time of
signals transmitted from satellites to receivers on or near the Earth's surface. In the Arctic,
GNSS receivers are deployed on ice sheets, research stations, and other locations to monitor
ice sheet dynamics, glacier movement, and crustal deformation. These measurements
contribute to our understanding of ice mass balance, ice sheet dynamics, and land
movement in the Arctic region. Ice sheet dynamics are very important for ice load
calculation on the shelf platforms and marine harbors [1-8].
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Fig. 1. Global Navigation Satellite Systems (GNSS)
[https://mungfali.com, “GNSS System”]
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Synthetic Aperture Radar (SAR) is another valuable geodesy technique extensively
employed in the Arctic (figure 2). SAR sensors mounted on satellites emit microwave
signals towards the Earth's surface and measure the backscattered signals to create high-
resolution images. SAR imagery is particularly useful for monitoring changes in sea ice
extent, ice velocity, and surface topography. By analyzing SAR data, researchers can track
the movement of ice floes, detect changes in ice thickness, and study the dynamics of ice
shelves. SAR data also enables the mapping of surface deformation caused by processes
such as glacial flow and tectonic activity, providing valuable insights into Arctic

geophysical processes.
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Fig. 2. Synthetic Aperture Radar (SAR)
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Satellite altimetry is instrumental in measuring changes in sea level and ice surface
elevation in the Arctic. Altimetry satellites precisely measure the time taken for radar or
laser pulses to travel from the satellite to the Earth's surface and back, allowing for the
calculation of surface elevation with high accuracy. In the Arctic, altimetry data are used to
monitor changes in sea ice thickness, ice sheet elevation, and sea level rise. By combining
altimetry measurements with other geodetic techniques, such as GNSS and SAR, scientists
can comprehensively assess changes in Arctic ice cover and their impact on global sea level
and on the Arctic structures [9-16].

Gravity field measurements also helps in Arctic geodesy. Satellites equipped with
precise gravimetry instruments measure variations in Earth's gravitational field caused by
factors such as changes in ice mass distribution and crustal deformation. In the Arctic,
gravity measurements provide valuable information about ice mass loss, tectonic processes,
and post-glacial rebound. By monitoring changes in Earth's gravity field, researchers can
better understand the dynamics of the Arctic environment and its implications for global sea
level rise and geophysical hazards.

In addition to satellite-based techniques, terrestrial measurements and gravimetry
surveys are conducted in the Arctic to supplement remote sensing data and validate
geodetic models. Ground-based GNSS stations, gravity meters, and other geodetic
instruments are deployed across the Arctic region to collect localized data on land
deformation, crustal motion, and gravitational anomalies. These ground-based
measurements help calibrate and validate satellite-derived geodetic products, improving the
accuracy and reliability of Arctic geodetic observations.

One of the primary applications of geodesy in the Arctic is the monitoring of ice mass
loss and glacier dynamics. This is important for climate research and infrastructure
(estimation of ice loads on the Arctic structures) [17-25]. Satellite-based techniques, such
as satellite altimetry and Synthetic Aperture Radar (SAR), are employed to measure
changes in ice thickness, volume, and velocity. By analyzing SAR imagery and altimetry
data, researchers can track the movement of glaciers and ice sheets, identify areas of
accelerated ice flow, and quantify ice mass loss over time. These measurements provide
essential insights into the dynamics of Arctic ice cover and its contribution to global sea
level rise.

Sea level rise is another critical environmental concern in the Arctic, with implications
for coastal communities and ecosystems worldwide. Geodesy techniques, particularly
satellite altimetry, are used to monitor changes in sea surface height with high precision.
Altimetry satellites measure sea level variations caused by factors such as thermal
expansion of seawater, ice melt, and changes in ocean currents. By continuously monitoring
sea level rise in the Arctic, scientists can assess its impact on coastal erosion, flooding, and
marine ecosystems, helping to inform adaptation strategies and policy decisions.

Geodesy also plays a vital role in studying land deformation and tectonic activity in the
Arctic region. Satellite-based techniques, such as GNSS and SAR interferometry (InSAR),
are used to measure crustal motion and surface deformation caused by processes such as
glacial isostatic adjustment and tectonic plate movements. By analyzing geodetic data from
multiple sources, researchers can detect subtle changes in land elevation, map fault lines,
and monitor seismic activity in the Arctic. Understanding these geophysical processes is
essential for assessing geological hazards and mitigating risks to infrastructure and
communities in the region [26-29].

Geodetic measurements are also instrumental in modeling and understanding the Earth's
gravity field and geoid shape in the Arctic. Gravity field measurements from satellites and
ground-based surveys provide valuable information about variations in Earth's mass
distribution, including changes in ice mass, ocean currents, and tectonic forces. By



E3S Web of Conferences 531, 04001 (2024) https://doi.org/10.1051/e3sconf/202453104001
UESF-2024

modeling the gravity field and geoid, researchers can infer the distribution of mass within
the Earth's interior and study processes such as mantle convection and crustal deformation.
These insights contribute to our understanding of Arctic geodynamics and the broader
dynamics of the Earth system. In addition to these applications, geodesy techniques are
essential for supporting a wide range of scientific research and monitoring activities in the
Arctic, including ecosystem studies, climate modeling, and resource management. By
integrating geodetic data with other Earth observation techniques and models, researchers
can gain a comprehensive understanding of Arctic environmental processes and their
interconnectedness. This interdisciplinary approach is crucial for addressing the complex
challenges facing the Arctic region and informing sustainable management practices in the
face of ongoing environmental change.

From harsh environmental conditions to logistical constraints, conducting geodetic
measurements in the Arctic poses significant obstacles that must be overcome to ensure the
reliability and accuracy of data.

The Arctic is characterized by extreme weather conditions, including freezing
temperatures, high winds, and limited daylight during certain times of the year [30-34].
These harsh environmental conditions can pose safety risks to personnel and equipment
deployed for geodetic measurements. In addition, ice cover and snow accumulation can
obstruct satellite signals, affecting the accuracy of GNSS measurements and SAR imagery.
Researchers must develop robust strategies for operating in extreme Arctic environments,
including the use of specialized equipment and protective measures to ensure the safety and
reliability of data collection efforts.

Achieving high data accuracy and resolution in the Arctic presents several challenges
due to the remote and inaccessible nature of the region. Satellite-based geodesy techniques,
such as GNSS and SAR, rely on precise positioning and imaging capabilities to measure
changes in ice mass, land deformation, and other geophysical phenomena. However, factors
such as ionospheric disturbances and signal attenuation can degrade the accuracy of GNSS
measurements in the Arctic. Similarly, SAR imagery may be affected by atmospheric
conditions and surface scattering properties, limiting its ability to capture fine-scale
features. Improving data accuracy and resolution requires the development of advanced
processing algorithms and calibration/validation techniques tailored to Arctic conditions.

Geodetic measurements in the Arctic often involve the integration of data from multiple
sources, including satellite observations, ground-based surveys, and numerical models.
However, combining heterogeneous datasets poses challenges related to data
interoperability, consistency, and uncertainty quantification. Different measurement
techniques may have varying spatial and temporal resolutions, making it challenging to
integrate data seamlessly. Furthermore, uncertainties associated with each data source must
be carefully accounted for to ensure the reliability of integrated geodetic products.
Addressing these challenges requires the development of standardized data formats,
interoperability protocols, and uncertainty propagation methods tailored to Arctic geodesy
applications.

Processing and interpreting geodetic data in the Arctic require specialized techniques to
account for the region's unique geophysical characteristics. For example, SAR
interferometry (InSAR) is commonly used to measure land deformation in the Arctic, but
processing SAR data over snow-covered terrain can be challenging due to phase
decorrelation caused by snow accumulation and melt. Similarly, estimating ice mass loss
from satellite altimetry data requires accurate corrections for changes in snow density and
surface roughness. Developing robust data processing algorithms and interpretation
methods tailored to Arctic conditions is essential for extracting meaningful geodetic
information from remote sensing observations.
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As the Arctic region continues to undergo rapid environmental changes, there is an
increasing need for innovative geodetic techniques and technologies to monitor and
understand these transformations:

Satellite-based geodesy plays a central role in monitoring environmental changes in the
Arctic. Continued advancements in satellite technology, including the development of next-
generation sensors and platforms, are poised to revolutionize Arctic geodesy. The
deployment of high-resolution SAR sensors with enhanced imaging capabilities will enable
more detailed monitoring of ice dynamics, land deformation, and other geophysical
processes. Similarly, improvements in satellite altimetry sensors will provide better
accuracy and coverage for measuring changes in ice thickness and sea level rise in the
Arctic. The deployment of constellations of small satellites and CubeSats equipped with
GNSS receivers will enhance spatial and temporal coverage for monitoring Arctic
environmental dynamics.

Processing and interpreting geodetic data in the Arctic require sophisticated algorithms
and computational techniques to account for the region's unique geophysical characteristics.
Future advancements in data processing algorithms will focus on addressing challenges
related to data accuracy, resolution, and interpretation. Machine learning and artificial
intelligence techniques will play an increasingly important role in extracting meaningful
information from remote sensing observations and integrating multi-source geodetic
datasets. These advanced algorithms will enable more accurate and timely analysis of
Arctic environmental changes, facilitating better-informed decision-making and policy
development.

Integrating data from multiple sources, including satellite observations, ground-based
surveys, and numerical models, is essential for gaining a comprehensive understanding of
Arctic environmental dynamics. Future efforts in Arctic geodesy will focus on developing
robust methods for integrating heterogeneous datasets and quantifying uncertainties
associated with each data source. This integration will involve the development of
standardized data formats, interoperability protocols, and uncertainty propagation
techniques tailored to Arctic geodesy applications. By combining diverse datasets,
researchers can improve the reliability and accuracy of geodetic measurements in the Arctic
and enhance our understanding of complex environmental processes.

Collaboration and data sharing initiatives are crucial for advancing Arctic geodesy
research and facilitating international cooperation in monitoring and managing Arctic
environmental changes. Future directions in Arctic geodesy will emphasize the importance
of collaborative efforts among researchers, government agencies, and indigenous
communities to share data, expertise, and resources. International organizations such as the
Arctic Monitoring and Assessment Programme (AMAP) and the Group on Earth
Observations (GEO) play a central role in coordinating data collection efforts and
promoting data sharing and open access policies. By fostering collaboration and data
sharing, researchers can overcome logistical challenges and maximize the impact of Arctic
geodesy research on global climate science and policy.

3 Conclusion and discussion

Arctic geodesy stands at the forefront of scientific efforts to understand and monitor the
profound environmental changes occurring in the Arctic region. Through the application of
advanced geodetic techniques and technologies, researchers have made significant strides in
tracking ice mass loss, sea level rise, land deformation, and other geophysical phenomena.
Despite the challenges posed by harsh environmental conditions, data processing
complexities, and logistical constraints, the field of Arctic geodesy continues to evolve,
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driven by ongoing advancements in satellite technology, data processing algorithms, and
collaboration initiatives.

The applications of geodesy in the Arctic are diverse and far-reaching. Geodetic
measurements play a crucial role in assessing the impact of climate change on Arctic ice
cover, sea level rise, and geological processes. Satellite-based techniques such as GNSS,
SAR, and satellite altimetry provide valuable insights into the dynamics of Arctic ice
sheets, glaciers, and sea ice, enabling researchers to monitor changes with unprecedented
accuracy and resolution. Additionally, ground-based surveys and gravity field
measurements complement satellite observations, providing critical validation and
calibration data for geodetic models and products.

Looking towards the future, several key trends and developments are poised to shape
the direction of Arctic geodesy research. Advancements in satellite technology, including
the deployment of next-generation sensors and constellations of small satellites, will
enhance spatial and temporal coverage for monitoring Arctic environmental changes.
Improved data processing algorithms, driven by machine learning and artificial intelligence
techniques, will enable more accurate and timely analysis of geodetic data, facilitating
better-informed decision-making and policy development.

Integration of multi-source data and collaboration among researchers, government
agencies, and indigenous communities will be essential for addressing the complex
challenges facing Arctic geodesy. By sharing data, expertise, and resources, researchers can
overcome logistical constraints and maximize the impact of Arctic geodesy research on
global climate science and policy. International organizations such as AMAP and GEO will
play a crucial role in fostering collaboration and data sharing initiatives, ensuring that
Arctic geodesy research remains at the forefront of scientific efforts to address climate
change and its impacts.

4 Acknowledgements

We would like to express our gratitude to the Higher School of Hydraulic and Energy
Engineering and the Laboratory of Fundamental Ice Research of Peter the Great St.
Petersburg Polytechnic University for their invaluable support and assistance.

References

1. S.A. Andreeva, D.A. Sharapov, Modern Construction and Architecture, no. 9(40),
(2023). doi: 10.18454/mca.2023.40.1.

2. D. Sharapov, K. Shkhinek, T.A. DelValls, Ocean Engineering,: 100: 90-96, Elsevier
Published: (2015). DOI:10.1016/j.oceaneng.2015.03.016

3. D. Sharapov, International Journal for Quality Research v18, n2, (2023). DOI:
10.24874/1JQR18.02-18

4. D.V. Zalessky, Assessment of the bearing capacity of reinforced ice cover / D.V.
Zalessky, D.A. Sharapov // ISI Science Week: Collection of materials of the All-
Russian Conference, St. Petersburg, April 03—09, 2023 / Published by decision of the
Council on publishing activities of the Academic Council of SPbPU. Vol. 1. — St.
Petersburg: Federal State Educational Institution of Higher Education SPbPU. — P. 25-
28, (2023)

5. S.A. Andreeva, D.A. Sharapov, International Research Journal, no. 1(139), (2024). doi:
10.23670/IRJ.2024.139.10.



E3S Web of Conferences 531, 04001 (2024) https://doi.org/10.1051/e3sconf/202453104001

UESF-2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

D. Sharapov, K. Shkhinek, Numerical calculation of the ice grow and empirical
calculation results, Research in materials and manufacturing technologies, PTS 1-3
Book Series: Advanced Materials Research. — Vol. 834-836. — P. 1448-1454 (2014).
DOI 10.4028/www.scientific.net/ AMR.834-836.1448.

L.V. Velichko, D. A. Sharapov, The influence of ice load on the movements of an
offshore wind power plant // ISI Science Week: Collection of materials of the All-
Russian Conference, St. Petersburg, April 03—09, 2023 / Published by decision of the
Council on Publishing Activities of the Academic Council of SPbPU. Vol. 1. — St.
Petersburg: Federal State Educational Institution of Higher Education SPbPU. — P. 12-
14. (2023)

D. Sharapov, E3S Web of Conf. 402 05023 (2023). DOI:
10.1051/e3sconf/202340205023

D. Sharapov, S. Andreeva, Y Volkova., I Togo., I. Frolova, V. Belousova, Y.
Olekhnovich, E3S Web Conf. 420 07010 (2023). DOI:
10.1051/e3sconf/202342007010

N. V. Primak, Selection of the optimal number of ribs of a segment gate by the FE
method /N. V. Primak, D. A. Sharapov // ISI Science Week: Collection of materials of
the All-Russian Conference, St. Petersburg, April 03—09, 2023 / Published by decision
of the Council on Publishing Activities of the Academic Council of SPbPU. Vol. 1. —
St. Petersburg: Federal State Educational Institution of Higher Education SPbPU. — P.
69-71 (2023).

D. Sharapov, K. Shkhinek, Coastal Engineering,: 88: 69-74, Elsevier Published:
(2014). DOI:10.1016/j.coastaleng.2014.02.005

A. V. Bozhenkova, Calculation analysis of the fencing structure of the southern area of
the port of Ust-Luga / A. V. Bozhenkova, D. A. Sharapov // ISI Science Week:
collection of materials of the All-Russian Conference, St. Petersburg, April 04—10,
2022. Volume Part 1. — St. Petersburg: POLYTECH-PRESS. pp. 9-10. (2022)

D. Sharapov, K. Shkhinek, T.A. DelValls, ICE COLLARS, DEVELOPMENT AND
EFFECTS, Ocean Engineering, Volume 115, Pages 189-195, Elsevier Published:
(2016). DOI:10.1016/j.0ceaneng.2016.02.026

D.A. Sharapov, A.S. Sumtsova, Rockfill Stability to Ice Shearing by the Finite Element
Method. Power Technol Eng (2023). https://doi.org/10.1007/s10749-023-01646-1

S.A. Andreeva, D. Sharapov, Magazine of Civil Engineering. 123(7). Article no.
12303. (2023). DOI: 10.34910/MCE.123.3

D. Sharapov, Improving quality of 2D ice load estimation on freezed piles / D.
Sharapov, Y. Klochkov // International Journal for Quality Research. — Vol. 17, No. 4.
—P. 1141-1150. — (2023). DOI 10.24874/1JQR17.04-11.

K.V. Eremenko, Filtration calculation of the soil dam of the Melnichnaya SHPP with a
capacity of 412 kW in Karelia in the PLAXIS environment / K. V. Eremenko, D. A.
Sharapov // ISI Science Week: collection of materials of the All-Russian Conference,
St. Petersburg, 04—10 April 2022. Volume Part 1. — St. Petersburg: POLYTECH-
PRESS. — pp. 23-25, (2022)

D.A. Sharapov, The effect of story drift in a multi-story building under the influence of
an earthquake / D. A. Sharapov, T. H. Gebre, Yu. M. Ali // Structural Mechanics of
Engineering Constructions and Buildings. — Vol. 17, No. 3. — P. 270-277, (2021) —
DOI 10.22363/1815-5235-2021-17-3-270-277.

D. Sharapov, S. Andreeva, Ice reinforcement, E3S Web Conf. 431 06009 (2023). DOI:
10.1051/e3sconf/202343106009



E3S Web of Conferences 531, 04001 (2024) https://doi.org/10.1051/e3sconf/202453104001
UESF-2024

20. V.V. Savelyeva, Influence of ice load on the stability of the base of LSP-1/V.V.
Savelyeva, D.A. Sharapov // ISI Science Week: Collection of materials of the All-
Russian Conference, St. Petersburg, April 03—09, 2023 / Published by decision of the
Council for Publishing Activities of the Academic Council of SPbPU. Vol. 1. — St.
Petersburg: Federal State Educational Institution of Higher Education SPbPU. — P. 35-
37,(2023).

21. D. Sharapov, Structure freezing in the ice, E3S Web Conf. 431 06010 (2023), DOI:
10.1051/e3sconf/202343106010

22. V.V. Cherkasova, Reconstruction of the berth structure in the port of Arkhangelsk /
V.V. Cherkasova, D.A. Sharapov // ISI Science Week: collection of materials of the
All-Russian Conference, St. Petersburg, April 04—10, 2022. Volume Part 1. — St.
Petersburg: POLYTECH-PRESS. — P. 75-77, (2022).

23. D. A. Sharapov, Stability of rock fill to ice movements using the FE method / D. A.
Sharapov, A. S. Sumtsova // Hydrotechnical construction. — No. 2. — P. 2-7. (2023).
DOIL: http://dx.doi.org/10.34831/EP.2023.13.50.001

24. D. Sharapov, S. Andreeva, Artificial ice island, E3S Web Conf. 431 06011 (2023) -
DOI: 10.1051/e3sconf/202343106011

25. D. Sharapov, Ice adhesion to hydrotechnical structures, E3S Web Conf. 431 03006
(2023). DOI: 10.1051/e3sconf/202343103006

26. A. A. Karpova, Calculation of a reinforced concrete caisson type foundation using the
FE method / A. A. Karpova, D. A. Sharapov // ISI Science Week: collection of
materials of the All-Russian Conference, St. Petersburg, April 04-10, 2022. Volume
Part 1. — St. Petersburg: POLYTECH-PRESS. — P. 33-36. (2022).

27. D. Sharapov, Ice collars around freezing in the ice hydrotechnical structures, E3S Web
of Conf. 458 08007 (2023). DOI: 10.1051/e3sconf/202345808007

28. S. Andreeva, D. Sharapov, Ice freezing for hydrotechnical structures, E3S Web of
Conf. 458 08015 (2023). DOI: 10.1051/e3sconf/202345808015

29. M. A. Georgiev, Using reference systems based on artificial intelligence for hydraulic
engineering design / M. A. Georgiev, D. A. Sharapov // ISI Science Week: Collection
of materials of the All-Russian Conference, St. Petersburg, April 03—09, 2023 /
Published by decision of the Council for Publishing Activities of the Academic
Council of SPbPU. Vol. 1. — St. Petersburg: Federal State Educational Institution of
Higher Education SPbPU. — P. 20-22. (2023).

30. D. Sharapov, E3S Web Conf. 460 08014 (2023). DOI: 10.1051/e3sconf/202346008014
31. D. Sharapov, E3S Web Conf. 460 09019 (2023). DOI: 10.1051/e3sconf/202346009019

32. D.A. Sharapov, Hydrotechnical construction. — No. 8. — P. 2-11. (2023). DOI:
http://dx.doi.org/10.34831/EP.2023.64.37.001

33. A. M. Efimov, Stability of the Arctic sea airfield / A. M. Efimov, D. A. Sharapov // ISI
Science Week: collection of materials of the All-Russian Conference, St. Petersburg,
April 04-10, 2022. Vol. 1. — St. Petersburg: POLYTECH-PRESS. — P. 26-28. (2022)

34. D. Sharapov, BRIEF ON DEVELOPMENT OF ICE LOAD ESTIMATION FOR
HYDROTECHNICAL ENGINEERING, 23nd International Scientific Multidisciplinary
Conference on Earth and Planetary Sciences SGEM 2023, 1 July, 2023 — 10 July,
Proceedings of 23rd International Multidisciplinary Scientific GeoConference SGEM
2023, Volume 23, Issue 2.1, (2023). ISSN 1314-2704. - DOI:
10.5593/sgem2023/2.1/s08.18



http://dx.doi.org/10.34831/EP.2023.13.50.001
http://dx.doi.org/10.34831/EP.2023.64.37.001

