
163

Roman Bezhenar1, Vladimir Maderich1, *, Igor Brovchenko1,
Fabio Boeira Dias2, Cecilia Äijälä 3, Petteri Uotila3

1 Institute of the Mathematical Machine and Systems Problems,
Kyiv, 03187, Ukraine

2 Climate Change Research Centre, University of New South Wales,
Sydney, 2052, NSW, Australia

3 Institute for Atmospheric and Earth System Research / Physics,
Faculty of Science, University of Helsinki, Helsinki, 00100, Finland

* Corresponding author: vladmad@gmail.com

Lagrangian pathways connecting
the Weddell and Bellingshausen Seas

Bezhenar, R., Maderich, V., Brovchenko, I., Boeira Dias, F.
Äijälä, C., & Uotila, P. (2024). Lagrangian pathways connecting
the Weddell and Bellingshausen Seas.
Ukrainian Antarctic Journal, 22(2), 163–171.

https://doi.org/10.33275/1727-7485.2.2024.734

1 Introduction

The Southern Ocean’s circulation specif ics are 
determined primarily by the absence of a meri d-
ional boundary at the latitudes of the Drake Pas-
sage that results in the continuous ring of eastward 
currents around Antarctica (the Antarctic Cir cum-
polar Current, ACC). In addition, there are west-

ward currents on the shelf and continental slope. 
One of these is the Antarctic Slope Current (ASC), 
a band of water moving west along the continen-
tal slope. Another is the Antarctic Coastal Cur-
rent (ACoC) flowing along the shelf’s ice fronts 
and coastline. Shelf and slope topography, coast-
line geometry, buoyancy fluxes, and wind fields 
are key factors in forming these currents.
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Abstract. This study assesses the connectivity of currents around the Antarctic Peninsula and identifies the structure 
of flows carrying virtual particles from the Eastern to Western Antarctic Peninsula continental shelves. We use circula-
tion data for the Weddell and Bellingshausen Seas from the Whole Antarctica Ocean Model to obtain and analyse 
particle trajectories using the Probably A Really Computationally Efficient Lagrangian Simulator (Parcels) model. The 
software included the main Parcels kernels and a previously developed kernel that ensures the conservation of the 
number of particles during flow around irregularities in the bottom relief and the lower edge of ice shelves. We also devel-
oped a kernel to simulate convection in the ocean’s upper mixed layer. Around 170000 virtual particles were released 
at a depth of 10 m during a year with a spatial step of 1 in two shelf and slope sectors in the southern Weddell Sea 
where the depth is less than 1500 m. The first sector covers the shelf area between 71S and 77S adjacent to the Filchner-
Ronne Ice Shelf. The second sector covers the shelf area between 70S and 65S adjacent to the Larsen Ice Shelf.  
The pathways of water masses were characterised by the percentage of particles that visit each 10  10 km grid cell at least 
once in a modelling period of 20 years. 21% of particles cross 58W (tip of the Antarctic Peninsula), while 70% of particles 
turn northeast. The smaller sector, adjacent to the Larsen Ice Shelf, is the main source of particles transferred to the 
Bellingshausen Sea (51%). In contrast, particles released in the larger sector were mostly transported to the northeast 
(75%). Only 3.4% of the released particles were transported to the west of 80W, while the Amundsen Sea (105W) 
was reached only by 0.1% of released particles. That indicates a virtual lack of circulation connectivity between the 
Weddell and the Amundsen Seas.
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The Antarctic Peninsula (AP), which extends 
approximately 1300 km into the Southern Ocean, 
effectively separates the systems of shelf currents 
along its eastern and western coasts. In particu-
lar, the ASC disappears on both sides of the AP 
(Heywood et al., 2004; Thompson et al., 2018). 
The barrier effect and differences in topography 
lead to significant changes in the coastal circula-
tion off the Western and Eastern Antarctic Pe nin-
sula (WAP and EAP, respectively). While the AP 
shields the currents on the Weddell Sea shelf from 
the effect of ACC, the currents on the Bellingshaus-
en Sea shelf interact with the southern boundary 
of the ACC (Moffat & Meredith, 2018). The 
southern Weddell Sea shelf can be divided into a 
relatively narrow EAP shelf and a wide shelf with 
Filchner-Ronne Ice Shelf (FRIS). The WAP 
can be divided into the Bransfield Strait and the 
central WAP (Moffat & Meredith, 2018; Schu-
bert et al., 2021).

The Bransfield Strait between the South Shet-
land Islands and the AP is a deep basin with a 
complicated cyclonic circulation pattern. The ACoC 
enters the Bransfield Strait around the AP tip, 
transporting about 1 Sv1 (Heywood et al., 2004). 
Then it propagates along the Peninsula into the 
Bellingshausen Sea. Van Caspel et al. (2018) stu d-
ied sources of water in the Bransfield Strait using 
the Finite Element Sea-ice Ocean Model (FESOM). 
Adding a passive tracer to the Glacial Melt Water 
(GMW), they found that GMW from FRIS has 
a larger influence on the Bransfield Strait bottom 
waters than the GMW from Larsen Ice Shelf. 
However, no evidence exists that this water rea ch-
es central WAP because the eastward current 
through the Gerlache Strait blocks it (Zhou et al., 
2002). The Bransfield current flows oppositely 
along the South Shetland Islands (Sangrà et al., 
2011). Dawson et al. (2023) studied connectivity 
pathways from a circumpolar perspective using 
the ocean’s general circulation model and Parcels, 
an offline Lagrangian particle trajectories model 
(Delandmeter & van Sebille, 2019). Specifying the 

1 Sv (Sverdrup)=106 m3s–1

source of particles on the Ronne shelf as a cross-
section along 48°W, they found that 61% of the 
released particles reach the tip of the Antarctic 
Peninsula, while only 5% reach the shelf in West 
Antarctica.

In this paper, we used circulation data for the 
Weddell and Bellingshausen Seas from the Whole 
Antarctica Ocean Model (WAOM) (Richter et al., 
2022) to obtain and analyse particle trajectories 
using Probably A Really Computationally Efficien t 
Lagrangian Simulator (Parcels) model (Deland-
meter & van Sebille,  2019). The analysis aims to 
assess the connectivity of currents around the AP 
and to identify the flow structures carrying parti-
cles from EAP to WAP shelves. Unlike Dawson 
et al. (2023), we consider a particle source spa-
tially distributed over the shelf adjacent to the EAP 
to determine the area that is the main source of 
particles transferred from the Weddell Sea to the 
Bellingshausen Sea. The results of these Lagran-
gian simulati on s can also be used to plan and in-
terpret measurements by floats and drifters.

2 Data and methods
2.1 WAOM

The WAOM circulation model was designed to  
describe ocean dynamics in the circum-Antarcti-
ca region (Richter et al., 2022). It is based on the 
Regional Ocean Modelling System (ROMS 3.6), 
a free-surface, terrain-following, primitive-equa-
tions ocean model that uses a curvilinear hori-
zontal coordinate grid in south polar projection. 
The K-Profile-Parameterization (KPP) scheme 
(Large et al., 1994) parametrized vertical mixing, 
whereas harmonic viscosity and diffusivity were 
used to parametrize horizontal mixing. The ther-
modynamic interaction of the ice shelf and the 
ocean is described by the 3-equation model (Hol-
land & Jenkins, 1999). Heat fluxes between air 
and sea based on satellite data (Tamura et al., 2011) 
were used instead of a dynamical-thermodynam-
ical model for the sea ice. The boundary condi-
tions at the lateral open boundaries are based on 
the reanalysis data from the ECCO2 modelling 
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system (Menemenlis et al., 2008). The WAOM 
description and setup can be found in (Richter et 
al., 2022; Boeira Dias et al., 2023).

2.2 The Parcels model

The aim of a Parcels model (Delandmeter & van 
Sebille, 2019) is to compute Lagrangian particle 
trajectories using offline data produced by ocean 
general circulation models (OGCMs) containing 
fields of currents, temperature, salinity, and oth-
er parameters usually stored in different formats 
depending on the type of the OGCM. The move-
ment of particles in the Parcels is simulated us-
ing interpolation schemes and special functions 
(kernels) responsible for particle dynamics.

The interpolation schemes are used to find 
OGCM water velocities, temperature, and salin-
ity at a particle’s location. They are described in 
(Delandmeter & van Sebille, 2019) for different 
types of OGCM grids. Kernels are used to calcu-
late how particle position changes over time. There 
are several basic kernels for particle transport si m-
ulation due to advection and diffusion processes. 
One of the known problems of Lagrangian particle 
tracking is the loss of particles due to different 
reasons. Maderich et al. (2022) and Dawson et al. 
(2023) recently developed two kernels that recov-
er particles. The first kernel recovers a particle in the 
last valid position with a small random variation 
in longitude, latitude, and depth. The kernel is ap-
plied until the particle continues its movement in 
the field of currents. In the second kernel, the par-
ticle is moved back from the coastline in a nor-
mal direction for a one-time step. The advantage 
of such recovering algorithms is that they ensure 
the conservation of the number of particles. We 
used the first kernel in the simulation.

A new kernel updated the particle tracking mo d-
 el to represent the convection, which was not ex-
plicitly described in the surface mixed layer. We 
followed the approach developed by van Sebille et 
al. (2013). In this approach, we defined the mixed 
layer depth as the layer where the potential den-
sity difference between the surface and a given depth 

is less than 0.05 kg · m–3. The pro file of potential 
density for each time slice was calculated from the 
potential temperature and salinity. The convective 
mixing algorithm was applied when the particle 
appeared within the surface mixed layer. In that 
case, the particle jumped vertically over a dis-
tan ce calculated using the standard Python func-
tion Random. Uniform (–1.0, 1.0) with a maxi-
mum vertical velocity of 0.1 m · s–1, which is the 
simple parameterisation of the random Brownian 
motion. There was no convective mixing below 
the mixed layer and under the ice shelf.

2.3 Modelling setup

A WAOM simulation’s output (Boeira Dias et al., 
2023) includes three components of velocity (U, 

Figure 1. Map and the bathymetry of the Weddell and Bel-
lingshausen Antarctic Peninsula sectors, showing ice shel ves 
(white line). The scale shows the depth. Dots show the loca-
tions of particle release in the areas adjacent to the Ronne-
Filchner (red) and Larsen (green) Ice Shelves. The dashed 
line shows the computational domain of the WAOM. Solid 
orange lines show cross sections at 58, 70 and 80W. The 
yellow quadrangle distinguishes particles carried by the 
Bransfield Current. SSI is the South Shetland Islands, MT 
is the Marguerite Trough, BT is the Belgica Trough
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V, W), potential temperature (T), salinity (S), depth 
(H), sea level elevation (), ice shelf draft (zice), 
horizontal coordinates for nodes of the compu-
tational grid (, ), and vertical sigma-coordi-
nates. The horizontal resolution of the grid was 
about 10 km. The vertical resolution was 32 levels. 
Timestep was 9 00 s (Richter et al., 2022; Boeira 
Dias et al., 2023). WAOM outputs were obtained 
after 20 years of spin-up simulations forced by 
repeated boundary conditions for the year 2007. 
This year was chosen because during it wind stress 
an  d buoyancy fluxes were the most non-anomalous 
compared to other available forcing years be-
t ween 1992 and 2011 (Richter et al., 2022). Last-
year data with the temporal resolution of 5 days 
were used as the output data set. For Lagrangian 
simulations, they were cycled (i.e., the yearly data 
were repeated).

Virtual particles were seeded every 8 hours dur-
ing a year at 10 m below the surface with the spa-
tial step of 1 of the longitude-latitude grid in two 
shelf and slope sectors where the ocean is shal-
lower than 1500 m (Fig. 1). The first (red) sector 
covers a shelf area between 71S and 77S adja-
cent to the Filchner-Ronne ice shelf. The second 
(green) sector covers a shelf area between 70S 

and 65S adjacent to the Larsen ice shelf. This 
division allows us to estimate the contribution of 
the southern and northern sectors of the Weddell 
Sea shelf to the connectivity of circulation in 
the Weddell and Bellingshausen Seas. In total, 
170 190 (137 250 red and 32 940 green) particles 
were released. The pathways of water masses were 
cha r acterised by visitation frequency (Maderich et 
al., 2022). The ‘visitation frequency’ (Csanady, 1983) 
is the percentage  of particles P that visit each 
10  10 km grid cell at least once in a modelling 
period (20 years). When all particles visited the 
given area bin, P = 100; for no visits, P = 0.

The Parcels configuration used here includes ran-
dom-walk kernels to describe winter convection 
and flow around the bottom relief, the lower sur-
face of ice shelves, and the coast. Therefore, back-
tracking is not applicable here, unlike (Nissen et 
al., 2024), where convection processes were not 
taken into account. Instead, we identified and 
analysed only those trajectories that pass through 
the selected section. We identified the upstream 
paths and pinpointed the source regions by con-
structing the corresponding spatial distributions 
of visitation frequencies for trajectories that passed 
through this section. In general, the temperature 

Figure 2. Depth-averaged velocities in the Weddell and Bellingshausen Antarctic Peninsula sectors in (a) summer 
(January, February, March) and (b) winter (July, August, September)
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and salinity can also be written along the virtual 
particle trajectory (see, e.g., Maderich et al., 2022). 
Here our task is to analyse the pathways of water 
masses; therefore, the transformation of particle 
properties is not considered.

3 Results
Figure 2 shows fields of depth-averaged veloci-
ties in the Weddell and Bellingshausen Antarctic 

Peninsula sectors in summer (January, February, 
March) (a) and winter (July, August, September) 
(b). As can be seen from the figure, the circula-
tion in both seasons is qualitatively similar, al-
though in winter, the currents are more intense. 
The dominant feature of circulation in the Wed-
dell Sea is the ASC. It flows to the north, split-
ting into two branches at approximately 55W. 
One branch turns to the Bransfield Strait flowing 

Figure 3. Visitation frequency P [%] calculated for (a) all released particles on the Weddell Sea shelf; (b) for particles 
that crossed 58W; (c) for particles that crossed 70W; (d) for particles that crossed 58W and the quadrangle in Fi-
gure 1 after that
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along the AP, another turns to the east. The ACoC 
also turns to the Bransfield Strait. The Bransfield 
current directed to the northeast was reproduced 
in both seasons. The ASC again appeared along 
the WAP shelf break but higher up to the north 
than according to the analysis of shelf hydrogra-
phy (Thompson et al., 2020).

The visitation frequency P [%] calculated for 
all released particles on the Weddell Sea shelf is 
shown in Figure 3a. This figure demonstrates how 
particles released on the shelf propagate by cur-
rents toward the tip of AP. The distribution of vi s-
itation frequencies on the Weddell Sea shelf shows 
the presence of maxima corresponding to intense 
cross-shelf current flowing from beneath the Ron ne 
Ice Shelf (RIS) and transporting ice shelf water 
(Maderich et al., 2022). In addition, in the west-
ern part of the RIS, water enters under the ice 
shelf and spreads beneath it and the Filchner Ice 
Shelf (FIS). A significant portion of the particles 
is transported by ASC along the shelf break to 
the north, after which the flux is split to the east 
and west. The eastward part of the flow corre-
sponds to a deepening water mass – a precursor 
of Antarctic Abyssal Bottom Water. The splitting 
location agrees with the results of drifter experi-
ments (Thompson et al., 2009). 

As shown in the Table, the proportion of par-
ticles crossing 58W is 21% of the total number of 
particles. Considering 9% of particles remained 
in the Weddell Sea, the proportion of particles 
turning northeast is 70%. These estimates differ 
from those obtained by Dawson et al. (2023), 
who found that 61% of the particles reach the tip 
of the Antarctic Peninsula. Such differences are 
explained by the fact that our particle source was 
distributed over the entire shelf of the southern 

Weddell Sea, whereas Dawson et al. (2023) dis-
tributed particles only over a single cross-section. 
Notably, the main source of particles transferred 
to the Bellingshausen Sea (51%) is the smaller 
green sector adjacent to the AP tip (Fig. 1). In 
contrast, 75% of particles released in the larger red 
sector were transported to the northeast, whereas 
11% remained in the Weddell Sea. The particles 
remaining on the shelf are drawn into the circu-
lation under the FRIS, accompanied by an out-
flow of water through the Hughes Trough to the 
Belgrano Bank, where a topographic eddy is formed 
(see Fig. 2). At the same time, almost all the par-
ticles seeded in the sector adjacent to the Larsen 
Ice Shelf left the source area. In addition, the 
seasonal distribution of the mixed layer thickness 
showed that winter convection covers the shelf 
and continental slope in the FRIS sector. In the 
shelf sector adjacent to the Larsen C Ice Shelf, 
the thickness of the mixed layer does not exceed 
several tens of meters due to the presence of fre sh-
ened waters coming from the melting of the ice 
shelf (van Caspel et al., 2018). The eastward part 
of the flow corresponds to a deepening water 
mass – a precursor of Antarctic Abyssal Bottom 
Water. About 29% of all released particles dived 
below 1000 in the eastward flow, including 3 and 
26% of green and red particles, respectively. At 
the same time, only 2% of released particles de-
scended below 1000 m at 58W equally from red 
and green release sectors. This means that path-
ways of particles strongly depend on the location 
from which these particles were released.

Figure 3b shows the distribution of visitation 
frequency for particles crossing 58W. These par-
ticles move west along the WAP in the ACoC and 
then turn around to flow through the Bransfield 

Table. Percentage of particle crossing cross-sections at the shelf of the Bellingshausen Sea

Source
sector

Remained
in the Weddell Sea 58W 70W 80W 105W

Green 0.04 51 20 8.4 0.3

Red 11 14 5.4 2.2 0.04

Both   9 21 8.4 3.4 0.1
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Strait along the east coast of the South Shetland 
Islands. About 74% of particles flow in the upper 
400 m layer. In this case, the contribution of green 
and red particles is approximately equal. Such a 
distribution indicates that the transport of ACoC is 
controlled by a relatively shallow coastal shelf at the 
AP tip. This issue requires further study, both with 
the help of floats and modelling with a higher spa-
tial resolution. Only 8.4% of particles crossed 70W. 
Figure 3c shows the distribution of visitation fre-
quency for these particles, showing that most of 
them return to Drake Passage. These particles pen-
etrate deep into the straits and bays of the WAP 
through the Marguerite and Belgica troughs, similar 
to drifters in experiments by Schubert et al. (2021). 
The farther to the west, the more particles are cap-
tured by the strong ACC. Thus, only 3.4% of the 
particles were transported west of 80W, while only 
0.1% reached the Amundsen Sea (105W). This in-
dicates a lack of connectivity between the circula-
tion from the Weddell to the Amundsen Seas.

Figure 3d highlights the visitations of particles 
that first crossed 58W moving to the west and 
later visited the sector between 52–53.5W and 
61.4–62.4S, bounded by the quadrangle in Fig-
ure 1, at the north exit from the Bransfield Strait 
moving to the east. This made it possible to 
identify the path of the Bransfield Current along 
the western side of the South Shetland Islands. 
The U-turn of particles initially following the main-
land coast of the WAP was also observed in the 
drifter experiments of Thompson et al. (2020). 
The drifters deployed east of the AP tip initially 
mo ved along the WAP, then turned north and 
east, forming the Bransfield Current at approxi-
mately 61W by merging with the eastward current 
through the Gerlache Strait (Zhou et al., 2002).

4 Conclusions

The connectivity of currents around the AP and the 
structure of flows carrying particles from EAP to 
WAP shelves were studied using the WAOM and 
Parcels model output. In addition to the main 
Parcels kernels and a previously developed ker-

nel that ensures the conservation of the number 
of particles in the flows around irregularities in 
the bottom relief and the lower edge of ice 
shelves, a new kernel was developed to represent 
convection in the upper mixed layer. The WAOM 
sim ulation used in this study was repeatedly 
forced by 2007 boundary conditions. This means 
that the model forcing does not consider inter-
annual variability. Note that the parameterisa-
tion used for convective mixing implicitly con-
siders the water column’s stability. The virtual 
particles were released throughout the year with 
the spatial step of 1 in two shelf and slope sec-
tors in the southern Weddell Sea. The propor-
tion of particles crossing 58W (the tip of the 
Antarctic Peninsula) is 21% of the total number 
of particles, while 70% turn northeast, and the 
proportion of remaining at shelf particles is 9%. 
The main source of particles transferred to the 
Bellingshausen Sea (51%) is the smaller sector 
adjacent to the Larsen ice shelf. In contrast, par-
ticles released in the larger sector adjacent to 
FRIS were mostly transported to the northeast 
(75%). Only 3.4% of the particles were trans-
ported west of 80W, while the Amundsen Sea 
(105W) was reached only by 0.1% of particles 
due to the continuous capturing of particles by 
strong ACC. This indicates a virtual lack of con-
nectivity between the ocean circulation from the 
Weddell to the Amundsen Seas.

Code availability. The source code of the open-
source Parcels model can be downloaded from 
github.com/OceanParcels/parcels. Installation in-
structions and detailed tutorials for working with 
the model are available on the website http://
www.oceanparcels.org. The kernels developed by 
authors can be provided upon request.
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Ëàãðàíæåâ³ øëÿõè, ùî ç’ºäíóþòü ìîðÿ Âåääåëëà ³ Áåëë³íñãàóçåíà

Ðåôåðàò. Öå äîñë³äæåííÿ îö³íþº âçàºìîçâ’ÿçîê òå÷³é íàâêîëî Àíòàðêòè÷íîãî ï³âîñòðîâà òà âèçíà÷àº ñòðóêòó-
ðó ïîòîê³â, ùî ïåðåíîñÿòü â³ðòóàëüí³ ÷àñòèíêè ç³ ñõ³äíîãî íà çàõ³äíèé êîíòèíåíòàëüíèé øåëüô Àíòàðêòè÷íî-
ãî ï³âîñòðîâà. Ìè âèêîðèñòîâóºìî äàí³ ïðî öèðêóëÿö³þ ìîð³â Âåääåëëà òà Áåëë³íñãàóçåíà ç «Whole Antarctica 
Ocean Model», ùîá îòðèìàòè é ïðîàíàë³çóâàòè òðàºêòîð³¿ ÷àñòèíîê çà äîïîìîãîþ ìîäåë³ «Probably A Really 
Computationally Efficient Lagrangian Simulator» (Parcels). Ïðîãðàìíå çàáåçïå÷åííÿ âêëþ÷àëî îñíîâí³ ÿäðà 
Parcels ³ ðàí³øå ðîçðîáëåíå ÿäðî, ÿêå çàáåçïå÷óº çáåðåæåííÿ ê³ëüêîñò³ ÷àñòèíîê ï³ä ÷àñ îáò³êàííÿ íåð³âíî-
ñòåé ðåëüºôó äíà ³ íèæíüîãî êðàþ øåëüôîâîãî ëüîäîâèêà. Òàêîæ ìè ðîçðîáèëè ÿäðî äëÿ ³ì³òàö³¿ êîíâåêö³¿ 
ó âåðõíüîìó ïåðåì³øàíîìó øàð³ îêåàíó. Áëèçüêî 170 000 â³ðòóàëüíèõ ÷àñòèíîê áóëî âèïóùåíî íà ãëèáèí³ 
10 ì ïðîòÿãîì ðîêó ç ïðîñòîðîâèì êðîêîì 1 ó äâîõ ñåêòîðàõ øåëüôó òà êîíòèíåíòàëüíîãî ñõèëó â ï³âäåíí³é 
÷àñòèí³ ìîðÿ Âåääåëëà, äå ãëèáèíà ìåíøå 1500 ì. Ïåðøèé ñåêòîð îõîïëþº øåëüôîâèé ðàéîí ì³æ 71 ïä.ø. 
³ 77 ïä.ø., ùî ïðèëÿãàº äî øåëüôîâîãî ëüîäîâèêà Ô³ëüõíåðà-Ðîííå. Äðóãèé ñåêòîð îõîïëþº øåëüôîâèé 
ðàéîí ì³æ 70 ïä.ø. ³ 65 ïä.ø., ùî ïðèëÿãàº äî øåëüôîâîãî ëüîäîâèêà Ëàðñåíà. Øëÿõè ðóõó âîäíèõ ìàñ 
õàðàêòåðèçóâàëèñü â³äñîòêîì ÷àñòèíîê, ÿê³ â³äâ³äóþòü êîæíó êë³òèíêó ñ³òêè 10  10 êì ïðèíàéìí³ îäèí ðàç 
çà ïåð³îä ìîäåëþâàííÿ 20 ðîê³â. 21% ÷àñòèíîê ïåðåòèíàº 58 çõ.ä. (âåðõ³âêà Àíòàðêòè÷íîãî ï³âîñòðîâà), òîä³ 
ÿê 70% ÷àñòèíîê ïîâåðòàþòü íà ï³âí³÷íèé ñõ³ä. Ìåíøèé ñåêòîð, ïðèëåãëèé äî øåëüôîâîãî ëüîäîâèêà Ëàð-
ñåíà, º îñíîâíèì äæåðåëîì ÷àñòèíîê, ùî ïåðåíîñÿòüñÿ â ìîðå Áåëë³íñãàóçåíà (51%). Íà â³äì³íó â³ä öüîãî, 
÷àñòèíêè, âèïóùåí³ ó á³ëüøîìó ñåêòîð³, áóëè çäåá³ëüøîãî òðàíñïîðòîâàí³ íà ï³âí³÷íèé ñõ³ä (75%). Ëèøå 
3.4% âèâ³ëüíåíèõ ÷àñòèíîê áóëî ïåðåíåñåíî íà çàõ³ä â³ä 80 ç.ä., òîä³ ÿê ìîðÿ Àìóíäñåíà (105 ç.ä.) äîñÿãëè 
ëèøå 0.1% âèâ³ëüíåíèõ ÷àñòèíîê. Öå ñâ³ä÷èòü ïðî ôàêòè÷íó â³äñóòí³ñòü çâ’ÿçêó ì³æ öèðêóëÿö³ºþ â ìîðÿõ 
Âåääåëëà òà Àìóíäñåíà.

Êëþ÷îâ³ ñëîâà: Àíòàðêòè÷íèé ï³âîñòð³â, ìîäåëü Parcels, ìîäåëü WAOM, ïîâ'ÿçàí³ñòü öèðêóëÿö³¿
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