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Summary

Preliminary results of the Transarktika-2019 winter expedition in the Arctic Ocean on the R/V
“Akademik Tryoshnikov” are presented. The expedition program included studies on meteorology,
hydrology, hydrochemistry, hydrobiology, geology, geophysics and an extensive complex of ice
measurements in the Northern Barents Sea from the drifting ice and from the ship. During the
expedition, it was possible to complete a wide range of tasks. The data obtained comprise a unique
material for a comprehensive study of the current state of the environmental conditions in the Barents
Sea. This paper highlights the most significant preliminary results of multidisciplinary observations
in various environments, which will be further comprehensively analyzed and published in separate
thematic articles.

Hocmynuna 7 ageycma 2019 e. Ipunsma x neuamu 23 cenmabps 2019 e.

Kniouesvie cnosa: bapenueBo Mope, reoiorus, reousmka, rupoOouoIorusi, METeopoIorys,
MOpCKO Jies1, okeaHorpadus, nojiesbie HaOmoneHus, CeBepHsblii JlenoBUTHIN OKeaH.

[Ipencrasiensl npeaBapuTeNbHbIE pe3ynbTaThl 3UMHEN skcnenuuuu « Tpancapkruxa-2019»
B CeBepHoM JlenoButom okeaHe Ha HOC «Axanemux Tpémnukos». IIporpamma skcnenunuu
BKJIIOYasIa B ce0sl MCCIIEJOBAHUS 110 METEOPOJIOTHH, THPOJIOTHH, THIPOXUMHH, THAPOOUONIOTHH,
Te0JIOTHH, reo(pU3nKe U OOLIMPHOMY KOMIUIEKCY U3MEPEHHIl JIEJSTHOTO MMOKPOBa B CEBEPHON YacTH
bapeniieBa Mopst ¢ apelidyromiero Jibia u ¢ 6opra cynHa. Bo BpeMst SKCHeIMIMN yIaloch BBIIOJ-
HUTb IIUPOKUH KpyT 3a1a4. [lomyuyeHHble JaHHbIE IPEICTABIAIOT COO0H YHUKAIBHbBIN MaTepHrai st
BCECTOPOHHETO U3yUeHHUs TEKYIIEro COCTOsIHUS YCIOBUH OKpy:katolel cpesbl B bapeHiieBom mope.
B crarbe 0003Ha4eHbI HanbosIee 3HAYNMBbIC MTPEIBAPUTEIILHBIC PE3YJIbTAaThl MEKANCIUIIMHAPHBIX
HaOJIFO/ICHUHT B pa3IMYHBIX CPEIax, KOTOPBIE B JaJIbHEHIIIEM Oy/1yT BCECTOPOHHE IPOaHAT3HPOBAHbI
1 OIyOJIMKOBAHBI B OT/IE/IBHBIX TEMAaTHYECKNX CTaThsIX.

1. INTRODUCTION

On May 20, 2018, with the arrival of the research vessel “Akademik Tryoshnikov”
in Murmansk, the first stage of the “Transarktika-2019”multidisciplinary expeditionary
program of the Roshydromet of the Ministry of Natural Resources of the Russian Federation
(http://www.aari.ru/transarctika2019/transarctika2019.html) was completed. In total, under
the program in 2019, four marine expeditions to the Russian Arctic seas and the adjacent
deep-water part of the Arctic basin are planned. A distinctive feature of the first stage was
conducting field research at the end of the winter season, when the Arctic ice cover reaches
seasonal maximum. Despite the obvious navigational difficulties, the value of scientific
information obtained during this period of a year is very high. This is due to the fact that
key physical processes, which shape the water mass structure, exhibit pronounced annual
variability. Thence, the measurements made in this season, allows better understanding
of the driving forces and verification of the validity of the existing theoretical concepts.
An important task of the expedition was the online transfer of the obtained information
on land, thus providing Russian contribution to the international PPP (Polar Prediction
Project) program of WMO. Three-hour meteorological and 12-hour aerologic observations,
continuous geophysical measurements, as well as information on ice drift and meteorological
parameters from 6 buoys installed at spaced points were permanently transmitted on land.
The scientific staff of the expedition included 52 specialists, representing fifteen research
organizations in Russia and Germany. A significant number of participants were students,
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graduate students and young scientists. The expedition also involved two helicopters KA-32,
which were served by 12 people of flight personnel. Detailed information about the expedition
was regularly transmitted from board by two correspondents of the television company St.
Petersburg, and a documentary about the expedition was shot by two employees of the
RT news agency (https://youtu.be/BCCvtg2a-Go). The present paper highlights the most
significant preliminary results of multidisciplinary observations in various environments,
which will be further comprehensively analyzed and published in separate thematic articles.

2. THE CRUISE ROUTE AND THE SCOPE OF WORK

The ice-strengthened research vessel “Akademik Tryoshnikov”set sails to the
operational area from Murmansk on March 21, 2019, after transit from St. Petersburg, with
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Fig. 1.The expedition route of the R/V “AkademikTryoshnikov” from March 21 to May 28, 2019.

The blue color shows the way from Murmansk to the point of the beginning of the drift with hydrological sections;
the red color shows the drift pathway and the transects, done with the helicopter; the green color shows the way back
to Murmansk with hydrological transects; the magenta color shows the return way to Kiel with hydrological transect

Puc. 1. Mapmpyrt sxcnenunmu Ha HOC «Akanemuk Tpémaukos» ¢ 21.03 mo 28.05 2019 .

CHHMM I[BETOM IOKa3aH Mepexoj u3 . MypMaHCK B TOYKy Hadaja Apeida ¢ THAPOIOrHYeCKUMHU pa3pe3aMu;
KPACHBIM I[BETOM IOKa3aHa TPAeKTOPHs Apeia u paspessl, BBIMOIHCHHBIC C MOMOIIBIO BEPTOJICTA; 3€ICHBIM
L[BETOM ITOKa3aH 0OpaTHbIN Mepexof B 1. MypMaHCK ¢ THAPOIOrHYECKUMH paspe3aMu; (HOICTOBBIM [[BETOM
rokasaH o0patHbIi nepexoa B Kuib ¢ ruaponoruyeckum pa3pe3om
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ship call at Kiel for receiving equipment of German expedition members. From March 21
to March 27, the ship moved northward with a hydrological transect along the meridian of
39° E. After choosing a suitable ice field and anchoring the vessel to it, an ice camp was
deployed over three days. Planned studies on meteorology, hydrology, hydrochemistry,
hydrobiology, geology, geophysics and an extensive complex of ice measurements began
on March, 30 from the ice. At the same time, regular hydrological profiling was carried
out from the ship with sampling for chemical analyzes, geological stations (using a direct-
flow soil tube and box corer), sampling for contamination with radionuclides, ozonometric
measurements, and monitoring of ice pressure on the ship hull. During the drift, in addition
to the 194 hydrological profiles from the ship and from the drifting ice, 59 hydrological
profiles were carried out at remote oceanographic sections oriented perpendicular to the
continental slope, within a radius of 300 km with the delivery of people and equipment
by Ka-32 helicopter. On May, 4 after the completion of work on ice, the ship headed to
north-eastern part of the Barents Sea, where six hydrological sections were occupied,
and some of these sections repeated standard historical transects (e.g. from Salm Island,
Franz Joseph Land to cape Zhelaniya, Novaya Zemlya archipelago). The main stage of
the expedition was completed on May 20 with a ship call to Murmansk, where most of
the expedition participants disembarked. After leaving Murmansk on May 24, at the way
to Kiel (Germany), a hydrological transect between cape Nordkap and cape Zuidkap was
done. The expedition route is shown in Figure 1.

3. RESEARCH HIGHLIGHTS

3.1. Turbulent sensible heat flux controls the heat balance
at the snow-ice surface in spring

The main goal of studying the processes of energy-mass exchange of the atmosphere with
the sea ice cover was to obtain estimates of the spatiotemporal variability of the main parameters
of the boundary layers of the atmosphere and ocean along the drift route of the R/V “Akademik
Tryoshnikov” by performing complex synchronous observations in the boundary layer of the
atmosphere, snow-ice cover and in the upper ocean. The tasks of the work included: (i) the
study of the structure and dynamics of the atmospheric boundary layer and the features of its
dynamic-thermodynamic interaction with the ice cover at the end of the polar night (dark)
season; (ii) the study of thermodynamic processes that determine seasonal evolution of the
snow-ice cover to identify the features of diffusive, convective and radiative heat transfer; (iii)
obtaining new data on the physical mechanisms responsible for the formation of the structure
of the upper layer of the ocean under the ice cover, including the processes of heat transfer
from the Atlantic-origin waters to the lower surface of the sea ice cover.

Calculation of the components of the heat balance at the snow-ice surface is based on
the results of measurements made using the Campbell Scientific gradient meteorological
complex installed in the ice camp. This complex provides continuous every minute
registration of atmospheric pressure (P), temperature (7)) and relative humidity (RH) of air
at a 2 meter height, wind speed (¥) at 10 m height and components of the radiation balance
at the underlying surface (incoming Q, and reflected short-wave 0, solar radiation,
long-wave radiation of the atmosphere R, and underlying surface R”p). To calculate the
components of the heat balance at the snow-ice surface, the approach described in [1] was
used. To estimate the turbulent fluxes of sensible (/) and latent heat (LE), a calculation
scheme was used based on the Obukhov similarity theory [2, 3]. In the calculations of
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Fig. 2. Characteristics of energy exchange processes in the “ice — atmosphere” system in April 2019:
(a) turbulent sensible and latent heat fluxes; (b) short-wave and long-wave balances at the underlying
surface; (c) the total heat flux from the atmosphere to the ice-snow surface; (d) a histogram of the
recurrence of the stratification parameter at the near-to-ice air layer during the drift

Puc. 2. XapaKTepuCTHKH MPOIECCOB SHEProoOMEeHa B CUCTeMe MPUIIETHBIN CI0i aTMOchepsl — 1mo-
BEPXHOCTb CHEXKHO-JISASHOTO IOKpoBa B arnpese 2019 r.: (a) TypOy/ieHTHbIE TOTOKH SIBHOTO U CKPBITOTO
teria; (b) KOPOTKOBOJIHOBBIN U JUTHHHOBOJIHOBBII OalaHChI MOACTHIIAIONICH TOBEPXHOCTH; (C) CyM-
MapHbIil TIOTOK TEIIa OT aTMOCHEPhl K CHEXKHON MOBEPXHOCTH; (d) THCTOrpaMMa MOBTOPSIEMOCTH
napamerpa cTpaTu(UKalnuy IPUISIHOTO ClIosi aTMocdeps! B epHo apetida

H and LE, the fluxes are considered positive if they are directed from the underlying
surface to the atmosphere. The direction of the total heat flux to the underlying surface (B),
calculated by the formula B =Q + R~ H — LE (where 0 = 0, — 0, and R=R, — Rup)
is considered positive from the atmosphere to the underlying surface.

Figure 2 shows the spatiotemporal variability of heat fluxes in the “ice-atmosphere”
system in April 2019 along the drift route. Despite the increase in the incoming short-
wave radiation, and, accordingly, the increase in the short-wave radiation balance (Q) due
to the increase in the duration of daylight and the height of the sun, the total heat flux
from the atmosphere to surface B decreases from 4 to —8 W/m? from the beginning to the
end of April. This is due to the large albedo of the snow cover (0.82), a slight increase
in heat consumption for evaporation (LE), a slight increase in cooling due to long-wave
radiation (R), and a significant, up to a change in sign, decrease in the turbulent sensible
heat flux directed to the surface (H). The latter is confirmed by temporal variability of the
temperature contrast between 2 meter height and the surface (7, - T)), and by the histogram
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of the recurrence of stratification in the near-to-ice air layer, which shows a significant
number of unstable stratification cases(see Fig. 2 d).

Obtaining correct estimates of the turbulent flux of sensible heat, based on various
parameterizations [4], still poses a challenge. Correct estimates are especially important
when modeling sea ice cover in spring, when a slight increase in heat influx leads to
a sharp decrease in albedo and the onset of intense melting. A significant contribution to
the solution of this problem is expected after careful processing and analysis of complex
observations carried out during the expedition.

3.2. Inhomogeneous ice cover activates processes at the ocean — air interface in winter

Sea ice cover is one of the key indicators of the state of polar climate systems.
At present, the most detailed information on the state of sea ice is provided by satellite
measurements. However, the accuracy of measuring sea ice thickness from processed
satellite data is still insufficient. With this in mind, contact measurements of ice thickness
at spaced points provide valuable information for validating satellite measurements
and improving the quality of sea ice volume calculations. Due to the organization of
remote observations using a helicopter, the expedition collected a unique array of contact
measurements of sea ice thickness at the helicopter landing points during hydrological
profiling. This data array covers an area of about 50 thousand km? along the continental

1710

38 39¢ 4 E
Fig. 3. Ice conditions around the drift area of the R/V “AkademikTryoshnikov” according to
multichannel surveys from the Sentinel-2a satellite at 11:56:51 UTC on 04.17.2019 with a spatial
resolution of 10 m. (1) denotes the position of R/V “Akademik Tryoshnikov”, (2) denotes developing
crack in the ice field

Puc. 3. Jlenosast o6ctanoBka B paiione apeiipa HOC «Akanemuk TpEMTHUKOBY 10 TAHHBIM MHOTO-
kaHajpHOU cheMku ¢ MIC3 Sentinel-2a va 11:56:51 UTC 17 .04.2019 ¢ pa3pemenuem 10 m. [ud-
pamu o6o3nauensl: (/) nonoxenne HOC «Axanemuk TpéuHnkosy, (2) pa3BUBAIOIIasCsl TPELHHA
B JIC/ITHOM T10J1e
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Fig. 4. (a) Photograph of the hummock and UAC flight route. (1) denotes the axis of the ridge, (2)

denotes the UAC flight route on April, 11, 2019 at 15 m height; (b) Spatial distribution of surface
temperature (/) and albedo (2) over flat ice and hummock

Puc. 4. (@) Dotorpadus Topoca u mapupyT mnonera BIIJIA. Ludpamu o603nagensr: (1) ock Topoca,
(2) Tpaexropus nonera BITJIA 11 ampenst 2019 1. Ha BeIcoTe 15 M; (b) mpocTpaHCTBEHHOE pacmpesie-
JICHHUE TEeMIIepaTypbl MoBepxXHOCTH (/) 1 anpbeno (2) poBHOTO U BCTOPOIIEHHOTO JIbJa
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slope and will be used together with the data on ice concentration for calculation of the
volume of sea ice in the study area at the end of the 2019 winter season.

Studies of the features of energy and mass transfer processes in the polar regions
are primarily related to taking into account the areas occupied by young ice and open
water (cracks, leads, polynyas), which are the main sources of intense heat transfer to
the atmosphere in winter and the areas of solar energy absorption in summer. During
the entire drift of the R/V “Akademik Tryoshnikov”, the surface of the ice cover was
constantly changing (Fig. 3). Under the influence of dynamic factors in the vicinity of
the ice camp there was a constant formation of cracks that transformed into leads and
polynyas, and, on the contrary, closing polynyas led to fast building of ridges, sometimes
reaching 2-meter height.

Such competitive processes can probably be considered as quite typical for the
conditions of the present-day warming in the Arctic, not only in the drift region, but also
in other areas. This is due to the increasing fraction of thinner seasonal ice in the total
balance. Taking this into account, the expedition program included experimental studies
of understudied processes of energy exchange over hummocks. A few experimental and
theoretical studies show that the nature and intensity of energy transfer processes in
the presence of hummocks noticeably differ from the conditions observed on flat ice
[5, 6, 7, 8,9, 10]. There are practically no technical and methodological tools for the
correct assessment of energy exchange near hummocks [11]. To study the features of the
spatial distribution of albedo and surface temperature over flat ice and hummocks, an
Explorer Quad (unmanned aerial copter, UAC) was used. The UAC housed the original
measuring unit designed in AARI, which consists of a LI-190SA photometer manufactured
by LICOR LTD (USA), an infra-red thermometer (Russia), a camera, and a control unit
[12]. To conduct ground-based verification measurements in parallel with UAC flights
over a flat ice, a rack with pyranometers similar in design and spectral range to the UAC
sensor was installed close to the studied hummocks. For continuous recording of incoming
and reflected radiation at the sea ice surface were used pyranometers: LI-192SA and ADC
(programmable data-logger LI-1000), manufactured by LICOR LTD.

On the basis of accomplished measurements it was found that the reflectivity of
a flat surface is higher than that of hummocks. In some cases, the difference between the
albedo of flat ice and the albedo of hummocks exceeded 10 per cent, with the maximum
differences up to 30 per cent. This means that the recorded differences are significant,
since the relative error of a single albedo measurement in real conditions does not exceed
+5 % [13].

A snapshot of the hummock shown in Figure 4 ¢ made it possible to perform
a detailed analysis of the data obtained during UAC flights. For example, it was possible
to reveal that shaded areas at slopes of hummocks have the minimum albedo (points No.
8 and 10 in Figure 4 a). Small, in comparison with flat ice, albedo values cause large
absorption of solar radiation. The latter was revealed experimentally during the expedition
and partially confirmed theoretically [8, 9]. However, the surface temperature near the
hummock ridge is noticeably lower than that at the neighboring flat ice. This can lead either
to an increase in the influx of heat from the atmosphere (at a constant air temperature) or to
the formation of stable stratification in the near-to-ice air layer (inversion), which impedes
vertical turbulent exchange. Thus, a preliminary analysis of collected data suggests that
the energy exchange near hummocks significantly differs from that over flat ice. These
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features should be taken into account in mathematical models as well as the differences in
ocean-air energy exchange between a consolidated ice cover and an open water surface.

3.3. Two branches of Atlantic water shape hydrological
and ice regime of the Barents Sea

The main external factor controlling the hydrological regime of the Barents Sea is the
inflow of warm and salty Atlantic origin waters from adjacent basins. Across the western
border, a wide strait between the Scandinavian Peninsula and the Bear Island, Atlantic
water enters from the Norwegian Sea to the central and southern parts of the Barents Sea.
Atlantic water from the Nansen Basin flows in through deep-water trenches at the northern
border of the sea. In modern literature, these water masses are commonly referred to as the
Barents Sea Atlantic Water (BAW) and the Fram Strait Atlantic Water (FAW), respectively.
We will adhere to this terminology in the further presentation. To assess the state of both
branches of the Atlantic waters at the end of the winter season, a hydrological section
was performed along 39° — 40° E. from 70° to 84° N (see Fig. 1). During the transition,
hydrological profiling was carried out by a regular CTD (Conductivity Temperature Depth)
device Seabird SBE911plus (www.seabird.com). During the drift measurements in the
northern part of the section were performed by a SeaCAT Profiler CTD SBE 19plus
(www.seabird.com)with the delivery of equipment to the transect points by helicopter.
The consistency of the data obtained using both devices was checked by inter calibration
at several stations, and after the expedition was completed, the sensors passed standard
verification in a certified company.
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Fig. 5. Temperature distribution (°C, color) at the meridional transect along the meridian 39—40° E.
during the time interval May, 21 — April, 4, 2019. Black triangles at the top show position of CTD casts

Puc. 5. Pacnpenenenne temmneparypst (°C, moka3zaHo IIBETOM) Ha MEPHIMOHAIBLHOM pa3pese BIOJIb
MepuanaHa 39-40° B.x. 21.03 — 05.04. 2019. Ilonoxenue Touexk CTD-30HAMpPOBaHMI MOKa3aHO
YEPHBIMH TPEYTOJIBHUKAMH B BEPXHEH YaCTH PUCYHKA
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The characteristic features of the hydrological structure in the central part of the
Barents Sea and on the continental slope of the Nansen Basin are well distinguished by
the meridional temperature distribution (Fig. 5).

The main warm core of BAW with a maximum temperature of 3.8°C at a depth
of 100 m is revealed at the southern border of the transect in the Central Depression. At
the periphery of the warm core, a quasi-homogeneous vertical temperature distribution
from surface to bottom is observed, indicating an intensive winter convective mixing.
The secondary core of BAW with a maximum temperature of 1.1 °C is located in the
trench between the Central Bank and the Perseus Bank from a depth of 50 m to the
bottom. Two warm cores are separated by a frontal section with a minimum temperature
of —1.1 °C above the Central Bank. The Central Bank is an important element of the
bottom topography of the Barents Sea, affecting its hydrological regime through the
formation of cold dense waters in the winter season [14]. These waters flow down along
the slopes of the bank into the adjacent deep-water basins, which leads to the separation
of the initially single stream of BAW into two jets. A fundamentally new result obtained
during the expedition is the establishment of the fact that winter convection over the
Central Bank can be purely thermal, i.e. the formation of a homogeneous “column” of
dense water above the bank does not necessarily require salinization during ice formation,
which was previously assumed as a necessary condition [15]. The obtained new knowledge
is confirmed by the fact that at the end of March 2019, the boundary of consolidated one-
year ice was located 80—100 miles northward off the Central Bank (Fig. 5), while the
appearance of drifting ice in the Central Bank region dates by the second half of April.
The polar front separating BAW (in the south) from the surface Arctic water mass with
a surface temperature close to the freezing point is located above the southern spur of the
Perseus Bank. Further to the north, to the northern peaks of the Perseus Bank, as well as
in the southern part of the transect, there is a high uniformity of temperature along the
vertical, which indicates intense convective mixing. However, convection in this region
is obviously of haline origin. The densification of surface water in this case occurs as
a result of salinization during ice formation. To the north of the Perseus Bank, the deep
and bottom layers of water are characterized by a positive temperature, which is associated
with the influence of the heat of FAW, which main core with a temperature of 2.6 °C is
in the depth range of 100-200 m on the Nansen Basin continental slope. The lowering
of the bottom topography along the transect begins well before the continental slope, in
the Franz Victoria Trough, where the maximum depth reaches 450 m. However, within
the trough, the water temperature does not exceed 0.1-0.3 © C, which is associated with
the intense formation of cold dense waters along the trough perimeter and their runoff
down the trough slopes.

3.4. Intensive formation of dense waters on shelves and their cascading
into the adjacent water basins is the main mechanism
of water masses transformation in winter

Observations on a series of successive hydrological transects in the north-eastern
Barents Sea (see Fig. 1) cast doubt on the existing concept that the transformation of BAW
is largely due to the open sea winter convection. A preliminary analysis of the collected
data suggests that the role of cascading (descent of dense cold water forming on shallow
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Fig. 6. Distribution of potential density (kg/m?, color) in the Franz Victoria Trough at 250 m depth
in April — May 2019. Black dots show position of CTD casts

Puc. 6. Pactipenienienre OTEHIHATBHON IOTHOCTH (KI/M>, IOKAa3aHO IBETOM) B kerobe DpaHil-
Bukropus Ha niry6nne 250 M B anpenie—mae 2019 1. [Tonoxenne rouexk CTD-30HaMpOBaHUI TOKa3aHO
YCPHBIMU TOYKAMHU

shelves) is more significant. To illustrate this statement, Figure 6 shows a chart of potential
density at 250 m depth in the Franz Victoria Trough, where a large number of CTD profiles
made it possible to generate horizontal distribution of hydrological parameters. The Franz
Victoria Trough is the main water exchange channel with the deep Nansen Basin in the
northern part of the Barents Sea. The average depth of the trough is about 300 m, facilitates
free penetration of the warm FAW from the north. As showed a preliminary analysis of
observations, the nature of water exchange through the trough is fundamentally different
from the patterns established earlier on the basis of summer and fall surveys [16].

As a result of mixing with cold and slightly fresher dense waters formed on the
island shelves surrounding the trough and flowing downslope, the FAW entering from the
Nansen Basin rapidly cools down and freshens throughout the entire thickness. Through
the southern channels, colder (with temperature less than zero) and slightly saltier water,
which formed on the southern island shelf of Franz Joseph Land and Ushakov Bank, enter
the trough. As a result, at depths below 200 m a density front forms between cooled (but
still keeping positive temperature and increased salinity) FAW, which tongue is stretched
southward along the western flank and the denser water with a negative temperature and
slightly lower salinity moving northward along the eastern flank of the trough. At the
mouth of the trough dense water flow turns eastward along the continental slope under
the influence of the Coriolis force and mixes with FAW, leading to cooling and freshening
of the latter [17].
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3.5. Zoobenthos in the Franz Victoria Trough

The bed and slopes of the Franz Victoria Trough are interesting not only in terms
of oceanographic characteristics, but in terms of zoogeographic features of the fauna
inhabiting it as well. FAW penetrates into the trough from the north, forming specific
environmental conditions for the bottom fauna [18]. In addition, the northernmost deep-
water segments of the trough bed are affected by the Arctic waters, which also affect the
composition of the fauna. The main goal of the work was to study the communities of
bottom biotopes at the northern edge of the Arctic shelf and the Franz Victoria Trough,
the vertical distribution of animals in the bottom sediments’ profile and their interaction
with the environment. Preliminary results of the primary processing of the collected
biological material show that polychaetes, mainly Spiochaetopterus typicus (M. Sars,
1856) and Maldanidae gen. spp., dominated qualitatively and quantitatively at all stations.
At depths of 150-200 m, the biomass and abundance of bivalves (families Astartidae,
Thyasiridae) also increased significantly. In addition, a high diversity of crustaceans was
noted in the deep part of the Franz Victoria Trough. In soft sediments of the bed of the
trough the number of echinoderms sharply increased, in particular starfish Ctenodiscus
crispatus (Bruzelius, 1805).

Study of the vertical distribution of benthic organisms in the bottom sediments helps
to better understand the biology of certain species, the ways of organic matter utilization
in the community, and the influence of biota on the structure of sediments. A preliminary
analysis of the vertical distribution of higher taxa in the sediments’ profile showed that,
with the exception of organisms living only on the sediment surface, the number of
higher taxa of infauna (16) in the sediments didn’t change to a depth of 5-6 cm. This
horizon approximately corresponds to the maximum thickness of the upper water-saturated
sediment layer, sometimes with an adjacent intermediate layer with a less degree of water
saturation. Deeper than 5—6 cm, the number of taxa began to decline, and only Polychaeta
were present from 22 to 31 cm.

Figure 7 shows the result of a DistLM analysis of the connection between the vertical
distribution of higher taxa in the sediments’ profile and the environmental factors: depth,
near-bottom temperature, type of sediments. The values of near-bottom salinity practically
did not change between the stations. Expectedly, the influence of this factor was not reliable
and it was excluded from the final analysis. Other factors had a high degree of significance
(P =0.001), however, the share of the explained total variation was relatively low (11 %
for the temperature, 16 % for the sediment type, 10 % for the depth). This may be due
to the use of rather “rough” data, both biological (only higher taxa) and lithological (few
grades of sediments’ fractions). However, this preliminary analysis provides already some
results to be checked and developed when a detailed processing of the samples is carried
out and quantitative data are obtained. At the Figure 7, two groups of stations are seen,
matching biotopes characterized by different abiotic characters and different higher taxa
composition and vertical distribution:

1 (marked by circles) — shallow-water (depth less than 300 m) biotopes of the trough
slope, with negative near-bottom temperature and high sand content in bottom sediments.
As arule, a large number of stones or pebbles were present. The depth of penetration of
invertebrates into the sediments was on average 1.5 less than in the biotopes of the second
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Fig. 7. Results of the DistLM-analyses of the environmental predictors’ influence on the vertical
distribution of the number of higher taxa in the bottom sediments’profile (/-3) near-bottom
temperature: (/) negative (—0.7...—1.8°C), (2) slightly negative (—-0.2... 0°C), (3) slightly positive
(0... 0.7 °C); (4-9) predictors: (4) clay sediments, (5) fine sandy sediments, (6) sandy sediments, (7)
pebbles and stones, (8) depth, (9) near-bottom temperature; numbers at the stations’ symbols mark
depths over and below 300 m

Puc. 7. Pesynprar DistLM-aHann3a 3aBUCHMOCTH BEPTUKAIBEHOTO PACTIPESIICHNS YHCIIa KPYITHBIX
TaKCOHOB B TOJIIE OCA/IKOB OT (haKTOPOB cpesl. (/—3) mpupoHHas TeMneparypa: (/) oTpuiarensHas
(-0,7... 1,8 °C), (2) cnabo orpunarensuas (—0,2... 0 °C), (3) cnabo monoxurensHas (0... 0,7 °C);
(4-9) npeuKTOpBIL: (4) IMHUCTBIE OCAIKH, (5) MEITKOIIECYAHNUCTHIE 0CAIKH, (6) TIECIAaHUCThIE OCAIKH,
(7) ranpka u kKamHH, (8) TiTyOHHA, (9) IPUIOHHAS TEMIIEpaTypa; HudpaMu y 3HAYKOB CTAHIHIA 000-
3HaueHbI ITyOuHBI Oosee u MeHee 300 M

type, but the distribution along the profile was even, showing gradual decline of number
of taxa with the depth under the sediments’ surface.

2 (marked by squares) — stations with depths below 300 m, close to zero or slightly
positive bottom temperatures (due to the inflow of FAW) and clay bottom sediments. The
deepest penetration into the sediments of the mass polychaetes S. typicus and Maldanidae
gen. spp. was recorded; but the other groups mostly occurred not deeper than the upper
water-saturated layer.

3.6. Icebergs rafting in the late Pleistocene deglaciation period
is a probable source of large-sized rock fragments

The Barents Sea continental margin is a unique region due to its variable geological
structure, complex tectonics, diversity of sediment source areas, dissected relief and high
hydrocarbon potential. Franz Victoria Trough, one of the most important morphological
and structural elements of the shelf, is the largest channel connecting the Barents Sea with
the Arctic Ocean. Here, FAW enters the Barents Sea, and sediment material is transported
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in the opposite direction, to the deep Nansen Basin. These background processes setup
prerequisite conditions for massive redistribution of terrigenous material around the Arctic
Ocean. Similar processes were acting in the geological past and therefore they can be
reconstructed by a comprehensive study of bottom sediments. Paleo-oceanographic studies
in the northern part of the Barents Sea are extremely significant for understanding the
general evolution of climate during the Quaternary. In accordance with the direction of the
ship’s drift, geological profiles were taken through the northern part of the Franz Victoria
Trench, along its western side, and in a shallow area north of Kvitoya Island. Sediment
samples were obtained at 48 geological stations with the help of a small box-corer and
a gravity corer.

The results of the initial analysis of the sampled material allow figuring out
preliminary considerations on the features of sedimentation in the northern part of the
Barents Sea in the Late Quaternary. The Upper Quaternary section of bottom sediments
in the region was formed under the conditions of two radically different sedimentation
regimes. Their change is associated with the transition from cold late Pleistocene climate
to warm Holocene. Sediments accumulated during the Holocene is represented by brown,
gray-brown, and brown-gray silty clay (sometimes with a noticeable sand admixture),
including rare psephitic material of gravel-pebble dimension. Their thickness, as a rule,
is not large (10-50 cm). Below lay gray sandy silty clay saturated with gravel-pebble (up
to boulder size, more than 10 cm) material. The majority of psephytes are represented by
non-rounded acute-angled samples, or sub-angular and ribbed ones with noticeable frayed
edges. They correspond to 0 and 1 rounded points (the lowest) in accordance with the
Khabakov scale, or vary from 0.15 to 0.35 according to the Wadell roundness scale (Fig. §).
Theoretically, the sources of coarse fragments can be local outcrops [19, 20], gravitational
slope flows, or rafting by sea ice and icebergs. Most likely, the first two of the listed
sources did not have leading significance in the studied region. If they prevailed, coarse
clastic material would be distributed more or less evenly along the section. However, the
increased content of psephytes is recorded only in its deeper part, which suggests higher
probability of delivery by icebergs. The intensity of iceberg calving culminated during
deglaciation stage. After relative stabilization of climate in the Holocene, the icebergs
rafting ceased to play a noticeable role, which led to significant decrease in the number
of psephytes in the shallower part of the section.

¥ .
Fig. 8. Geological station AT19-09GC. The erosion boundary is clearly visible between the Holocene
brown silty clay (left) and the Late Pleistocene dense gray sandy silty clay with gravel-pebble sized
material (right). The cavernous surface of the gray sediment is associated with a large amount of
fine gravel

Puc. 8. I'eonornueckas cranuus AT19-09GC. Xopo1o BuaHa 3p0o3HMOHHAS IPaHUIa MEXK Ly ToJIoIe-
HOBBIMH KOPUYHEBBIMH aJIEBPOIIEIUTAMH (CJIeBa) M MO3IHEIICHCTOICHOBBIMH TUIOTHBIMU CEPBIMHU
MECYaHbIMU aJICBPOICIUTAMHU C MaTEpUAIIOM JIPECBSIHO-IICOHEBOM pasmMepHOCTH (cripaBa). Kasep-
HO3Hasl TIOBEPXHOCTh CEPOT0 0CajKa CBs3aHa C OOJBIINM KOJIMYECTBOM MEJIKOU IPECBBI
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Preliminary estimates show that the petrographic composition of large-sized rock
fragment material (psephytes) varies greatly within the studied area. Basalts and dolerites,
which are a kind of marker of the Franz Joseph Land, are extremely rare among the
studied psephites. Quartz sandstones, quartzites and carbonates (mainly dolomites, less
often limestones) prevail. Such variability indicates the diversity of iceberg sources and
the complex circulation of the latter during the deglaciation period. Further research will
be aimed at reconstruction of the general direction of the movement of paleo-icebergs, and
at identification of their sources. This will significantly improve the general understanding
of the evolution of the Late Quaternary processes within the northern margin of the
Barents Sea shelf.

3.7. Geophysical monitoring in the Arctic zone of the Russian Federation

Thermonuclear reactions occurring in the core of the Sun are the source of continuous
emission of solar plasma and electromagnetic radiation into the outer space. The complex

of phenomena and processes in outer space due to these emissions is called space weather.
The main agents of space weather effects include: continuous outflow of magnetized low-

Fig. 9. Oblique soﬁnding paths of the ionosphere March 25, 2019

Puc. 9. Tpaccel HaKIIOHHOTO 30HANPOBaHUS HOHOC(hEpsI 25 MapTa 2019 1.
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energy solar plasma (solar wind); coronal mass ejection (CME) associated with solar flares
and including high-intensity magnetic fields (“magnetic clouds™); solar ultraviolet (UV)
radiation; fluxes of high-energy solar protons and electrons (“solar proton events”, SPE)
that invade the Earth polar caps. Taking this into account, the actual tasks of geophysical
monitoring in the Arctic zone of the Russian Federation include: (i) the nowcast of the
influence of space weather on the state of the magnetosphere and the polar ionosphere
(assessment of the probability of development and intensity of auroral substorms and world
magnetic storms according to operational data on the PC index; (ii) operational diagnosis
of magnetic-ionospheric disturbances in various regions of the Arctic; (iii) operational
diagnosis of sudden frequency deviations (SFD) in order to prevent disturbances in the
operation of systems of radiolocation, navigation and GPS (based on multichannel Doppler
measurements); (iv) monitoring the propagation conditions of decameter radio waves in
the Arctic region (on the basis of ionospheric oblique sounding); (v) developing methods
and means for monitoring the effects of artificial high frequency radio waves in the high-
latitude ionosphere; (vi) monitoring the effect of space weather on human health.

A necessary condition for solving these problems is the permanent ionospheric
measurements (vertical and oblique sounding of the ionosphere) in the polar cap area with
the immediate transfer of information to receiving centers on land. During the expedition
novel technical approaches were developed to solve a number of the listed above tasks.
The measurements were conducted from the nonmagnetic pavilion in the ice camp in
combination with continuous measurements from board. A similar approach is planned to
be used when organizing geophysical observations from an ice-resistant platform (LSP).
During the expedition, a large amount of data was collected and immediately transmitted
to the AARI Polar Geophysical Center. The significance of the additional point for oblique
sounding of the ionosphere in the polar cap region is illustrated in Figure 9, which shows
the radio signal paths that can significantly expand the field of operational monitoring of
the high-latitude ionosphere.

4. CONCLUSIONS

The most important outcome of the expedition was the practical implementation of
multidisciplinary observations from the ice with the immediate transfer of the received
information to the ship and to reception centers on land. During the expedition, specific
procedures were developed for the efficient organization of observations at a new type of
ship-ice drift station, which will be taken into account during the construction, equipment
and operation of the North Pole ice-resistant self-propelled platform (LSP). The field
studies carried out in March-May 2019 made a significant contribution to the study of
the transformation of Atlantic waters in the Barents Sea, including the continental slope
of the adjacent Nansen Basin under changing climatic conditions, as well as to the study
of the mechanisms of formation of dense shelf waters in the Barents Sea. Comprehensive
information was obtained on the state of the Barents Sea environment.

During the expedition, it was possible to complete a wide range of tasks. The data
obtained comprise a unique material for a comprehensive study of the current state of
the environmental conditions in the Barents Sea. The data collected make it possible to
obtain more reliable estimates of the spatiotemporal variability of the main elements
of hydrometeorological regime, to better understand the mechanisms of water masses
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formation, their influence on climate changes at high latitudes, and to contribute to solving
the tasks of sustainable development of the Arctic region.

The first stage of the Transarktika-2019 expedition was a logical continuation of the
expeditions at the North Pole drifting stations under the current conditions of declining
ice cover. The implementation of the expedition program made it possible to test new
technologies for organizing and conducting modern integrated scientific research in terms
of ensuring the safety of work, internal, interdepartmental and international cooperation,
which is necessary for the forthcoming operation of the LSP.
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Tpancapkruka-2019:
3uMHSsIs1 dkcniequiusi B CeBepHblii Jle1oBUTHII 0keaH
Ha HIC «Akagemuk TpemrHnukon»
(pacuupenHsblii pedepar)

HBammaroro mas 2018 . ¢ mpubsitnem HOC «Axanemuk TpéuraukoB» B m. Myp-
MaHCK 3aBEpIIWJICS TEPBbI ATal KOMIUIEKCHOW 3KCHEIUIIMOHHON mporpaMmbl « TpaHc-
apkruka-2019» Pocrunpomera Munmnpupoast P®. Beero B pamkax ykazaHHOM porpamMmmbl
B 2019 1. 3ar1aHUPOBAHO YETHIPE MOPCKHX IKCIICAUIINN B POCCUICKIE apKTHUECKUE MOPST
1 TIPUJIETAOIIYIO TITYOOKOBO/IHYIO 4acTh ApKTHUYeCKOro OacceiiHa. OTINYNTEIBHON 0CO-
OCHHOCTEIO IEPBOTO 3Tamna ObLUTO MPOBEACHUE TIOJIEBBIX UCCIICIOBAHNN B KOHIIE 3UMHETO
Ce30Ha, KOT/a apKTUYECKUH JICSHONH MOKPOB JOCTHTAET MHKAa CE30HHOTO MaKCHMyMa.
Hecmotpst Ha 04eBHAHBIE HABUTAIIMOHHBIE TPYAHOCTH, IEHHOCTh HAyYHOH HH(pOpMAaLNH,
MOJyYeHHON B 3TOT IIEPUOJ TOfa, OKa3bIBACTCS BeChbMa BBEICOKOW. JTO CBS3aHO C TEM,
YTO PSIT KIFOUYEBBIX CTPYKTYpPOOOPA3YIOMINX THAPO(YU3MIECKUX MPOIIECCOB MPOSBISACT
SIPKO BBIPKEHHYIO CE30HHYIO M3MEHUYMBOCTh M M3MEPEHUSs], BHIOJHEHHBIE B Hanboee
TTOJIXOISAIINI CE30H, MO3BOJISIOT JTYUIIe IMOHATh MEXaHU3MEI TIPOIIECCOB M IPOBEPUTH
CIPaBEIIMBOCTH CYIIECTBYIOIIUX TEOPETHUCCKUX KOHIICTIIIHH.
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[Tocne BeIXoaa B paiioH padoT Ha ceBepe bapeHieBa Mops 1 BEIOOpaA MTOAXOSIIETO
JIEJSTHOTO T10JIs1 B TEUCHNE TPEX JHEH Ha JIbANHE ObII Pa3BEPHYT Jarepb, ¢ KOTOPOTo OBIIH
HayaThl TUIAHOBBIE MCCIICIOBAHMUSA 110 METEOPOJIOTHH, THAPOJIOTHH, THAPOXUMHUH, THIPO-
OuoNOrHN, reoJIOTHN U reo(H3NKe, & TAKIKE BHITOIHSICS OOIIMPHBIA KOMIIIEKC JISTOBBIX
n3mepenuil. OqHOBpEMEHHO ¢ OopTa Cy/IHa NPOBOMIIICEH PETYISPHBIEC THAPOIOTHIECKHE
30HMPOBAHMS C IPOOOOTOOPOM Ha T'MAPOXMMHUYECKHE aHAIM3bI, 0TOOP MPo0 Ha 3arpsi3He-
HHE PaJUOHYKINJaMU, 030HOMETPUUECKUE U3MEPEHHS], IIPOBOANIICS MOHUTOPHUHT JIEJOBBIX
Harpy3oK Ha KOpIyC CyIHa.

B nononuenue x 194 ruapoaornueckuM 30HINPOBAHUAM ¢ OOpTa Cy[AHA U C Ipei-
¢yromiero abpaa 3a Bpems Apeiida ObUIO0 BHIMOIHEHO 59 THAPOIOTHYECKUX 30HINPOBaA-
HUH Ha BBIHOCHBIX OKE€aHOTPa(HUECKHIX pa3pe3ax, OpPUECHTUPOBAHHBIX NEPIIEHANKYIISIPHO
KOHTHHECHTAJIBHOMY CKJIOHY, B pajauyce 10 300 KM ¢ JOCTaBKO# JIrofel 1 000pyI0BaHHs
BeprosieroM Ka-32. [Tocie okoH4aTeIpHOTO 3aBepuIeHus paboT Ha by 4 Mast Cy[AHO Ha-
IIPAaBUJIOCH B CEBEPO-BOCTOUHYIO YacTh bapeHieBa Mopsi, I1e ObIJIO BBIIOJIHEHO IIECTh
THIPOJIOTHYECKUX PAa3pEe30B, aCTh U3 KOTOPHIX B TOYKAX MOBTOPSIOIINXCS HCTOPHUECKUX
paspes3os.

BakHeHImMM pe3ynbTaToM SKCIEIUINAN CTalla TPAaKTHUeCKas pealn3ausi Myib-
TUIMCUMIUTMHAPHBIX HAONIO/ICHNI CO JIbJia C ONEpaTHBHOM Iepenadeil mosy4aeMoi WH-
(dbopmaruu Ha CyJHO M B NpHUEMHBIC HEHTPHI Ha Oepery. Bo Bpems skcnenunun ObuH
0TpaboTaHBl KOHKPETHEIC MPOLEAYPHI IO YPPEKTHBHON OpraHU3aIlui HAOMIONCHUH Ha
Jpeiidyroliell CTaHIIMKU HOBOTO THIIA «CYTHO — JI/», KOTOpPbIE OYIYT YUTEHbI IIPU CTPOU-
TEJILCTBE, 00OPYIOBAHNY U JKCIUTyaTallMy JISTOCTOHKON CaMOJBIKYIIEHCS TaT(OpPMBI
(JICIT) «CeBepHBIit TTOTFOCH.

OKCIEeUITMOHHBIC HCCIIEI0OBAHNSA, OCYIIeCTBICHHBIe B MapTe—Mae 2019 r., BHeCTH
3HAYMTENBHBINA BKJIA]] B M3y4EHHE POJIM TPaHC(HOPMALMHY aTIIaHTUYECKHUX BOJI HA MaTepPUKO-
BOM CKJIOHE W TIPUMBIKAOIIECH TITyOOKOBOIHOM YacTH APKTHYECKOTO OacceliHa B M3MEHUB-
IIMXCS KIMMaTHYECKUX YCIOBHUSX, a TAKXKe B MCCIIEJOBAaHUE MEXaHI3MOB ()OPMUPOBAHUS
YIUIOTHEHHBIX IIENb(OBBIX BOJ B bapeHieBoM Mope 1 MX BKJIaja B IPOIECCH OOHOBIIC-
HUSI BOJHBIX Macc. bpla nmomyuena komrmiiekcHas HH(GOpPMAILMK O COCTOSTHAN TPUPOAHON
cucrteMsl B bapeH1ieBoM Mope, BKJIHOUasi KOHTHHEHTAJIbHbIN CKJIOH HAa CEBEPHOU I'PaHULE
Mopst 1 Apkrudeckoro Oacceitna CJIO.

B xoze skcmenuuu yaanochk BBIMOIHUTH MUPOKUH Kpyr 3amad. [lomydueHHbIe
JTAaHHBIC TIPEACTABIAIOT COOON YHUKATBHBIA MaTeprai A BCECTOPOHHETO UCCIeI0Ba-
HUSI TEKYIIETO COCTOSIHUS TPUPOAHBIX yCinoBui apkrnuyeckux mopeit CJIO. Cobpannsie
JTaHHBIE MTO3BOJIIOT MOIYYUTh O0JIee Ha/IeXKHbIE OIIEHKN IIPOCTPAaHCTBEHHO-BPEMEHHOM
M3MEHYMBOCTH OCHOBHBIX 3JI€MEHTOB I'HIPOMETEOPOIOTHIECKOTO peKnuMa, bonee riy-
0OOKO M3YyYNTh MEXaHM3MBI (DOPMUPOBAHUSI BOAHBIX MaccC, UX BIUSHUE HA U3MEHEHUS
KIIMMaTa BBICOKHX IIMPOT ¥ CIIOCOOCTBOBATH PEIICHHUIO 33/1a4 KOMIUIEKCHOTO OCBOCHHUS
ApPKTHUKH.

ITepssriit atan skcnenunun «Tpancapkruka-2019» sBUICS TOrHUECKUM MPOIOII-
JKEHHUEM JKcIequnuii Ha apeiidyrommx cranuusx « CeBepHbII MOII0C» B COBPEMEHHBIX
YCIIOBHSIX COKPAIIAOLIETocs JISASHOTO MOKPOBA. BBIMOTHEHNE MPOTrpaMMBbl SKCTICAUIIUT
MIO3BOJIMJIO ONTPOOOBATh HOBBIC TEXHOJOTHUHM OPTAaHM3ALMH U MPOBEICHUSI COBPEMEHHBIX
KOMIUIEKCHBIX HAayYHBIX UCCIIEZIOBAHMIA, B TOM YHCIIE B aCTIEKTe 00eCIeueH s O€30IIacCHOCTH
MIpOBEICHHS PadoT, BHYTPHU-, MEKBEOMCTBEHHOTO U MEKAYHAPOAHOTO B3aUMOACHCTBHS,
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OKEAHOJIOI'HA

HEOOXOMUMBIC JUTS TOATOTOBKY M Havana dkcruryatarmu JICIL. B mpemnaraemoii cratbe
0003HaueHBI HanOoJIee 3HAYMMBIC TIPEIBAPUTEIBHBIC PE3YABTATHI BRIIOIHEHHBIX HAOIOIe-
HUI B Pa3JIMYHBIX CpellaX, KOTOPHIC B TAIbHEHIIIEM OYIyT BCECTOPOHHE MPOAHATU3UPOBAHBI
U OIyOJIMKOBAHBI B OTACIHHBIX TEMAaTHICCKIX CTAThsX.



