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Distributed Acoustic Sensing (DAS) is a rapidly developing technology that has already been success-
fully applied to solve various problems in geology, geophysics, and geoecology. Its advantages include
unprecedentedly high spatial resolution, covering areas of up to a hundred kilometers or more; high
sensitivity; and a broad frequency range. High-quality ice cover monitoring requires a dense network
of seismic sensors. DAS can serve as an excellent complement to observation networks based on
traditional seismic instruments. An expensive interrogator remains in a safe location (e.g., onshore),
while the optical fiber can be considered expendable. In this article, we discuss the current state of
the problem, describe our experiment conducted in February 2024 on the ice of the Klyazma reservoir,
and share some conclusions and recommendations.

Keywords: Distributed Acoustic Sensing, monitoring system, parallel recording, ice thickness,
Young’s modulus.

Citation: Kislov K. V., Spiridonov E. P., Presnov D. A., Nikitin S. P., Nanii O. E., Belov M. V.,
Bengalsky D. M., Ashkar G. K., Kostenko M. V., Kharasov D. R., Gravirov V. V., Starovoyt Yu. O.,
Shurup A. S., and Treshchikov V. N. (2025), Distributed Acoustic Sensing and Ice Cover Monitoring,
Russian Journal of Earth Sciences, 25, ES6005, EDN:WXJNEU,
https://doi.org/10.2205/2025ES001074

1. Introduction
1.1. Distributed Acoustic Sensing (DAS) uses optical fibers, which are part of any optical
communication line, as its sensing element. With an interrogator, it becomes possible to
record acoustic and seismic waves. Combining data from segments of optical cables allows
the creation of virtual sensors to measure deformation, temperature, and some other
parameters. This enables the deployment of a chain of virtual sensors capable of covering
vast areas.

The principle of DAS is based on monitoring of Rayleigh scattering which occurs
in the fiber core due to minor variations in its effective index of refraction caused by
glass inhomogeneities formed in the fiber during its fabrication. Because of the optical
interference with random phase shifts, the backscattered light intensity recorded at the
fiber's input looks like a speckle-like pattern, observed in time domain. In the absence
of external influences, this pattern remains highly stable. When the fiber is subjected to
mechanical deformations, the speckle-like pattern locally changes due to variation of the
optical phase shifts. Continuous data acquisition allows tracking of these changes in the
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scattered light’s behavior, specifically, bymeasuring its time-dependent optical phase. Thus,
DAS can precisely determine the amplitude, frequency, and phase of seismic vibrations at
every point along the fiber. While the data quality of an individual DAS channel may be
inferior to that of a properly installed geophone, the advantages of dense spatial sampling
and extensive coverage dominate for a full set of channels .

DAS has been successfully applied in numerous geological, geophysical, and geoeco-
logical studies [Gorshkov et al., 2022; Kislov and Gravirov, 2023]. It is used in exploration
geophysics [Tertyshnikov et al., 2024], including borehole measurements [Hu and Wang,
2025; You et al., 2025], seismology [Rashid et al., 2025], volcano monitoring [Bird et al.,
2025], and early warning systems for earthquakes [Katakami et al., 2024] and tsunamis
[SAFE Project, 2025].

DAS also has diverse geoecological applications, ranging from studying whales [Lan-
drø et al., 2022] and coastal ocean currents [Song et al., 2024] to monitoring natural and
anthropogenic disasters [Acharya and Kogure, 2022; Barrias et al., 2016; Jena et al., 2024;
Kleine et al., 2024; Ouellet et al., 2024; Turquet et al., 2024] and landfill sites [Sun et al., 2025].
Future plans include using DAS for planetary exploration [Harmon et al., 2024].

1.2. Ice cover monitoring (ICM) is a task with both practical and scientific significance
[Mironov et al., 2020]. ICM involves obtaining data on ice thickness, strength, areas of
ice formation and fracturing, as well as determining some characteristics such as ice age,
volumetric moisture content, surface roughness, inhomogeneities, cracks, ridging, snow
cover, water layers, and vertical stratification.

Navigation and safety in shipping and fishing zones, construction and maintenance
of drilling platforms, subsea pipeline routing, oil spill monitoring, coastal infrastructure
design, safety of cargo unloading onto ice, ice road and ice airfield operations, and tourism
all require monitoring of both fast ice and drifting ice fields [Buzin et al., 2022; Kubyshkin
et al., 2018; Stepanyuk and Smirnov, 2001].

In Russia, rivers and lakes remain ice-covered for 5–6 months or longer. The ice is
used for crossings, winter roads, professional and recreational ice fishing, and temporary
tourist and hotel installations. River ICM is also essential for predicting ice jams and flood
forecasting [Malygin and Aleshin, 2022; Tarasov, 2020].

Scientific research on ice cover includes compiling and maintaining archives of ice
maps, studying physical processes in ice, mathematical modeling of ice evolution (including
physico-statistical, hydrodynamic, and climate models and investigating ice regime forma-
tion patterns. Additionally, seismic waves excited in water-bottom—carrying information
about geological structures—can also be recorded on the ice surface [Johansen et al., 2019].

ICM can be conducted via ice reconnaissance from coastal or drifting hydrometeo-
rological stations, ships, aircraft, helicopters, unmanned vehicles, and Earth observation
satellites [INNOTER, 2025; Krylov et al., 2023; Makhsidov et al., 2020; Mikhailov et al., 2017].

Detailed and long-term ICM is achieved through seismic methods [Kovalev et al.,
2019; Vinogradov et al., 2021]. Beyond tracking displacements and deformations, seismic
techniques enable the determination of ice thickness, density, and Young’s modulus by
analyzing dispersion curves of flexural waves [Abrahams et al., 2023; Presnov et al., 2025].

Active artificial sources, such as explosives or sledgehammer impacts, are used for ice
parameter inversion. Passive methods, such as studying flexural waves induced by ocean
swells and their high-frequency attenuation, are also employed [Marsan et al., 2012; Suther-
land and Rabault, 2016]. Noise correlation techniques are another tool for ice parameter
estimation [Marsan et al., 2019; Serripierri et al., 2022].

Flexural waves are the most informative for ICM. Under a thin-plate hypothesis (where
wavelength greatly exceeds ice thickness), compressional and shear waves are generally non-
dispersive, whereas flexural waves exhibit dispersion—higher-frequency signals propagate
faster. Meanwhile, compressional waves on ice produce distinct signals (even for vertical
sensors) useful for measuring 𝑃-wave velocities.
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The phase velocity dispersion curve of flexural waves is primarily influenced by Young’s
modulus and ice thickness (Figure 1), with other parameters having negligible effects [Xie
et al., 2025].

Figure 1. Theoretical dispersion curve variations according to [Xie et al., 2025]: (a) with ice thickness
(0.5, 1, and 5 m); (b) with Young’s modulus (6 and 10 GPa).

Conventional studies typically use a small number of seismographs, making high
spatial resolution unattainable. Reliable data require a dense seismic sensor network.
Deploying such a system on ice is labor-intensive, and the risk of losing sensors renders
this kind of ICM economically unviable. DAS technology can address these challenges.

DAS advantages include [Kislov and Gravirov, 2022]:
• Expensive interrogator remains safely onshore, while the optical fiber is expendable.
• Unprecedented spatial resolution.
• Coverage of an area of up to 100+ km.
• High sensitivity and broad frequency range.
• Continuous, all-weather, year-round measurements.
• DAS can enable long-term monitoring of ice cover parameter changes over time.

2. DAS-based ICM Experiments
In recent years, several successful ICM experiments utilizing DAS have been conducted

(Table 1). These studies pursued diverse objectives ranging from volcanic monitoring
[Fichtner et al., 2022] to assessing the mechanical properties of ice cover. However, none
of the known experiments were sustained for a sufficient duration to track the temporal
dynamics of ice cover conditions.

DAS-based ICM can be implemented by using dark fibers within submarine com-
munication cables or power cable monitoring systems of drilling platforms [Smith et al.,
2023]. However, the availability of such fiber-optic infrastructure remains limited in the
Arctic region and virtually nonexistent in Antarctica. The second methodology involves
the deployment of optical fiber directly onto the ice surface. This approach offers several
operational advantages. The geometry of fiber layout can be precisely tailored to specific
research requirements, enabling optimal sensor placement. Localization of the cable (vir-
tual sensors) is straightforward. Snow cover often ensures adequate fiber-medium coupling
[Walter et al., 2020]. Additionally, the level of anthropogenic noise is low in the water areas
covered with ice.

The technical challenges of this method become apparent when buried laying of
fiber cable longer than several hundred meters, as ice embedding requires specialized
equipment. Long-term monitoring campaigns face limitations due to ice dynamics, as
mechanical stresses and shearing of ice ultimately lead to fiber rupture. Cable retrieval
presents greater logistical difficulties than deployment, particularly when fibers become
permanently frozen into the ice. In such cases, complete loss of the fiber optic cable must
often be accepted as inevitable. Several retrieval strategies have been proposed, though all
of them present significant practical limitations. Awaiting spring thaw represents a passive
approach, but this requires extended timelines and offers no guarantee of intact recovery.
Incorporating conductive heating elements within the cable design enables active thawing,
though this increases system complexity and cost. Alternatively, installing the fiber within
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a retrievable protective tube appears theoretically feasible, but field implementation proves
problematic. Each of these potential solutions introduces substantial technical or economic
constraints that generally preclude their practical application.

Table 1. DAS ice cover experiments
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Table 1. DAS ice cover experiments (Continued)

02
.2
02

4

1
da

y

K
ly
az
m
a
R
es
er
vo

ir
,

M
os
co
w

R
eg

io
n

36
0
m

D
un

ay
,

LL
C
T8

Se
ns

or

0.
5
kH

z

10
m

5
m

Se
e
te
xt

Ice thickness and
Young’s modulus
measurements.

Evaluation of coiled
fiber capabilities

Fiber optic rings and
straight sections

were used
See text

Ti
m
e

D
ur
at
io
n

Si
te

W
or
ki
ng

pa
rt

of
fib

er

In
te
rr
og

at
or

Sa
m
pl
in
g

G
au

ge
le
ng

th

Sp
at
ia
ls
am

-
pl
in
g

A
dd

it
io
na

l
da

ta Measured
parameters Note Reference

Recent technological advancements in DAS interrogation units have increased sen-
sitivity while reducing power consumption, enabling more sustainable field operations.
These innovations collectively contribute to gradual improvements in monitoring sys-
tem reliability, though fundamental physical constraints imposed by the ice environment
remain.

3. Our Experiment
In February 2024, we conducted a field experiment on the ice cover of Klyazma reser-

voir at the Moscow State University Hydroacoustic Test Site near Povedniki village. This
study aimed to validate the applicability of DAS technology for ice cover monitoring,
employing a distinctive methodological approach compared to previous experiments ref-
erenced in Table 1. The core innovation of our measurement system involved the Dunay
fiber-optic distributed sensing platform, developed by the Russian company LLC T8 Sensor
as a versatile vibroacoustic monitoring solution with broad geophysical applications [T8
Sensor, 2025].

The experimental design incorporated multiple parallel measurement systems to
enable cross-validation of results. As reference instruments, we deployed 24 vertical-
component Geospace One LF geophones in a linear array with 5-meter spacing (Figure 2).
This geophone array served as the ground truth for seismic wavefield characterization. Com-
plementary environmental monitoring included recording of temperature gradients, wind
speed, hydroacoustic measurements beneath the ice, and direct ice thickness verification.

The distinctive feature of our DAS implementation involved an innovative fiber-optic
rings configuration superimposed on conventional linear cable deployment. We installed
paired fiber loops – one oriented vertically and another horizontally (Figure 3) – in close
proximity to selected geophones (Figure 4). This dual-ring architecture was designed
to enhance directional sensitivity: the vertical ring configuration theoretically exhibits
preferential sensitivity to all deformations in the vertical plane, while the horizontal ring
configuration captures both orthogonal horizontal components of wave propagation. From
a theoretical standpoint, the 10-meter fiber loop (equivalent to the gauge length, GL)
functions as a point-like sensor analogous to a conventional geophone. Alternatively, the
loop can be modeled as a zero-pitch helix [Chugaev and Kuznetsov, 2023], enabling precise
mathematical simulation of its directional response characteristics.

Geospatial referencing constituted the next critical phase. The linear geometry of
sensor placement simplified coordinate determination. GPS positioning was carried out
only at the starting point of the measuring line. While conventional DAS systems suffer
from positioning uncertainties related to GL limitations [Kennett et al., 2024], our ring
configuration effectively localized measurement points, eliminating this inherent spatial
ambiguity. The point-like characteristics of the 10-meter rings effectively mitigated spatial
averaging effects that typically plague conventional DASmeasurements, enabling resolution
comparable to discrete geophones.
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Figure 2. Experimental site.

Figure 3. Fiber-optic ring pair.

We recorded four replicate series of eight hammer strikes (4 kg sledgehammer) at two
strategic locations: 10 meters from the first geophone in the array and at the midpoint
of the measurement line with 4 meters offset. This configuration enabled comprehensive
comparison of wave propagation characteristics between conventional geophones and the
DAS system.

Passive monitoring constituted another component of the experiment [Moreau et al.,
2020; Presnov et al., 2023; Yanovskaya and Koroleva, 2012]. Continuous ambient noise
recording spanned 1.5–2 hours to capture natural ice-generated signals. For reliable noise
tomography, conventional practice recommends extended recordings proportional to the
target frequency range for dispersion curve construction. However, our dataset contained
significant anthropogenic contamination from researcher foot traffic, snowmobile move-
ments, and occasional aircraft overflights – all violating the fundamental assumption of
homogeneous noise source distribution. Consequently, the acquired noise record, while
useful for qualitative assessment, proved insufficient for robust dispersion analysis.

The entire experiment was completed within a single daylight period. Meteorologi-
cal conditions exhibited notable variability (Figure 5), with air temperature fluctuations
exceeding 15 °C, intermittent clouds with wind speeds varying between 0–1.5m/s. The
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Figure 4. Schematic course of experiment.

temperature profile deviated from the expected diurnal curve due to intermittent cloud
cover, as evidenced by inverse correlation between temperature and wind speed.

Figure 5. Wind speed (top) and air temperature (bottom) variations.

By combining linear and ring fiber configurations with conventional geophones, we
created a unique dataset for comparative analysis of different sensor geometries. The
inclusion of comprehensive environmental monitoring enabled quantitative assessment of
meteorological effects.

4. Data analysis and results
The comparative analysis between DAS and geophone datasets required careful data

processing to ensure methodological consistency. Initial data resampling standardized
the DAS recordings to the geophones' 2 kHz sampling rate, enabling direct waveform
comparison. Seismogram analysis conclusively demonstrated the DAS system's capability
to detect flexural wave propagation, though with a notably lower signal-to-noise ratio (SNR)
than conventional geophones (Figure 6). Despite this SNR disadvantage, the acquired data
quality proved sufficient for robust extraction of ice mechanical properties, validating the
applicability of DAS technology for ice cover monitoring applications.

Several operational factors contributed to the observed noise levels in the DAS record-
ings. Time constraints imposed by rapidly deteriorating ice conditions significantly limited
experimental preparation. The unexpected February thaw compromised ice stability, forc-
ing manual coiling of fiber-optic rings without proper spacing calibration. This improvisa-
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tion resulted in non-uniform sensor distribution along the measurement line. Additional
noise artifacts originated from mechanical stress concentrations at the fiber-optic coupling
mounted on the delivery cable spool. Pinching effects at this interface introduced signal
attenuation equivalent to approximately 50 km of additional fiber length. Uncompensated
temperature variations further degraded data quality through thermally-induced phase
noise in the optical system. Moreover, suboptimal coupling conditions affected linear
fiber segments that were merely surface-deployed rather than properly frozen into the ice,
reducing strain transfer efficiency.

Figure 6. Seismogram comparison: (a) geophones; (b) DAS.

To enhance data quality, we use waveform stacking across multiple hammer strike
sequences. The Dunay system's recording was continuous. Field conditions prevented
perfect time synchronization. Lacking reliable absolute timing references, impact events
were manually logged with an estimated 100 ms precision. Post-processing alignment using
first-arrival picking (indicated by green markers in Figure 7a) compensated for these timing
uncertainties through cross-correlation techniques.

The dispersion curves obtained using both geophone arrays and DAS look like equal
(Figure 8). Despite higher noise floors, the DAS data clearly resolved flexural wave modes
within the 30–90Hz bandwidth – a frequency range suited for ice cover characterization.
The inversion of these dispersion curves for ice parameters proved notably more straightfor-
ward than equivalent terrestrial analyses, owing to the simpler wave propagationmechanics
in homogeneous ice plate compared to complex layered soils.

Current methodologies vary between research groups, but all of them fundamentally
rely onminimizing themisfit functional between observed and theoretical dispersion curves.
Our implementation successfully derived two key parameters: ice thickness and effective
Young's modulus, while secondary analysis of non-dispersive low-frequency noise compo-
nents provided complementary bathymetric information. The complete set of derived ice
parameters appears in Table 2.

These results collectively establish DAS as a viable complement to conventional ice
monitoring techniques. The technology's unique advantages – including continuous spatial
coverage, directional sensitivity customization, and operational flexibility – outweigh its
current limitations for many cryospheric applications.
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Figure 7. Time discrepancy compensation: (a) manual alignment; (b) after correction.

Figure 8. Dispersion images: (a) geophones; (b) stacked DAS; (c) horizontal rings; (d) vertical rings.

5. Discussion
The majority of experiments conducted to date represent pilot studies with limited

scope. Actual ice cover structure demonstrates considerably greater complexity than the
simplified model of a homogeneous ice layer suggests. Young's modulus of ice exhibits
significant dependence on multiple physical parameters including temperature gradients,
porosity distribution, water saturation levels, and crystalline structure characteristics. Field
measurements typically report Young's modulus values ranging from 3 to 12 GPa under
various environmental conditions. Our derived value of 5.3 GPa indicates that despite
ongoing thaw processes, increased porosity, and water infiltration, the ice cover maintained
sufficient structural integrity to support operational requirements such as light vehicle
transportation.

Enhanced accuracy in ice parameter estimation and seismic source localization re-
quires a comprehensive approach incorporating multiple wave types beyond flexural waves
alone. The implementation of numerical modeling techniques for full-wavefield analysis
could significantly improve inversion results by accounting for complex wave propagation
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Table 2. Measured and derived ice parameters

Parameter Value

Snow cover thickness, m 0.4

Ice cover thickness, m 0.4

Water depth, m 6.8

Compressional-wave velocity in ice plate, m/s 3464

Shear-wave velocity in ice plate, m/s 1973

Ice density, kg/m³ 845 ± 84

Effective Young’s modulus, GPa 5.3

phenomena [Zhang et al., 2023]. When precise strain amplitude measurements are critical
(e.g., for engineering applications), DAS data requires calibration against conventional
seismometers or alternative independent measurement systems to ensure metrological
traceability [Chien et al., 2025].

6. Conclusion
DAS is a promising technology for high-resolution, long-distance ice monitoring. Our

experiment demonstrated its viability despite noise challenges. Operational constraints
highlight the complex interplay between environmental factors andmeasurement quality in
cryospheric DAS applications, emphasizing the need for future studies. Future work should
focus on extending monitoring durations to capture temporal evolution of ice properties
and integrating multi-physical measurements (seismic, temperature, strain) within unified
interpretation frameworks.

Future monitoring systems would benefit from standardized implementation of such
combined sensor architectures, particularly in critical applications where both spatial
resolution and measurement accuracy are paramount.

Acknowledgments. The study was carried out under state tasks of Moscow State Univer-
sity, IEPT RAS and IPE RAS, under the scientific plan of LLC T8.
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