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Abstract. Hydrographic and velocity observations from the Multidisciplinary Drifting Observatory for the Study of Arctic
Climate (MOSAIC) expedition (2019-2020) reveal the presence of nine intrahalocline eddies (IHEs) in the Amundsen Basin
during the winter drift of the Distributed Network (DN). Despite their relevance for Arctic stratification and mixing, IHEs in
the Amundsen Basin remain poorly documented. Our study addresses this gap by providing the first detailed characterisation
based on coordinated in situ hydrographic and velocity observations during wintertime. Eddies were identified as isopycnal dis-
placements in Ice-Tethered Profiler (ITP) data. Additionally, by assessing rotational velocity signatures from Acoustic Doppler
Current Profiler (ADCP) measurements, we applied a centre-detection method based on maximum swirl velocity (MSV). Nine
anticyclonic eddies were observed, with radii ranging from 3.7 to 8.4 km and vertical extents between 23 and 80 m. Most
eddies exhibited solid-body rotation in their cores, with maximum azimuthal velocities of up to 0.28 ms~! and localised shal-
lowing of the mixed layer by over 10 m. Water mass analysis showed that the eddy cores contained Eurasian halocline waters
with consistent anomalies in temperature, salinity, and density relative to surrounding profiles, allowing us to infer pre-existing
stratification conditions and offering clues to their origin. The observed eddy scales lie close to or slightly below the first
baroclinic Rossby deformation radius £++~-of approximately 6.9 km, placing them in the (sub)mesoscale dynamical regime 5
eonsistent with-quasi-geostrophie behaviourand suggesting a transitional balance where both geostrophic and cyclogeostrophic
effects may be relevant. The MSV method yields systematically larger eddy radius estimates up to 25% greater than traditional
detection techniques that rely on velocity profiles or isopycnal displacements alone. This correction to the radius is essential, as
it provides a more realistic measure of eddy size and dynamics under ice-covered conditions and could improve comparability
across under-ice eddy studies. Although specific generation mechanisms remain uncertain, thermohaline signatures suggest
that shallow local convection and baroclinic instability play a role in their formation. Our results provide new insights into the
dynamics of under-ice eddies and their potential impact on Arctic oceanography and climate processes, addressing essential

gaps in understanding polar mesoscale dynamics.
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1 Introduction

The global ocean surface is densely populated by mesoscale eddies;—which-, These can be tracked through satellite-derived
sea surface height anomalies (Chelton et al., 2011). However, much less is known about the subsurface eddies below the
mixed layer in sea ice-covered regions, in—particutar—n—particularly in the Arctic Ocean. Intrahalocline eddies (IHEs)—
analogous—in—somerespeets—similar to intrathermocline eddies FEs; Pugan-etals+982)(Dugan et al., 1982)—are coherent
features;ranging-, They range from submesoscale to mesoscale s-that-are-embedded-and sit within the halocline, generally just
below the mixed layer (e g., Kuzmina et al., 2008) Unlike their open-ocean counterparts THEs-are-uniquelyshaped-by-Aretic
i Arctic THEs evolve within a strongly
stratified, ice-covered environment. Their significance lies in their ability to modify upper-ocean stratification, modulate

mixed-layer properties, and alter cross-basin transport pathways, thereby influencing the broader Arctic Ocean circulation.
These subsurface features i i i

have also been linked to the lateral redistribution of heat, salt,

freshwater, nutrients, and biogeochemical tracers, and may further modulate vertical exchange and sea-ice—ocean feedbacks

e.g., Timmermans et al., 2008; Lenn et al., 2022; Von Appen et al., 2022).
The Arctic Ocean exhibits—displays some of the smallest dynamic scales globally, with the first baroclinic Rossby ra-

dius of deformation typically areund-about 10

km (Nurser and Bacon, 2014). Finer-scale analyses, however, suggest the limit may be even smaller, making-it-particularly

challenging-te-sample-which makes sampling mesoscale structures beneath the sea ice —Thisfine-especially challenging. This
small scale complicates the detection of IHEs, whi ibit-i 3

their diameters may approach or fall below this length. To reflect this, we refer to these features as (sub)mesoscale eddies,
to-acknowledge-acknowledging that their scales may span both the-mesoscale and submesoscale regimes—especially in the

Arctic, where overlapping dynamical processes make precise scale separation difficult to define (Della Penna and Gaube,
2019).

In this study, we focus on the Amundsen Basin, a key yet sparsely sampled region of the central Arctic Ocean where IHEs
remain poorly documented. The Amundsen Basin is the deepest part of the Arctic Ocean, reachlng depths of 4500 m, bounded
(Figure

1a). Its upper water column is strongly stratified, with a mixed layer thatextends-to-a-depth-of-extending to 50 sr-m depth in
winter, temperatures close to the freezing point (= -1.8 °C) and salinity <33-Underlain-below 33, underlain by a sharp halocline

AXARAARRARARRIAIRARA

by the Lomonosov and Gakkel ridges -

that separates the mixed-tayer-mixed layer from the warmer and saltier Atlantic water located at ~200 m depth (Rudels et al.,
1996; Polyakov et al., 2020). The Transpolar Drift, the primary surface current in the central Arctic Ocean, influences the
Amundsen Basin by transporting sea ice and freshwater from the Siberian shelves to the Fram Strait, shaping the large-scale
structure of the halocline (Morison et al., 2012; Rabe et al., 2014).

In general, eddies are characterised by a maximum vertical displacement of isopycnals thatis-maximal-at their centre, con-

sistent with geostrophic balance, where-horizontal-veloeities—are-minimal-and horizontal velocities reach a minimum at the
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velocity eld_of theseeddiesexhibits a subsurface maximum of azimuthal velogityesentingarrandapproximateazimuthal

75 data{2004|TP) data,but mostwerefound on the Canadiarside, rarely in the AmundsenBasin,con rming_that the region
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lations (e.g. FESOM2, Danilov et al., 2017), suggest that the Eurasian Basin is densely populated by mesoscale eddies, witt

eddy activity closely linked to baroclinic instability of the Atlantic Water boundary current and sea ice dynamics. Complement-

ing these model-based insights, Kuznetsov et al. (2024) reconstructed the ocean state from MOSAIC observations, providing
90 a detailed view of subsurface dynamics and identifying numerous cyclonic and anticyclonic eddies beneath the ice, most of

which appear to be in a quasi-steady statg@tremedetstudiesvoutdstronglybene tHrom-aneddyinventeryTogetherthis
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evidencehighlightsstrongmotivationfor obhservationatharacterisationf IHEs in the Eurasiarbasinsastmodelsneedie-be

This paper aims to provide a detailed characterisation of wintertime intrahalocline (sub)mesoscale eddies in the Amund-
sen Basin, using MOSAIC hydrographic and velocity data to investigate their dynamics, thermohaline properties, formation
processes, and variability among individual eddies.

2 Methods
2.1 Data

The data used in this study were collected during the MOSAIC expedition (Nicolaus et al., 2022; Rabe et al., 2022). In

and vertical pro les. Although xed-depth sensors provide high temporal resolution data (on the order of minutes) and cap-
ture eddy signatures (Hoppmann et al., 2022), they are unsuitable for detailed characterisation of individual eddies. This is

because xed-depth data do not capture the full vertical structure of IHEs, which require vertical pro ling to resolve their

yse the structure and dynamics of wintertime IHEs. We focus on the three instrument deployment locations, termed L-sites,
which were positioned at a distance of approximately 12kdaround the CO (Figure 1b). At the L-sites, Ice-Tethered
Pro lers (ITPs) (Krish eld et al., 2008; Toole et al., 2011) provided Conductivity, Temperature and Depth (CTD) measure-

visualinspectiorof all availablepro les, asit reliably capturedhetransitionfrom the mixedlayerto the onsetof the halocline

4



Figure 1. (a) Drift trackof theCentralObservatorfCO) onthe MOSAIC expeditionfrom October192019to March152020.Thebluescale

relativeto.the CO-PSon 19 October2019(markers) andtheir subsequentelativedisplacementfrom 19 Qctober2019to, 15 March 2020

(colour-codechositions).The colour scalematcheghatof panel(a), indicatingthe datealongthe drift trajectory.(c) Drift_speedof the CO

is.indicatedatthetop of the panel.

125
dlayerto-100(rec _ dashedy anderangd OV angrift-andmeaned : vely.
ThethreetTPsdeployeeatthe Thethreel -sitesofthe BN-conductedlifferentacguisitiontimesandwereinstrumentedvith
130 ITPsandAOFB-mountedADCPs,eachoperatingwith different pro ling timesaneverticalextensiondntervalsandyertical



SiteLocation  BueyPlatform  iastrumentSensor Fime-Deployment Time between Depth

site .(Buoy system) type period Proing-fregqueneypro les [h] Bepthrange [m] Y

L1 ITP 111 CTD 07-10-2019 - 11-06-2020 6-186-18 16-20010-200

L1 AOFB ADCP 07-10-2019 — 27-02-2020 3 12-7612-80

L2 ITP 94 CTD 08-10-2019 - 29-07-2020 6-24-6-366-24-6-36 10-26010-200
CO-PS AOFB ADCP 14-10-2019 — 19-03-2020 2 12-7612-80

L3 ITP 102 CTD 11-10-2019 — 31-01-2020 3 10-26010-200

L3 AOFB ADCP 10-10-2019 — 22-01-2020 2 16-26010-80
CO-PS Polarstern CTD 14-11-2019 — 02-20-2020 - 1-46661-4000(Bottom)
CO-PS Polarstern ADCP 28-10-2019 — 04-06-2020 1/60 25-20025-200

AOFB = Autonomous Ocean Flux Buoy, CO-PS = Central Observaotgrstern ITP = Ice-Tethered Pro ler

135

140

145 2.2 Eddy detection

In this study, the DN moved with thesa-ieeseaice at a mean drift speed of 0.1 s L, while the underlying ocean current

below the mixed layer had an average speed of Mm@ ! (Figure 1c). Becaustieice drift is an order of magnitude faster
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edd|es propagate at speeds roughly an order of magmtude slower than the sea ice drift (von Appen et al., 2018).
To identify eddies, we follow the methodology suggested by Timmermans et al. (2008) and Zhao et al. {2814).




Figure 2. Cumulative distance—speed sections for (a) eddy E8 (January 15 2020) and (b) eddy E9 (February 12 2020). Black contours indicate
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where(Xxq;Yy1) is the position of the rst measurement afxh;y,) of the second measurement, also termed the swirl
velocity, provides a sense of the rotation of the uid (i.e., the tangential velocity component within a swirling ow).

In the theoretical Rankine vortex (Acheson, 1990), the azimuthal velocity increases linearly with the distance to the centre,
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velocity (centre of the eddy) and the maximum azimuthal velodity.{) (Figure 3, red line). A method for computing the

8
%rvmax : forr Rpmax
Rmax
v (r)= 3 © R (4)
2 Vimax €Xp —— % - forr>R max

where is a damping coef cient that indicates decay. Equation 4 assumes an inner part of the eddy that rotates like a solid
body f Rmax) and an outer part & R max ) Where the velocity decays rapidly at the e folding scalevhich is typically
about% Rmax - Here, we are focusing on the inner part (i.e., the core of the eddy). Furthermore, the dynamics outside the limit
of Rmax are out of the scope of this study.

The azimuthal velocity\ ) calculated using Equation 2 was compared to the theoretical Rankine vortex (Equation 4) to
assess whether the eddy cores exhibit solid-body rotation. In both E8 (January 15) and E9 (February 12) (Figure 3), the
observed azimuthal velocity pro les measured by the ADCP closely follow the theoretical shape. The inner region displays

solid-body rotation, while the outer region shows a rapid velocity decay, consistent with the Rankine vortex stfacture.

2.3 Determining the centre of the eddy and its radius

Several methods have been used to determine the centre of eddies in the open ocean. However, most need a surface express

centre of the eddy and obtain an accurate approximation of its radius, we applied the Maximum Swirl Velocity (MSV) method
as described by Casteldo et al. (2013). This method assumes that an eddy is axisymmetric, with all the momentum associate
with the azimuthal component of the velocity. Hence, its centre is de ned as the reference point in a cylindrical coordinate
system that maximises the measured azimuthal velecigmong the available data points, while the radial component of the

: . - P———
velocity v, is vanishingy = = v2+vZ=v .

inside the eddy was measured, dividing it into a D@@esolution grid. We then used every point of the grid as a theoretical

centre, decomposing all of the ADCP velocities, as in Equalib®3, into tangential and radial components relative to each
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Figure 3. Azimuthal velocity ¢ , ms 1) for (a) eddy E8 (January 15 2020) and (b) eddy E9 (February 12 2020). Black dots show the
measured+—V values at the depth level of maximum azimuthal velocity from ADCP data, computed using Equation 2. The solid red

line represents the inner part of the Rankine vortex model (Equation Rmax ), While yellow dots represent the outer part (Equation 4,

candidate centre. Ag has opposite signs for cyclones and anticyclones, it is easier to determine the centre of the eddy by

nding the location wherey, is minimal, thereby minimising the cost functidn(Casteléo et al., 2013):

1 Xy, 2

J=
N . Va

(5)
=1

we recalculated the radit&ywax—Rm as the distance between the theoretical centrevagd (as shown in Figure 4).

We apply this eddy detection method to eddies E8 and E9 (Figure 4). The centre of the eddy E8, calculated by minimising
the cost functiord, lies approximately %&m from the point of minimum velocity in the transect, and its radius is estimated at
8.4km. In contrast, the radius obtained by measuring the distance between the locations of minimum and maximum velocity
along the same transect is considerably smaller, abolkm.6-or eddy E9, the L2 transect crossed nearly through its centre,
and the difference between the two radius estimates is minimaki{s.96.1 km).

2.4 Calculation of Rossby radius

The Rossby radius of deformation is a fundamental scale in geophysical uid dynamics that characterises the horizontal extent
over which baroclinic processes, such as eddies, are in uenced by the Earth's rotation. It represents the length scale at which
the restoring force due to strati cation (buoyancy) is balanced by the Coriolis force (rotation), and is thus a critical parameter

in controlling the dynamics of mesoscale structures (Nurser and Bacon, 2014). To constrain the local scale of these mesoscals

10



Figure 4. Velocity vectors of the eddies in (a) eddy E8 (January 15 2020) and (b) eddy E9 (February 12 2020) at the depth of maximum
velocity. The grey area shows the grid used for the detection of the eddy centre, the red dot shows the estimated eddy centre using the
methodology of Nencioli et al. (2008), the orange dot is the maximum azimuthal veldity | location and the orange line show the
distance between the location of the absolute smallest azimuthal velocity (centre of the eddy)anthe blue circle marks the inner part

processes, we calculated the &t )}-mode of the baroclinic Rossby radius of deformation using the approximation of Wang
et al. (2013) (Equation 6):

@ @R _ 1 1
@z N2 @z L3 L&

Fm; (6)

250 whereN , the Brunt-Vaisala frequency, is derived from the CTD vertical ¢aistthe Coriolis parametef-(=+:45s—4f =1:45 10 “s

we apply a at-bottom boundary conditioﬁgfz— =0atz=0; H),appropriate for our study region within the deep Amundsen

BaSin. his-areaisd antfrom-majorbathymetricfeature HCcha agesSo camountsandeanbeapproximatedisiaterally

255 andGakkelRidges,our studyarealiesin the centralinterior of the basin,wherethe upper-oceastrati cation andwater-mass

In Figure 5, we show the spatial distributionief-L .1 in our study area. Stations located close to each other sometimes

show different-1-L g, 1 values, likely due to local variations in the vertical strati cation of the water column. These differences
re ect the sensitivity of the method to small-scale changes in water column stability, which are captured in the CTD pro les.
260 The mean value of+-L g in the study area is 6.98m, which justi es our use of the term (sub)mesoscale throughout the

paper, as several eddy structures observed fall near or below this threshold.

11
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Figure 5. The rstbaroclinic Rossby radius of deformation mode-( ; 1) calculated from CTD vertical casts obtained abdavePotarstern

3 Results
3.1 Examples of two characteristic eddies

We observednine eddies, which, for the purpose of explanation, we label E1 to E9. We start this section by analysing in detail

body rotation region (corepdt0-ABDCPpro-lesintheinnercore. The MSV method (see section 2.3) revealed a radius of 8.4
km. The E9 eddy (Figure-g8, lower panels), captured by the L2 buoy with only 2 ITP pro les and 9 ADCP pro les, had a

the eddy was crossed almost through its centre (Figure 4).
To characterise the eddies, we used pro les of conservative temperafyrsolute salinity$a . ), density (), buoyancy

12
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dashed vertical red line marks the central eddy‘\peeitatpro-les-ef-density(—)-{b) bueyaney

d Ad m halzelo -\ o heredlineshowsthecen nro-le ndthearevine

veleeityeveHgreen)andtheeddycoredepth{erange}f) Cross section of azimuthal velocity with velocity contours in grey every 0.05
ms 1. The green dotted line indicates the depth of maximum velocity. The dotted vertical light grey lines (in) @)d (f) marker the

(2008), who used the level of minimum. That criterion was not applicable to the eddies observed in this study, as no clear
minimum was present. The eddy thickness is thus given by the depth difference between its upper and lower boundaries. The
eddies observed are IHEs, located near the base of the mixed layer and interacting with the upper halocline. As they translate
they uplift the mixed layer, making it thinner. The eddy E8 yielded a decrease in the MLD framtd24 m from the eddy

edge to the eddy centre, which is similar to that resulting from the eddy E9, with a decreasenod&fth. At the upper
boundary, the isopycnal was displaced upwardsnlih both eddies; at the lower boundary, it was displaced downwards by
23min E8 and 19m in E9. In ES8, the eddy's upper boundary is located at depth with O (Figure67d), indicating good
agreement between the CTD and ADCP data. In E9, the eddy's upper boundary, as determined usimyates, does

13
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not align with the depth witlv 0, likely due to the coarser temporal resolution of the CTD data. The maximum azimuthal
velocity of the eddy was 0.2s * and 0.28ms ! in E8 and E9, respectively.

3.2 Properties of all eddies detected during the winter season

In the period from Octobe®-19 2019 to March 15 2020, we detected nine well-developed anticyclonic eddies in the central
part of the Amundsen Basin (Figuféa; Fabte??8a, Tables2-3). These eddies are consistent with our criteria, showing evident

isopycnal displacement and solid-body rotation. At the L3 site, we sampled ve eddies at high horizontal resolution, enabled
by the high-frequency sampling of both ITP and ADCP instruments at this location (F§udéamond markers), and their
presence is evident in both the isopycnal displacement and the large subsurface azimuthal velocity. The ITP at the L2 site

had a more complex pro ling schedule (Table 1), with a greater horizontal distance between consecutive pro les, making

14
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Figure 8. Properties of the nine eddies (E1-E9) detected during the winter 2019—-2020 MOSAIC drift and their spatial locations (a). Markers
indicate the L-site of detection (inverted triangles: L1, squares: L2, diamonds: L3). Time series panels show the eddy radius (b), Rossby

number (Ro) (c) and maximum azimuthal velociy (,, ) (d) on the left; and eddy thickness ) (e), eerecore-centreabsolute salinity

from the distance betwedn ., and the centre located in the buoy drift (Figure 3, translucent markers) with that calculated using the MSV
method (Figure 4). The rst mode of the Rossby raditsL r; 1. is shown in orange, with mean values indicated by dashed lines in the same
colour.

the identi cation of eddies by isopycnal displacement alone more challenging. However, when analysing the ADCP data, we
detected one eddy in December and one in February (Figiirequare markers). We do not have hydrographic data for the
inner part of the eddy in December (E7), and only two pro les are available for the eddy in February (E9). At the L1 site, we
detected two eddies, one in October (E3) and one in November (E4) (Figlurieverted triangle markers). There is a one-
month gap in eddy detections in the DN (December 17, 2019 — January 15, 2020). However, there were no obvious changes
in the drift speed of the DN during that period (Figure 1c, mean speeddfms !). Hence, the absence of eddies is likely
unrelated to the temporal and spatial resolution of the measurements.

We now describe the mean properties of the detected eddies (FHigume-Fable2?8 and Tables

s Tl ::::2_3)' The dynamical

nature of the eddies can be characterised through the interplay between four key parameters: the eddy radii estimated fron
the MSV RwRm .= 6.09 1.4 km), the rst mode of the baroclinic Rossby radius of deformatién{.r;1. = 6.9
1.3 km), the maximum azimuthal velocitWfax = 0.14 0.07ms 1), and the Rossby numbeR§ = 0.32  0.14). The

15
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values of conservative temperature-. ¢ [-7C], absolute sallnlt)&\C [gkg l] densny . [kgm 3]aﬂd their anomalwvaluesrRessby
AumbeRy, Maximumazimuthaleloeity Vmax—anddepthbv-numberof ITP andADCP pro les within the eddycore.

Eddy Site Date MLD h BDe  —©wc  Sa . Rm. Vimax..Sh . E
— —Sas c

E1 L3  211@1-10 2231 23 36 172 3384  27.28 7-14.1830.19-0.001 -0.154

E2 L3  29-129-10 1929 56 73 171 34.2627.27.80  5:46.08330.2-0.111 -0.169

E3 L1  314(81-10 28/32 46 54 178 3409  27.57 3.78.1450.38-0.003 -0.133

E4 L1  04-104-11  16/35 62 43 -1.81.80 3381  27.29  6.740.2370.42-0.071 -0.133

ES L3 47-4417-11 2329 70 69 181 3418  27.72 7-30.0950.16-0.156 -0.178

E6 L3 24-1124-11 2130 69 67 183 3419  27.72 5.230.190 0-0830.230.19-0.197
E7 L2 -1z - = = - - 459 61

E8 L3 15011501 2441 72 63 174 3362  27.23 8.40.21490.35-0.057 -0.296

E9 L2 120212-02  24/42 80 70 177 3363  27.27 -0.067 -0.257

. Itis interesting that the radii would be underestlmated by.7 km if we dld not perform the MSV correction (Flguﬂé}b),
which would indicate that the eddies appear closer to the submesoscale regime than they actually are. In the centre of the eddie:
the MLD becomes shallower on average by 11.5.73m, ranging from 33.6 to 22.1¢h depth. The eddy thickness differs
by 23 to 80m, having an average thickness&#75 181 m. The depth of the eddy centrB{ ) were found ab9:3 13.6
m depth with an average temperature of = 1:773 0:04 C, salinity of Sy, =33:954 0:26 and a potential density of _
=27.49 0:24 kg m 3. These values correspond to the range of surface waters in the Amundsen Basin, but then, if we look
at the anomalies against the mean values of the pro les 80 km around the eddy, we nd small yet signi cant anomalies
( ¢=-0.082C, Sp, =-0.189gkg 1!, . =-0.15kg m 3), that we will use later to discuss the possible origin of the
eddies.

In the Arctic Ocean, densny is primarily driven by salinity changélgure 6b.and 7b) rather than temperature due to the

16



of maximumyvelocity Dv,, [m], RossbynumberRo, andBurgernumberBu.
Fddy  Rm.  Vmax, Dvn RO Bu
El .14 0.10 33 0.19 .04
E2 .5.46 0.08 33 020 .0.8
E3 .3.78 0.10 45 0.38 L7
E4 674 020 37 042 .05
E5 730 008 65 016 .04
E6 .5.23 0.08 63 0.23 .0.9
E7 .459 011 a7 0.34 .2.9
E8 .840 021 49 0.35 .0.9

E9 614 027 45  0.62 -0:0670:2576.209.9

330

335

oy O WS UANLAUVEL Y. COITCSPOTNUS0 Wial A LOT=-palallic .1t

340 bhecomeselevantindicatingthatthoseeddiesarecloserto the cyclogeostrophigegimein which both Coriolis and centrifugal

contrast,low

345 of the eddies with larger thickness are located deeper in the water column (Fegl)re
No eddies were detected after February 12, the date of the last con rmed detection. Although the DN continued drifting,
the velocity measurements became progressively limited due to the sequential failure of the AOFBs, rst at L1 (February
27) and later at the Central Observatory (March 19), leaving the sADCP as the only velocity source, which did not reveal
any coherent eddy signatures. Meanwhile, the ITPs at L1 and L2 remained operational but did not register additional eddies.
350 By mid-March, after the drift crossed the Gakkel Ridge and transitioned to the Nansen Basin, the mixed layer had deepened

17



Figure 9. Scatter plots of: a) density anomaly ( .) versus salinity anomaly (Sa.), b) Radius versus maximum azimuthal velocity
(Vmax ) with dash lines showingo of 0.2 (blue), 0.4 (green), and 0.6 (red), c) maximum azimuthal veloiyx() versus thickness (h)

and d)cereCore-centraepth D) versus thickness (h).Celeursandsymbelsareasin-Figure 7

markedly (exceeding 15M), which likely inhibited the detection of IHEs within the 2@0 vertical range of the remaining
ITPs.

4 Discussion
4.1 Detection of duplicate eddies

355 The study of eddies under sea ice prompts the question of whether the same eddy has been sampled several times. The answ
to this question is not trivial; all the different measurements need to be assessed to constrain it. First, the assumption of quasi-
synoptic conditions adopted in section 2.2 implies that the eddies cannot move fast enough to pass several sites within the

time frame of a single observation perigélsecendaspecte-consideris-Second, the eddy sizeviostef-theeddiesprovides

18
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n.
Between October 29 and November 29, 2019, ve eddies were observed at different L sites within a relatively short time
window, raising the possibility that some of these detections correspond to the same eddy sampled at various stages of its patt

Although the distances between sites such as L1 and L3 exceleeil3d—well beyond the radius of the eddies in the area
of 6 km—, the temporal coincidence warrants a closer investigation into whether some of these eddies could have drifted
between nearby sites, particularly those closer together such as L2 and CO. For instance, L1 and L3 detected an eddy withir

drift, increasing the speed up to 0ws * (Figure 1c) and changing the drifting direction several times (Figuee left panels).

As a result, the DN platform sampled some sites more than once. Of the three eddies encountered on November 4 (E4), 17 (E5)
and 24 (E6) (Figur@10, pink, lilac and purple circles), E4 stands out as a well-formed eddy with a strong azimuthal velocity

of Vmax =0.20ms ?! (Figure910c, right panel). The periphery of this eddy was also observed at the CO site on November 7
(Figure910Db, right panel, dashed pink line), as con rmed by the drift trajectory of CO passing near the core's edge. Site L3

19
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Figure 10. Drift pathways and cross-track velocity sections for the L-sites from October 29 to November 29. Panels (a), (b), and (c) cor-
respond to sites L3, CO (Polarstern), and L1, respectively. Each panel includes a map on the left showing the drift trajectory of the corre-
sponding site (in dark grey), with the starting point marked by a red symbol and the endpoint by a blue one. The trajectories of the other two
sites are shown in light grey for reference. Eddy locations are represented as coloured circles, scaled by their estimated radius and matchin
the colours used in the left panels. Circles are shown in full colour when the eddy was sampled by the site, and translucent otherwise. The
right-hand panels display the cross-track velocity along each site's drift path. Eddies whose cores were crossed are marked with symbols a
the top of the panels. When a site passed near the location of a previously detected eddy, this is indicated by a solid-colour segment along

the drift path (left panel) and by dashed vertical lines of the same colour in the velocity section (right panel).
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km). howsthatthewatermassestrappad

i iusdi i .. Which also explainsthe moderatedifferencein estimatedadius(7.3-5.2

4.2 Origin and generation of eddies

Unlike temperate seas, the generation and trajectory of eddies cannot be remotely observed beneath Arctic sea ice. Althoug!
the western Nansen Basin shows stronger eddy kinetic energy than the interior Eurasian Basin, weaker and less frequent eddie
have also been observed in the central Arctic (Von Appen et al., 2022). Literature shows that most of the efforts to categorise
Arctic eddies have focused on the differences in the thermohaline properties of their cores. Based on this, eddies have beel
classi ed into Canadian water and Eurasian water eddies. In turn, this classi cation is divided into shallow (<80 m) and mid-
depth (>80 m)eerecore-centredepth, respectively (e.g., Zhao et al., 2014). Haee eight eddies found in this study are

the surface Amundsen Basin water, with the temperature minimum just above the thermocline (Rudels et al., 1996). It results
from advective-convective processes (Steele and Boyd, 1998). Following the formation of the winter mixed layer, fresher water
originating from the Russian shelves and transported via the Transpolar Drift reaches the freezing point and becomes dense
enough to convectively mix with the existing mixed layer (Kikuchi et al., 2004). This process generates the cold halocline layer,
a key feature of the Nansen Basin surface structure. In summer, meltwater from sea ice accumulates at the surface, stratifying
above the cold halocline layer. As freezing resumes in early winter, this freshwater cools to the freezing point and begins to
convect into the halocline, forming the distinctive-S, “wedge” shapekigurelbe

sea ice meltwater and the remnants of a winter mixed layer (Steele and Boyd, 1998). It has the particularity of a prominent

wedge, typical of surface conditions in the Nansen Basin during late autumn, when the water column is actively adjusting to
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the changing surface freshwater input and atmospheric cooling. A similar process occurred inside the edd¢{&igaje
435 but the refreezing and convection during winter altered the upper part, making the wedge smoother than in the early winter
season (Kikuchi et al., 2004). Comparing theS, diagram of the eddies with the surrounding water, we nd that E1 and E2
have trapped similar water masses, suggesting these eddies were likely formed in the same regie®, Ti@grams of the
other eddies have a wedge shape consistent with the typical processes occurring at the surface of the Nansen Basin, which |

not seen in the surrounding waters at the time of the observations.

440

fresh anomalies and a sharpened halocline in the eddy cores suggests that local convection during winter, possibly associ

ated with lead refreezing, played a role. Additionally, the geographic location of the eddies—well within the Transpolar Drift
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455

path—indicates that they may have formed upstream, in regions in uenced by freshwater input from the Siberian shelves.
This supports the hypothesis that baroclinic instability, facilitated by strong vertical strati cation and preconditioning from

prior surface forcing (e.g., convection in leads), is a plausible generation mechanism (Bush and Woods, 2000). Another hy-
pothesis, supported by observations and modelling, suggests that baroclinic instabilities—largely independent from surface

conditions due to the persistent strati cation—could be the dominant generation mechanism throughout the year (Meneghello

tion in leads may precondition the water column, creating vertical shear and density structures that enable baroclinic instability.
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Thus, eddy generation may result from a combination of surface-driven convection and deeper baroclinic adjgsterent

5 Conclusions

This study presents a detailed characterisation of intrahalocline eddies (IHES) in the Amundsen Basin, based on hydrographic
and velocity data collected during wintertime in the MOSAIC expedition. Nine well-de ned anticyclonic eddies were identi ed,

and thicknesses ranging from 23 to 80 all exhibiting solid-body rotation. The thermohaline properties of the water masses
trapped within their cores allowed us to infer pre-existing strati cation conditions, providing insight into the environmental
background from which these eddies formed.

Our results show that IHEs locally alter the vertical strati cation, shoaling the mixed layer by over 48d affecting
the stability of the halocline. Their horizontal and vertical scales, together with Rossby numbers in the rangd&k0.46 <
0.62, place them within a transitional dynamic regime between meso- and submesoscale, consistent with quasi-geostrophic
dynamics. Applying the Maximum Swirl Velocity (MSV) method resulted in radius estimates that were on aver&ge 1.7
(25%) larger than those obtained using simpler transect-based methods. This correction is relevant because underestimatin
eddy size can lead to signi cant misinterpretation of their transport capacity, energy content, and dynamical role, particularly
in under-ice conditions where spatial sampling is sparse.

Altheughthe generatiormeehanismsemainuncertainthe The consistent presence of cold and fresh anomalies in the eddy

cores suggests that local convection and/or baroclinic instability may play a role in their formation. Future stadids

Ocean dynamics, strati cation, and the lateral transport of heat and freshwater.

Data availability. All datasets used in this study are publicly available, in compliance with the MOSAIC data policy. CTD Polarstern:
Tippenhauer et al. (2023); ITPs: Toole et al. (2011); AOFBs: Stanton and Shaw (2023); ADCP Polarstern: Tippenhauer and Rex (2020)
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(centreof theeddy)andVmax . Thebluecircle markstheinner partof the eddy.
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