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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-5

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−1 and localised shal-

lowing of the mixed layer by over 10 m. Water mass analysis showed that the eddy cores contained Eurasian halocline waters10

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 L1 ≈::
of

::::::::::::
approximately

:
6.9 km, placing them in the (sub)mesoscale dynamical regime ,

consistent with quasi-geostrophic behaviour
:::
and

:::::::::
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 traditional15

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 essential20

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 the25

mixed layer in sea ice-covered regions, in particular, in
::::::::::
particularly

::
in

:
the Arctic Ocean. Intrahalocline eddies (IHEs)—

analogous in some respects
::::::
similar

:
to intrathermocline eddies (ITEs, Dugan et al., 1982)

::::::::::::::::
(Dugan et al., 1982)—are coherent

features, ranging .
:::::
They

:::::
range from submesoscale to mesoscale , 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, IHEs are uniquely shaped by Arctic

stratification, with potential impacts on halocline stability and cross-basin transport
:::::
Arctic

:::::
IHEs

::::::
evolve

::::::
within

:
a
::::::::

strongly30

:::::::
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 can modify the mixed layer depth (MLD) and transport anomalous water masses and nutrients

across ocean basins (Timmermans et al., 2008; Zhao et al., 2014)
::::
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

:::::::::
feedbacks35

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(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 around
::::
about

:
10 km (Nurser and Bacon, 2014). However, finer-scale analysessuggest that this

km
:::::::::::::::::::::
(Nurser and Bacon, 2014)

:
.
:::::::::
Finer-scale

::::::::
analyses,

::::::::
however,

:::::::
suggest

:::
the

:
limit may be even smaller, making it particularly

challenging to sample
:::::
which

::::::
makes

:::::::
sampling

:
mesoscale structures beneath the sea ice . This fine

::::::::
especially

:::::::::::
challenging.

::::
This40

::::
small

:
scale complicates the detection of IHEs, which may exhibit diameters close to or below this threshold. Therefore

::
as

::::
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).45

::
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, reaching depths of 4500 m, bounded

by the Lomonosov and Gakkel ridges . The Amundsen Basin is characterized by strong stratification in the upper layers
::::::
(Figure

:::
1a).

:::
Its

:::::
upper

:::::
water

::::::
column

::
is
:::::::
strongly

::::::::
stratified, with a mixed layer that extends to a depth of

::::::::
extending

::
to 50 m m

:::::
depth in

winter, temperatures close to the freezing point (≈ -1.8 °C) and salinity <33. Underlain
:::::
below

:::
33,

::::::::
underlain by a sharp halocline50

that separates the mixed-layer
:::::
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 that is maximal at their centre, con-55

sistent with geostrophic balance, where horizontal velocities are minimal
:::
and

:::::::::
horizontal

::::::::
velocities

:::::
reach

::
a
::::::::
minimum

:
at the
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eddy
::::
centre

::::
and

:::::::
increase

:::::::
radially

:::::::
outward

::::::
within

:::
the

:::::::::
solid-body

:
core (Zhao and Timmermans, 2015). IHEsare(sub)surface

vorticeswith
::::::::
represent

:
a

::::::
subset

::
of

:::::
these

::::::::
features,

:::::::::::
characterised

:::
by distinct thermohaline properties relative to ambient wa-

ters (Kostianoy and Belkin, 1989). Anticyclonic IHEstendto have
:::::::
typically

::::::
exhibit

:
domed isopycnals above and depressed

isopycnals below, whereascyclonicIHEsdisplaytheinversestructure—depressedisopycnalsin theupperpart
:
.
:::
The

::::::::
opposite60

::::::
vertical

::::::::
structure

::
is

:::::::::::
theoretically

:::::::
expected

::::
for

:::::::
cyclonic

:::::::::
subsurface

:::::::
eddies:

:::::::::
depressed

:::::::::
isopycnals

:::::
above

:
and domed isopyc-

nals below(McGillicuddy Jr, 2015). Their velocity �eld is characterisedby
::::::::::::::::::::::::::::::::::::::
(e.g., McGillicuddy Jr, 2015; Zhao et al., 2014)

:
,

:::::::
although

::::
such

:::::::
features

::::
have

:::
not

:::::
been

::::::::::
documented

::
as

:::::
IHEs

::
in

:::
the

:::::::::
Amundsen

:::::
Basin

::::
and

::::
were

:::
not

::::::::
observed

::
in

:::
our

:::::::
dataset.

::::
The

::::::
velocity

::::
�eld

:::
of

::::
these

::::::
eddies

:::::::
exhibits a subsurface maximum of azimuthal velocity, presentingan

:::
and

::::::::::
approximate

:
azimuthal

symmetry (Thomas, 2008).Previousstudieshaveinvestigatedthesetypesof eddies
::::
These

:::::::
features

::::::
belong

::
to

:::
the

:::::
global

:::::
class

::
of65

::::::::::::
density-trapped

:::::::::
subsurface

:::::::
vortices

:::::::::
commonly

::::::
termed

:::::::::::::
intrathermocline

::::::
eddies

::
or

:::::::::
subsurface

:::::
lenses

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(e.g., McWilliams, 1985, 1988; Chaigneau et al., 2011; Dilmahamod et al., 2018)

:
.

::
In

:::
the

::::::
Arctic

:::::::
Ocean,

:::::
where

:::::::::::
strati�cation

::
is

:::::::::::::
predominantly

:::::::::::::::::
halocline-controlled,

::::::
similar

::::::::
features

::::
have

:::::
been

::::::::
described

:::
as

::::
IHEs

:::::::::::::::::::::::::::::::::
(e.g., Zhao et al., 2018; Fine et al., 2018)

:
.

:::
We

::::::::
therefore

::::
adopt

::::
this

::::::::::
terminology

::
to

::::::
re�ect

::
the

::::::
strong

:::
and

:::::::
shallow

::::::::
halocline

:::::::::::
characteristic

::
of

:::
the

:::::::::
Amundsen

:::::
Basin.

:

:::::::
Previous

::::::
studies

:::
of

::::
such

::::::
eddies,

:::::::
mainly

::
in

:::
the

:::::::
Canada

:::::
Basin

:
(e.g., Aagaard and Carmack, 1989; Manley and Hunkins,70

1985; Timmermans et al., 2008; Zhao et al., 2014),with most of the work focusingon CanadaBasin eddies.In contrast,

only a few studieshavedocumentedEurasianBasineddiesbasedon
::::::
contrast

::::
with

::::::
sparse

::::::::
evidence

::::
from

:::
the

::::::::
Eurasian

::::::
Basin,

:::::
mostly

:::::
from

::::::
limited mooring observations (Polyakov et al., 2012; Woodgate et al., 2001).Notably,Zhao et al. (2014)analysed

:::::::::::::::
Zhao et al. (2014)

:::::::
identi�ed

:::
39

:::::
eddies

:::::::::
containing

:::::::
Eurasian

:::::
Basin

:::::
water

::::
from

:
a decade of Ice-Tethered Pro�ler(ITP; Krish�eld et al., 2008; Toole et al., 2011)

data(2004
::::
(ITP)

::::
data,

::::
but

::::
most

:::::
were

:::::
found

:::
on

:::
the

::::::::
Canadian

::::
side,

::::::
rarely

::
in

:::
the

:::::::::
Amundsen

::::::
Basin,

:::::::::
con�rming

::::
that

:::
the

::::::
region75

::::::
remains

::::::
poorly

:::::::
sampled

:::
and

::::::::::::
characterised.

::::
Their

:::::
study

:::::::
showed

:::
that

::::
these

::::::
Arctic

:::::::::
subsurface

:::::
eddies

:::
are

::::::::::::
predominantly

:::::::::::
anticyclonic,

::::
with

::::
radii

::
of

:::::
3.5-7km

:
,

::::
core

:::::
depths

:::
of

::
54–2015), identifying 127eddies, of which only 39 containedEurasianBasinwater,

andmostof thesewerenot observedin the AmundsenBasin.This highlightsa signi�cant observationalgapregardingthe

occurrenceandpropertiesof IHEs
:::
150

:
m,

:::::
mean

::::::::
azimuthal

:::::::::
velocities

::
of

::::::::
0.05–0.22

:
ms� 1,

::::
and

::::::
Rossby

:::::::
numbers

:::
of

:::::::::
0.07–0.63.

::::::
Beyond

::::
their

:::::::::
structure,

::::
these

::::::
eddies

::::::::::
redistribute

:::::
water

:::
and

::::
heat

::::::
within

:::
the

::::::::
halocline,

::::::::
affecting

::::::::
halocline

:::::::::::
maintenance,

::::::
mixed80

::::
layer

:::::::::
properties,

::::
and

::::::::::
upper-ocean

::::
heat

::::::
content

::
in

::
a

::::::::
changing

::::::
Arctic,

:::
and

:::::::
thereby

::::::::
modulate

::::::
vertical

::::
heat

::::::
�uxes

::::::
toward

:::
the

:::
sea

:::
ice,

::::::
lateral

::::::::
exchange

:::::::
between

::::::::
boundary

::::::::
currents

:::
and

:::
the

:::::
basin

:::::::
interior,

::::
and

:::
the

:::::::
storage

:::
and

:::::::
release

::
of

::::
heat

::::
and

:::::::::
freshwater

::::::::
anomalies

:::
on

::::
basin

::::::
scales

::::::::::::::::::::::::::::::::::::::
(e.g., Von Appen et al., 2022; Lenn et al., 2022)

:
.

::::::
Recent

::::::::::
observations

:::::
from

:::
the

::::::::
MOSAiC

:::::::::
expedition

:::::::::::::::
(Rabe et al., 2022)

::::
also

:::::::
detected

::::::::
eddy-like

:::::::
velocity

::::::::
anomalies

:
in the Amundsen Basinregion

:::::
using

::::::
velocity

::::
data

::
in

:::
the

:::::::
Central

::::::::::
Observatory

::::::::::::::::
(Schulz et al., 2024)

:
,
:::::::
although

:::::
these

::::::::
provided

::::
only

:::::
partial

::::::::::
information

:::::
about

::::
their

::::::::
structure

:::
and

::::::
origin.85

High-resolution modelling studies, such as those by Müller et al. (2024) and Li et al. (2024), using kilometre-scale simu-

lations (e.g. FESOM2, Danilov et al., 2017), suggest that the Eurasian Basin is densely populated by mesoscale eddies, with

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

a detailed view of subsurface dynamics and identifying numerous cyclonic and anticyclonic eddies beneath the ice, most of90

which appear to be in a quasi-steady state.Futuremodelstudieswould stronglybene�t from aneddyinventory
:::::::
Together,

::::
this
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:::::::
evidence

:::::::::
highlights

:::::
strong

:::::::::
motivation

:::
for

::::::::::::
observational

:::::::::::::
characterisation

::
of

:::::
IHEs

:
in the Eurasianbasin,asmodelsneedto be

validatedwith observationaldata
:::::
Basin.

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, formation95

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

particular, we use data from the Distributed Network (DN) (Rabe et al., 2024),
::::::
which

::::
was installed around the Central Ob-100

servatory (CO), where thePolarstern
::::::::
Polarsternwas anchored to the ice, and

:
.
:::
We

:
restrict our analysis to the winterseason

(
:::::
period

::::
from

:
October 192019,until ,

:::::
2019

::
to

:
March 15

:
, 2020). This DN wasan arrangementof different

:::
(for

:::::
daily

::::
drift

:::::::
locations

:::
see

::::::
Figure

::::
1a).

:::
The

::::
DN

::::::::
consisted

::
of

::::::
several autonomous ice-tethered systemsthataimedto collectvarious

:::::::
designed

::
to

:::::
collect

:
Arctic Ocean properties at different temporal and spatial scales. The DN includes both �xed-depth time series data

and vertical pro�les. Although �xed-depth sensors provide high temporal resolution data (on the order of minutes) and cap-105

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

thermohaline and velocity structure. Therefore, this studyexploits
:::
uses

::::::::::
exclusively vertical pro�le dataexclusivelyto anal-

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 12–24km around the CO (Figure 1b). At the L-sites, Ice-Tethered110

Pro�lers (ITPs) (Krish�eld et al., 2008; Toole et al., 2011) provided Conductivity, Temperature and Depth (CTD) measure-

ments,
:
and Autonomous Ocean Flux Buoys (AOFBs)

::::::::::::::::::
(Stanton et al., 2012) equipped with Acoustic Doppler Current Pro�lers

(ADCP) (Stanton et al., 2012)measured horizontal velocity. We also used CTD measurements from the surface to the ocean

�oor and velocity data from theshipboardADCP conductedat the CO from the Polarstern.
:::::::::
Polarstern

::::::::
shipboard

:::::::
ADCP.

:::
All

::::::
datasets

:::::
were

::::
used

::
in

:::::
their

:::::::
publicly

:::::::
released,

:::::::::::::::
quality-controlled

:::::
form

::::
from

:::
the

::::::
of�cial

:::::::::
MOSAiC

::::
data

::::::::
products,

::::::::
including115

::
the

::::
ITP

::::::::::::::::
(Toole et al., 2016)

:
,

:::
the

:::::::::
Polarstern

:::::::
sADCP

::::::::::::::::::::::::
(Tippenhauer and Rex, 2020),

:::
the

::::::
AOFB

::::::::::::::::::::::
(Stanton and Shaw, 2023),

::::
and

::
the

::::::::::
Polarstern

::::
CTD

:::::::::::::::::::::
(Tippenhauer et al., 2023)

:
.

:::
No

:::::::::
additional

::::::::::
corrections,

:::::::::
averaging,

:::
or

:::::::::::
interpolation

:::::
were

:::::::
applied.

:::::
Only

::
the

::::::::
velocity

::::
data

::::
were

:::::::::
smoothed

::::
with

::
a

:::::::
half-day

::::::::
low-pass

::::
�lter

:::
to

::::::
reduce

:::::::::::::
high-frequency

::::
noise

::::::
while

:::::::
retaining

::::::::::
eddy-scale

:::::::::
variability.

::::
This

:::
was

:::::
done

::
to

:::::::
remove

:::
the

::::::::::
short-period

:::::
noise

:::::
while

:::::::::
preserving

::::::::
temporal

::::::::
variability

:::
at

::::
time

:::::
scales

::::::::
expected

:::
for

::::::::::::
(sub)mesoscale

::::::
eddies,

::::::
which

:::::::
typically

::::
last

::::::
several

:::::
days.

:::
The

:::::
MLD

::::
was

::::::
de�ned

:::
as

:::
the

:::
�rst

:::::
depth

::
at

::::::
which

:::
the

::::::::::::
Brunt–Väisälä120

::::::::
frequency

::::::::
anomaly,

::::
� N ,

::::::::
between

:::::::::
successive

::::::::::::
measurements

::::::::
exceeded

:::::::::::
3� 10� 4s� 2.

::::
This

::::::::
threshold

::::
was

:::::::
selected

::::::::
following

::
a

:::::
visual

::::::::
inspection

:::
of

::
all

::::::::
available

:::::::
pro�les,

::
as

:
it

:::::::
reliably

:::::::
captured

:::
the

::::::::
transition

::::
from

:::
the

::::::
mixed

::::
layer

::
to

:::
the

:::::
onset

::
of

:::
the

::::::::
halocline

:::::
during

:::
the

:::::::::
MOSAiC

::::
drift.

:::
All

::::::::::::::
thermodynamic

::::::::
variables,

::::::::
including

:::::::
density,

:::
N ,

:::
and

:::::::
derived

:::::::::
quantities,

::::
were

:::::::::
computed

:::::
using

::::::::
TEOS-10

::::::
through

:::
the

:::::
GSW

::::::
Python

:::::::
toolbox

:::::::::::::::::::::::::
(McDougall and Barker, 2011)

:
.
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Figure 1.
::
(a)

::::
Drift

::::
track

::
of

::
the

::::::
Central

:::::::::
Observatory

::::
(CO)

:::
on

::
the

:::::::
MOSAiC

::::::::
expedition

::::
from

::::::
October

:::
19

::::
2019

:
to

:::::
March

:::
15

::::
2020.

:::
The

::::
blue

::::
scale

:::::::
represents

:::
the

:::::::::
bathymetry

:::::
(� 103 m

:
),

:::::
based

::
on

::
the

::::::::::
International

::::::::::
Bathymetric

::::
Chart

::
of

:::
the

:::::
Arctic

:::::
Ocean

:::::::::::::::::
(Jakobsson et al., 2008)

:
.

::::::::
Schematic

:::::
arrows

::::::
indicate

:::
the

:::::
major

:::::::::
upper-ocean

:::::::::
circulation

:::::::
pathways:

:::
the

:::::
Warm

:::::::
Atlantic

::::
Water

::::::::
Boundary

::::::
Current

:::::
(pink)

:::
and

:::
the

:::::::::
Transpolar

::::
Drift

::::
(red).

:::
Key

::::::::::
bathymetric

:::
and

::::::::
geographic

:::::::
features

::
are

:::::::
labelled,

:::::::
including

:::
the

:::::::::
Lomonosov

:::::
Ridge

:::::
(LR),

:::::
Gakkel

:::::
Ridge

:::::
(Gk),

::::
Fram

:::::
Strait

::::
(FS),

:::
and

::
the

::::
East

::::::
Siberian

:::::
Shelf

:::::
(ESS).

:::
The

::::
black

:::::::
polygon

::
in

::::
panel

:
a
:::::
shows

:::
the

::::
main

:::
area

::
of

:::::
study.

:::
(b)

::::
Initial

::::::
spatial

::::::::::
con�guration

::
of

::
the

::::::
L-sites

:::::
relative

::
to

:::
the

::::::
CO–PS

::
on

::
19

:::::::
October

::::
2019

::::::::
(markers),

:::
and

::::
their

::::::::
subsequent

::::::
relative

:::::::::::
displacements

::::
from

::
19

::::::
October

::::
2019

::
to

::
15

::::::
March

::::
2020

::::::::::
(colour-coded

::::::::
positions).

:::
The

::::::
colour

::::
scale

::::::
matches

:::
that

::
of

:::::
panel

:::
(a),

:::::::
indicating

:::
the

:::
date

:::::
along

:::
the

:::
drift

::::::::
trajectory.

::
(c)

::::
Drift

:::::
speed

::
of

:::
the

:::
CO

::::
(grey

::::
line)

:::
and

:::
the

::::
mean

::::::
current

::::
speed

:::::::
averaged

::::
over

:::
the

:::::::
available

:::::
ADCP

:::::
depth

::::
range

::
at

::::::
CO-PS

:::::
(green

::::
line),

:::
L1

::::
(blue

:::::
line),

:::
and

::
L3

::::
(red

::::
line).

:::
The

:::::
dashed

::::
grey

:::
and

:::::
black

:::
lines

:::::
show

::
the

:::::
mean

:::
drift

:::
and

:::::
mean

:::::
current

:::::
speed,

::::::::::
respectively.

:::
The

:::::
timing

::
of

::::
each

::::::
detected

::::
eddy

:::::::
(E1–E9)

:
is

:::::::
indicated

::
at

:::
the

::
top

::
of

:::
the

:::::
panel.

a)Drift trackof theCentralObservatory(CO)ontheMOSAiC expeditionfrom October9 2019to March152020.Theblue125

scalerepresentsthebathymetry(� 103 ). Theblackpolygonin panela showsthemainareaof study.b) Spatialpositionof the

L sitesaroundtheCO on October10 2019.c) Drift speedof theCO (blueline) andthemeancurrentspeedaveragedfrom the

mixedlayerto 100(redline). Thedashedgreenandorangelinesshowthemeandrift andmeancurrentspeed,respectively.

ThethreeITPsdeployedatthe
:::
The

::::
three

:
L-sitesof theDN conducteddifferentacquisitiontimesand

::::
were

:::::::::::
instrumented

::::
with

::::
ITPs

:::
and

::::::::::::::
AOFB-mounted

:::::::
ADCPs,

::::
each

::::::::
operating

:
with different pro�ling timesandverticalextensions

:::::::
intervals

:::
and

:::::::
vertical130

5



Table 1. List of instrumentation,site names,period of measurement,temporal
:::::::::::
Instrumentation

:
and vertical resolutiondeployedin the

:::::::
sampling

::::::::::
characteristics

:::
for

::::
each Distributed Networkof theMOSAiC expeditionusedin this study

::::
(DN)

:::
site.

Site
:::::::
Location Buoy

::::::
Platform Instrument

:::::
Sensor

:
Time

:::::::::
Deployment

::::
Time

::::::
between

: ::::
Depth

: ::::
Depth

::
site

: :::::
(Buoy

::::::
system)

:::
type

:
period Pro�ling frequency

:::::
pro�les [h] Depthrange [m] Vertical res.

:::
bin

:::
size [m]

L1 ITP 111 CTD 07-10-2019 – 11-06-2020 6-18
::::
6–18 10-200

:::::
10–200

:
1

L1 AOFB ADCP 07-10-2019 – 27-02-2020 3 12-70
:::::
12–80 2

L2 ITP 94 CTD 08-10-2019 – 29-07-2020 6-24-6-36
::::::::
6–24–6–36 10-200

:::::
10–200

:
1

CO-PS AOFB ADCP 14-10-2019 – 19-03-2020 2 12-70
:::::
12–80 -

:
2

L3 ITP 102 CTD 11-10-2019 – 31-01-2020 3 10-200
:::::
10–200

:
1

L3 AOFB ADCP 10-10-2019 – 22-01-2020 2 10-200
:::::
10–80 2

CO-PS Polarstern CTD 14-11-2019 – 02-20-2020 - 1-4000
:::::
1–4000

:
(Bottom) 1

CO-PS Polarstern ADCP 28-10-2019 – 04-06-2020 1/60 25-200
:::::
25–200

:
8

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

:::::::
sampling

::::::
ranges

:
(Table 1).TheL1 sitehada pro�ling cycleconsistingof an18-hourinterval followed by a 6-hourinterval;

L2 followed a morecomplexcycleof 36, 6, 24, and6-hourintervals;andL3 hadthehighesttemporalresolution,recording

8 pro�les perday.Giventhedrift velocity of the
::::::
Because

:::
all

::::::::
platforms

::::::
drifted

::::
with

:::
the

:
sea ice,we cancomputethedistance

betweenthepro�les , which rangedbetween
::
the

:::::::::
horizontal

:::::::
spacing

:::::::
between

::::::::::
consecutive

::::::
pro�les

::::::::
depended

:::
on

::::
both

::::
drift

:::::
speed

:::
and

:::::::
pro�ling

::::::::
interval,

::::::
ranging

:::::::::::::
approximately

::::
from

:
1 and

:
to

:
10 km, where

::::
with

:::
the L3 hasthe highesthorizontalresolution135

:::
ITP

::::::::
providing

:::
the

:::::::
smallest

:::::::
spacing and L2 thelowest.TheITPsinstalledat

:::::
largest.

::::
The L1 and L2survivedthewhole

::::::
sensors

:::::::
remained

::::::::::
operational

::::::::::
throughout

:::
the winter and drifteduntil

::::::
toward the Fram Strait. Unfortunately,after a ridging event,

:
,

:::::::
whereas the L3ITP stoppedmeasuringonJanuary

::::::
sensors

::::::
ceased

::::::::
operation

::
on

:
31 , 2020.

Thezonalandmeridionalcomponentsof theabsolutevelocitypro�les weremeasuredusinganADCPwith averticalrange

from 10 to 80 meters,a verticalresolutionof 2 meters,anda 2-hoursampleinterval.TheL3 ADCP stoppedmeasuringat the140

sametimeastheL3 ITP. Unfortunately,the
::::::
January

:::::
2020

::::::::
following

::
an

::::::::::
ice-ridging

:::::
event.

:::
The

:
L2 ADCP did notsampledsince

thebeginningdueto technicalproblems.However,asanalternative,we useddatafrom thePolarstern'sshipboardADCP in

caseswhere
:::::
return

::::::
usable

:::
data

::::
due

::
to

::::
early

::::::::
technical

::::::
failure,

::::
and

:::::
when L2 and theCO werealigned

::::::
Central

::::::::::
Observatory

:::::
were

::::::
aligned,

:::::::
velocity

::::::::::::
measurements

:::::
were

:::::::::::
supplemented

:::::
using

:::
the

:::::::::
Polarstern

::::::::
shipboard

::::::
ADCP.

2.2 Eddy detection145

In this study, the DN moved with thesea-ice
::
sea

:::
ice

:
at a mean drift speed of 0.11m s� 1, while the underlying ocean current

below the mixed layer had an average speed of 0.02m s� 1 (Figure 1c). Becausethe ice drift is an order of magnitude faster

thantheoceancurrent
::::
ocean

:::::::
currents, the ice-tethered platformseffectivelymove quickly relative to the ocean features beneath
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.
::::
them.

::::
The

:::
DN

::::::::
geometry

::::
also

::::::::
remained

:::::
stable

::::::
during

::
the

::::
drift

:::::::
(Figure

:::
1b),

::::
with

::::::::::::
inter-platform

::::::::
distances

:::::::
changing

::::
only

:::::::
slightly

:::
and

::::::
always

:::::::::
exceeding

:::
the

:::::::
expected

::::::::
diameter

::
of

::::::
Arctic

::::::::::::
intrahalocline

::::::
eddies. This large difference in speeds

:::
and

:::
the

:::::::
absence150

::
of

:::::::::
signi�cant

::::::::::
deformation

:::
or

::::::
rotation

:::
of

:::
the

:::::
array justi�es the quasi-synoptic assumption, which means that measurements

from the ice-advected platforms can be considered as near-instantaneous snapshots ("frozen �elds") of the slower-evolving

ocean eddies (Manley and Hunkins, 1985; Krish�eld et al., 2008).
::::::::::
Furthermore,

:::
the

:::::::
analysis

::::
was

::::::::
restricted

::
to

:::
DN

::::::::::
trajectories

:::
that

::::::::
followed

::::::::::::
approximately

:::::
linear

:::::
paths

::::::
during

::::
each

:::::
eddy

:::::::::
encounter,

::::::
thereby

::::::::::
minimising

::::::::
potential

::::::::
geometric

::::::
biases

::::::
arising

::::
from

:::
the

::::::
relative

::::::
motion

::::::::
between

::
the

::::::::
platform

:::
and

::
a

::::::::::
propagating

::::
eddy.

:
This interpretation agrees with observations that Arctic155

eddies propagate at speeds roughly an order of magnitude 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. (2014).First,

we visually identify maximumisopycnaltilting (vertical displacement)anomaliesusing CTD vertical castsfromthe ITPs.

Anticycloniceddiesareidenti�ed byconvex-shapedisopycnaldisplacementsin thedensitysections,whereasconcavedisplacements

indicatecycloniceddies.Second
:::::
Eddies

::::
were

::::
�rst

:::::::::
recognised

::
in

:::
the

:::
ITP

::::::
pro�les

:::
by

:::::::
visually

:::::::
detecting

::::::::
coherent

::::::
vertical

::::::::::::
displacements160

::
of

:::::::::
isopycnals

::::::
across

::::::
several

::::::::::
consecutive

:::::
casts,

::::::::
re�ecting

::::
the

::::::
eddy's

::::::
spatial

:::::::
structure

:::
as

:::
the

:::::::
drifting

:::::::
platform

:::::::
crosses

::
it.

:::
In

::
the

:::::
case

::
of

::::
the

::::::::::
anticyclonic

::::::
IHEs,

:::
the

::::
only

:::::
type

::
of

::::::
eddies

::::::::
detected

::
in

::::
our

:::::::
dataset,

:::
the

::::::
upper

::::
part

::
of

:::
the

:::::
eddy

::::::
shows

::
a

::::::
convex

::::::
upward

:::::::
doming

::
of

:::::::::
isopycnals,

:::::::
whereas

:::
the

:::::
lower

::::
part

:::::::
exhibits

:
a
:::::::
concave

:::::::::
downward

::::::::::::
displacement,

::::::::
producing

::::::::
opposite

:::::
slopes

:::::
above

::::
and

:::::
below

:::
the

:::::
core.

::
In

::
a

::::::
second

::::
step, we analyse the velocity pro�les measured by the ADCPs, looking for a

speedanomalycharacterisedby
:::
and

::::
look

:::
for

:::
the

::::::::::::
characteristic

::::
eddy

:::::::
velocity

::::::::
anomaly,

::::
with

:
two local maxima in horizontal165

speedon either
:
,

:::
one

:::
on

::::
each side of the isopycnal displacement centre; thus,at leasttwo pro�les mustbesampledwithin this

speedanomaly.Timmermans et al. (2008)only considerededdiessampledwith at leastfour pro�les; however,sincewe have

additionalADCP data,we relax this criterion to requireat leasttwo pro�les, acknowledgingthat this may limit the precise

characterisationof theeddycentre.Figure2 showstwo examplesof eddies:
:
.

::::::
Figure

:
2

:::::::::
illustrates

:::
this

::::::::
two-step

:::::::::::
identi�cation

::::
using

:::
the

::::::::::::
hydrographic

:::::::::::
displacement

:::
and

:::
the

:::::::::
associated

:::::
speed

::::::::::
anomalies. E8 (a), detectedat L3 with thehighesthorizontal170

resolution,and
:::
was

:::::::
sampled

::::
with

:::
the

:::::::
smallest

:::::::::
horizontal

:::::::
spacing

:::::::
between

:::::::
pro�les,

:::::::
whereas

:
E9 (b) , observedat L2 with the

lowestresolution.Thesecasesillustratethat relaxingthe four-pro�le criterion is justi�ed whenvelocity dataareavailableto

identify aneddy(seeTable??for details)
:::
had

::
the

::::::
largest

:::::::
spacing.

:::::
These

::::::::
examples

:::::
show

::::
how

::::::::
eddy-like

::::::::
structures

:::
are

:::::::::
recognised

::::
from

:::
the

::::::::
combined

::::::::::
ITP–ADCP

:::::
signal

::::::
before

:::::::
applying

:::::::::
dynamical

::::::::::
consistency

::::
tests.

In general,the eddycore is (closeto ) a solid body rotationand its outeredgede�nes the radiusof maximumvelocity175

(Chelton et al., 2011). Oncethe
:::
The

:::
last

::::
step

:::
in

:::::::::
con�rming

::::
that

:::
an

:
eddy-like structureshavebeenidenti�ed, we needto

corroboratethatthe
:::::::
structure

::
is

:
in

::::
fact

:
a

:::::::
rotating

::::
eddy

::
is

::
to

:::::
verify

:::
that

:::
the velocityfollowsasolid-bodyrotation(Nurser and Bacon, 2014)

to con�rm the dynamicsarein agreementwith eddiesandnot otherfeaturessuchasmeandersor fronts
:::
�eld

::
is

:::::::::::
dynamically

::::::::
consistent

::::
with

::::::::
coherent

:::::::
rotation

:::::
rather

:::::
than

::::
with

:::::
other

:::::::
features

::::
such

:::
as

::::::::
meanders

:::
or

::::::
frontal

:::::::::
intrusions,

::::::
which

::::
have

:::::
been

::::::::::
documented

::
in

:::
the

:::::
central

::::
and

:::::::
marginal

:::::
Arctic

::::::
Ocean

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
(e.g. von Appen et al., 2018; Von Appen et al., 2022; Zhao et al., 2014; Timmermans et al., 2008; Polyakov et al., 2012)180

:
.

:::
As

:
a

::::
�rst

::::::::::
diagnostic,

:::
we

::::::
require

::::
that

:::
the

:::::::::
azimuthal

:::::::::::
(cross-track)

:::::::
velocity

:::
v� ::::::

exhibit
::
a

:::::::
reversal

::
in

::::
sign

::::::
across

:::
the

::::::
centre

::
of

:::
the

::::::::
isopycnal

::::::::::::
displacement,

:::::::::
indicating

::::::::
opposite

::::
�ow

:::::::::
directions

::
on

::::
the

::::
two

:::::
�anks

:::
of

:::
the

::::::
feature

::::
and

::::::::
ensuring

:::
that

::::
the

::::::
pro�ler

::::::
crossed

:::::::
through

::
or

::::
very

::::
near

:::
the

:::::
eddy

::::
core. As apre-processingstep,

:::::
second

:::::::::
diagnostic,

:::
we

:::
test

:::::::
whether

:::
v� ::::::::

increases

7



Figure 2.Cumulative distance–speed sections for (a) eddy E8 (January 15 2020) and (b) eddy E9 (February 12 2020). Black contours indicate

isopycnals spaced every 0.25kg m� 3 .
:::
The

:::::
dotted

::::::
vertical

:::
light

::::
grey

::::
lines

::::
mark

:::
the

:::::
ADCP

:::::::::::
measurement

::::::
pro�les,

:::
and

:::
the

:::::
purple

:::::::
triangles

::::
mark

::
the

:::
ITP

:::::::::::
measurement

::::::
pro�les.

::::::::::::
approximately

::::::
linearly

:::::
with

::::::
radius

::::::
within

:::
the

:::::
core,

::::::::
consistent

:::::
with

:::
the

:::::::::
solid-body

:::::::
rotation

::::::::
expected

:::
in

:::::::::
mesoscale

::::::
eddies

:::::::::::::::::::::
(Nurser and Bacon, 2014);

:::
the

::::::
radius

::
of

:::::::::
maximum

:::::::
velocity

::::
then

::::::
marks

:::
the

:::::
edge

::
of

:::
the

::::
core

::::::::::::::::::
(Chelton et al., 2011).

::::::::
Because185

::::
these

:::::::::
dynamical

::::::::::
diagnostics

:::::::
con�rm

::::::::
coherent

:::::::
rotation,

:::
we

::::
also

::::::
accept

::::::
eddies

:::::::
sampled

:::::
with

:::::
fewer

::::
than

:::
the

::
4

::::
ITP

:::::::
pro�les

:::::::
required

::
by

:::::::::::::::::::::
Timmermans et al. (2008)

:
.
::
In

:::
our

:::::::
dataset, thevelocity is rotatedby � , which is theanglebetweentwo consecutive

measurementsalongthedrifting pathway,suchasthatvr is thealong-trackdrift velocity andv� is the
::::::::
combined

::::::::::
ITP–ADCP

::::::::::
observations

:::
can

:::::::
con�rm

:::
the

:::::::
presence

:::
of

::
an

::::
eddy

:::::
even

::::
when

:::::
only

:::
two

::::::::::
consecutive

::::::
pro�les

:::::
show

:::
the

::::::::
isopycnal

::::::::::::
displacement.

::
To

::::::::
compute

:::
the cross-trackdrift velocity (eddy'sazimuthalvelocity)

:::::::::
component

::
v� ::::

and
::
its

::::::::::
along-track

::::::::::
counterpart

:::
vr ,

:::
the190

::::::
velocity

:::::::
pro�les

::::
were

::::::
rotated

:::
by

:::
the

:::::
angle

:
�

:::::::
between

::::::::::
consecutive

:::::::::
drift-track

::::::::
segments:

vr = ucos(� ) + vsin(� )v� = � usin(� ) + vcos(� )� = arctan
y2 � y1

x2 � x1
(1)

v�:
= � usin(� ) + vcos(� )
::::::::::::::::::

(2)

195

� = arctan
�

y2 � y1

x2 � x1

�

:::::::::::::::::

(3)

where(x1;y1) is the position of the �rst measurement and(x2;y2) of the second measurement.v� , 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,

having the maximum value of the velocity atRmax ; the distance between the location of the absolute smallestswirl
::::::::
azimuthal200
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velocity (centre of the eddy) and the maximum azimuthal velocity (Vmax ) (Figure 3, red line). A method for computing the

azimuthal velocityv� of a theoretical eddy as a function ofits radius (Equation, 4) waspresented
::
4)

::::::
follows

:::
the

:::::::::
analytical

::::::
velocity

::::::
model

:::::::::
introduced

:::::::
initially by Castelão and Johns (2011),basedon a studyof Gulf Streamrings(Olson, 1980, 1991)

:::
and

::::
later

::::::
applied

::::::::
explicitly

::
to

::::::::::::
eddy-velocity

:::::
�tting

:::
by

:::::::::::::::::
Castelão et al. (2013):

v� (r ) =

8
>>><

>>>:

r
Vmax

Rmax
; for r � Rmax

Vmax exp
�

�
r � Rmax

�

�
; for r > R max

(4)205

where� is a damping coef�cient that indicates decay. Equation 4 assumes an inner part of the eddy that rotates like a solid

body (r � Rmax ) and an outer part (r > R max ) where the velocity decays rapidly at the e folding scale� , which is typically

about1
3 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 (v� ) calculated using Equation 2 was compared to the theoretical Rankine vortex (Equation 4) to210

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 structure.
:::
For

:::
this

::::::::::
comparison,

:::
the

::::::::
Rankine

:::::
model

::
is

::::::
scaled

::::
using

:::
the

:::::::::
maximum

:::::::::
azimuthal

:::::::
velocity

::::::
directly

::::::::
measured

:::::
from

:::
the

::::::
ADCP

::::
data

::::
along

::::
the

::::
drift

::::::::
trajectory,

::::::::
ensuring

:::
that

:::
the

::::::::::
comparison

:::::::
re�ects

::::
only

:::
the

:::::::::::
observations

:::
and

:::
the

:::::::::
analytical

:::::
model

::::::::::
introduced

::
in215

:::
this

:::::::::
subsection.

:

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 expression

of the eddy to obtain the horizontal velocity �eld (Chelton et al., 2011).Our studyregioniscoveredby
:
In

::::
our

:::::
study

::::::
region,

::
the

::::::::
presence

::
of

:
thick sea ice, makingdetectingeddiesusingremotesensingdataimpossible.Thus,to

:::::::
prevents

:::
the

:::
use

:::
of220

:::::::::::::
satellite-derived

:::::::
velocity

:::::
�elds,

::
so

:::
the

::::
eddy

:::::
centre

:::::
must

::
be

:::::::
inferred

::::::
directly

:::::
from

::
the

::
in

::::
situ

:::::
ADCP

:::::::::::
observations.

:::
To estimate the

centre of the eddy and obtain an accurate approximation of its radius, we applied the Maximum Swirl Velocity (MSV) method

as described by Castelão et al. (2013). This method assumes that an eddy is axisymmetric, with all the momentum associated

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 velocityv� among the available data points, while the radial component of the225

velocity vr is vanishingV =
p

v2
� + v2

r = v� .

To �nd the centre, we followed the approximation of Nencioli et al. (2008)
:
,
::::
who

::::::::
proposed

::::::
testing

:::
the

:::::
MSV

::::::
method

::::
over

::
a

::::::
gridded

::::::
search

::::
area,

::
as

:::::::
follows. First, we de�ned an area of2Rmax � 2Rmax around the location where the minimum velocity

inside the eddy was measured, dividing it into a 100m resolution grid. We then used every point of the grid as a theoretical

centre, decomposing all of the ADCP velocities, as in Equation2
:::
1-3, into tangential and radial components relative to each230
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Figure 3. Azimuthal velocity (v� , ms� 1)
::
for

:
(a) eddy E8 (January 15 2020) and (b) eddy E9 (February 12 2020). Black dots show the

measuredv� ::
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 4,r � Rmax ), while yellow dots represent the outer part (Equation 4,

r > R max ::::::::
r > R max ). The maximum azimuthal velocity (Vmax ::::

Vmax ) used in the model is marked by a red dot with a yellow centre.
:::
The

::::::
Rankine

:::::
model

::
is

:::::
scaled

::::
using

:::
the

:::::::
maximum

::::::::
azimuthal

::::::
velocity

::::::
directly

:::::::
measured

::::
from

:::
the

:::::
ADCP

::::::
pro�les

:::
(red

:::
dot

::::
with

:::::
yellow

::::::
centre).

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

�nding the location wherevr is minimal, thereby minimising the cost functionJ (Castelão et al., 2013):

J =
1

2N

NX

n =1

�
vrn

Vn

� 2

(5)

whereN is the number of ADCP measurements used andV is the speed.
::
To

:::::::
perform

::::
this

:::::::::::
minimisation,

:::
we

::::::::
computed

:::
the

:::::
value

::
of

::
J

::
at

::::
every

::::
grid

:::::
point

:::
and

:::::::
selected

:::
as

:::
the

::::
eddy

::::::
centre

:::
the

::::
point

::::::
where

::
J

::::::
reached

:::
its

:::::::::
minimum. Once the centre is detected,235

we recalculated the radiusRmax :::
Rm as the distance between the theoretical centre andVmax (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 functionJ , lies approximately 5km 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, about 4.6km. For eddy E9, the L2 transect crossed nearly through its centre,240

and the difference between the two radius estimates is minimal (5.9km - 6.1km).

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 parameter245

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

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 velocity (Vmax ) location and the orange line show the

distance between the location of the absolute smallest azimuthal velocity (centre of the eddy) andVmax . The blue circle marks the inner part

of the eddy.
::::::::
Equivalent

::::
plots

::
for

:::
the

:::::::
remaining

:::::::
detected

::::
IHEs

:::
are

:::::
shown

::
in

:::::::
Appendix

:::::
Figure

:::
A1.

processes, we calculated the �rst(L 1) mode of the baroclinic Rossby radius of deformation using the approximation of Wang

et al. (2013) (Equation 6):

@
@z

�
f 2

N 2

@Fm
@z

�
= �

1
L 2

m

1
L 2

R;m
:::::

Fm ; (6)

whereN , the Brunt–Väisälä frequency, is derived from the CTD vertical cast.f is the Coriolis parameter (f = 1 :45s� 4
::::::::::::::::
f = 1 :45� 10� 4s� 1),250

Fm is the dynamic mode eigenfunction andL m :::::
L R;m :

is the Rossby radius of themth baroclinic mode. To solve this equation,

we apply a �at-bottom boundary condition (dF m
dz = 0 atz = 0 ; � H ), appropriate for our study region within the deep Amundsen

Basin.This areais distantfrom majorbathymetricfeatures,suchasridgesor seamounts,andcanbeapproximatedaslaterally

homogeneousandverticallyunaffectedby topographicconstraints.
::::::::
Although

:::
the

:::::::::
Amundsen

:::::
Basin

::
is

::::::
limited

::
by

:::
the

::::::::::
Lomonosov

:::
and

::::::
Gakkel

:::::::
Ridges,

:::
our

:::::
study

::::
area

:::
lies

::
in

:::
the

::::::
central

::::::
interior

::
of

:::
the

::::::
basin,

:::::
where

:::
the

::::::::::
upper-ocean

:::::::::::
strati�cation

:::
and

::::::::::
water-mass255

:::::::
structure

:::
are

::::::
known

::
to

::
be

::::::::::
horizontally

:::::::
uniform

::::
and

::::::
largely

::::::::::
independent

::
of

::::::::::::::
ridge-controlled

::::::::
dynamics

:::::::::::::::::
(Rudels et al., 1996)

In Figure 5, we show the spatial distribution ofL 1 ::::
L R; 1 in our study area. Stations located close to each other sometimes

show differentL 1 ::::
L R; 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.

The mean value ofL 1 ::::
L R; 1 in the study area is 6.93km, which justi�es our use of the term (sub)mesoscale throughout the260

paper, as several eddy structures observed fall near or below this threshold.
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Figure 5.The �rst baroclinic Rossby radius of deformation mode (L 1::::
L R; 1) calculated from CTD vertical casts obtained aboardRV Polarstern

::::::::
Polarsternduring the MOSAiC drift (dashed black line), with the start of the drift (9

::
19 October 2019) marked by a black star. Spatial

distribution ofL 1 ::::
L R; 1 is shown in (a), and the time series ofL 1 ::::

L R; 1 as a function of latitude is shown in (b).

3 Results

3.1 Examples of two characteristic eddies

We observed9
::::
nine eddies, which, for the purpose of explanation, we label E1 to E9. We start this section by analysing in detail

two representative anticyclonic eddies: E8, observed on January 15, and E9, observed on February 12 (seeTable??)
:::::
Tables265

:::
2)-3. These examples are used throughout the Methods section to illustrate our detection and characterisation approach. The

E8 eddy (Figure 6
::
-7, upper panels) was captured by the L3 buoys with 12 ITP pro�les

:::
and

:::
10

::::::
ADCP

::::::
pro�les

:
within the solid-

body rotation region (core)and10ADCPpro�les in theinnercore. The MSV method (see section 2.3) revealed a radius of 8.4

km. The E9 eddy (Figure 6
::
-7, lower panels), captured by the L2 buoy with only 2 ITP pro�les and 9 ADCP pro�les, had a

radius of 6.14km. Wechose
::::::
selected

:
these two eddiesasexamplesbecause they were the largest andbest-samplededdies

::::
most270

:::::::
energetic

:
detected along thetrack

:::
drift

:::::
track,

::::
with

::::::
strong

::::::::
azimuthal

::::::::
velocities

::::
and

::::
clear

:::::::::::
hydrographic

:::::::::
signatures

::::::::::::
representative

::
of

:::::::::
wintertime

:::::
IHEs. Although the CTD pro�les only coarsely resolved E9, the ADCP data did resolve it well, and it suggests

the eddy was crossed almost through its centre (Figure 4).

To characterise the eddies, we used pro�les of conservative temperature (� ), absolute salinity (SA C ), density (� � ), buoyancy

frequency (N ), and azimuthal velocity (v� )
::::::
(Figure

::
7). We selected the central pro�le, where the isopycnal displacement was275

greatest—
:
, based on ITP data (Figure 6a

:::
a-b, red dashed line). TheN pro�les were used tode�ne theverticalboundariesof the

eddies
::::::
identify

:::
the

:::::::::
isopycnal

:::::::
surfaces

:::
that

::::::
bound

::::
each

:::::
eddy

::::::::
vertically. We de�ne the upper limit of the eddy (Figure 6

::
-7, red

line) as the
::::::::
isopycnal

::::::::
coincident

::::
with

:::
the

:
depth of the �rst peak inN , and the lower limit (Figure 6

::
-7, cyan line) as the

::::::::
isopycnal

::::::::
coincident

::::
with

:::
the

:
depth of the second peak inN , and thecoredepth

:::::::::
core-centre

:
is de�ned as the depth whereN reaches a

minimum between these two limits. Our de�nition of thecore
:::::::::
core-centre depth differs from that used by Timmermans et al.280
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Figure 6. Details of the eddies E8 (upper panel) and E9 (lower panel). (a) Cross sections of conservative temperature (� )
:::
and

::
(b)

:::::::
absolute

:::::
salinity

:
(g kg� 1)

:
with isopycnals shown as black contours spaced every 0.25kg m� 3 ; red and cyan contours indicate the upper and lower

limits of the eddies, respectively, and the dashed vertical red line marks the central eddy pro�le.Verticalpro�les of density(� � ) (b),buoyancy

frequency(N) (c), conservativetemperature(� )(d), andazimuthalvelocity (v� ) (e).Theredline showsthecentralpro�le, andthegreyline

showsthemeanpro�les at � 30km aroundtheeddy.Dashedhorizontallinesshowthetop(red),thebottom(cyan),themaximumazimuthal

velocity level (green)andtheeddycoredepth(orange).(f) Cross section of azimuthal velocityv� 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 (a)
:
,
:::
(b) and (f) marker the

measurement pro�les,in (a)
::::
where

:
the darker lines are the pro�les inside the eddy

::
in

:::::
Figure

:
7.

::::::::
Equivalent

::::
plots

:::
for

::
the

::::::::
remaining

:::::::
detected

::::
IHEs

::
are

:::::
shown

::
in

::::::::
Appendix

:::::
Figure

::::::
A2-A3.

(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 from 41m to 24m from the eddy

edge to the eddy centre, which is similar to that resulting from the eddy E9, with a decrease of 20m depth. At the upper285

boundary, the isopycnal was displaced upwards 14m in both eddies; at the lower boundary, it was displaced downwards by

23 m in E8 and 19m in E9. In E8, the eddy's upper boundary is located at depth withv� � 0 (Figure6
:
7d), indicating good

agreement between the CTD and ADCP data. In E9, the eddy's upper boundary, as determined using theN pro�les, does

13



Figure 7.
::::::
Details

::
of

::
the

:::::
eddies

:::
E8

:::::
(upper

:::::
panel)

:::
and

:::
E9

:::::
(lower

::::::
panel).

::::::
Vertical

::::::
pro�les

::
of

:::::
density

::::
(� � )

:::
(a),

:::::::
absolute

:::::
salinity

::
(g kg� 1

:
)

:::
(b),

:::::::
buoyancy

::::::::
frequency

::
(N)

:::
(c),

::::::::::
conservative

:::::::::
temperature

:::::
(� )(d),

:::
and

::::::::
azimuthal

::::::
velocity

::::
(v� )

::
(e).

::::
The

::
red

::::
line

::::
shows

:::
the

:::::
central

::::::
pro�le,

:::
and

:::
the

:::
grey

:::
line

:::::
shows

:::
the

::::
mean

::::::
pro�les

::
at

::
�

::
20km

:::::
around

:::
the

::::
eddy,

::::::
marked

::
as

:::::
dotted

:::::
vertical

::::
light

::::
grey

::::
lines

:
in

::::::
Figure

:
6.

::::::
Dashed

::::::::
horizontal

::::
lines

::::
show

:::
the

::
top

:::::
(red),

:::
the

:::::
bottom

::::::
(cyan),

:::
the

:::::::
maximum

::::::::
azimuthal

::::::
velocity

::::
level

::::::
(green)

:::
and

:::
the

::::
eddy

:::::::::
core-centre

::::
depth

:::::::
(orange).

:::::::::
Equivalent

::::
plots

::
for

:::
the

:::::::
remaining

:::::::
detected

::::
IHEs

:::
are

:::::
shown

::
in

:::::::
Appendix

:::::
Figure

::::::
A4-A5.

not align with the depth withv� � 0, likely due to the coarser temporal resolution of the CTD data. The maximum azimuthal

velocity of the eddy was 0.25ms� 1 and 0.28ms� 1 in E8 and E9, respectively.290

3.2 Properties of all eddies detected during the winter season

In the period from October9
::
19

:
2019 to March 15 2020, we detected nine well-developed anticyclonic eddies in the central

part of the Amundsen Basin (Figure7a,Table??
:::
8a,

:::::
Tables

:::
2-3). 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 (Figure7
:
8, diamond markers), and their295

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



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 velocity (V� max ) (d) on the left; and eddy thickness (� h) (e), core
::::::::
core-centre

:
absolute salinity

anomaly (� SA C ) (f) andcore
::::::::
core-centre conservative temperature anomaly (�� C ) (g) on the right. In (b), we compare the radius estimated

from the distance betweenV� max 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 radiusL 1 :::
L 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 (Figure7
:
8, square 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, we300

detected two eddies, one in October (E3) and one in November (E4) (Figure7
:
8, inverted 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 speed of� 0.1ms� 1). 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 (Figure7 and Table ??
:
8
::::

and
::::::
Tables

::::
2-3). The dynamical305

nature of the eddies can be characterised through the interplay between four key parameters: the eddy radii estimated from

the MSV (Rm :::
Rm :

= 6.09 � 1.4 km), the �rst mode of the baroclinic Rossby radius of deformation (L 1 ::::
L R; 1:

= 6.9 �

1.3 km), the maximum azimuthal velocity (Vmax = 0.14 � 0.07 ms� 1), and the Rossby number (Ro = 0.32 � 0.14). The

conditionRm < L 1 :::::::::
Rm < L R; 1 :

places these eddies in the (sub)mesoscale regime, indicating a transitional dynamical scale.

::::::::
Consistent

:::::
with

:::
this

::::::::::::
interpretation,

:::
the

::::::
Burger

:::::::
number

:::::
(Bu)

:::::::::
computed

:::
for

:::
the

::::
nine

::::::
eddies

::::::::
(0.4–2.9)

::::::
further

::::
show

::::
that

:::::
most310

::
lie

::
in

::
a

::::::::::::::::::::::
submesoscale-to-mesoscale

::::::::::
transitional

::::::
regime

::::::::
(Bu � 1),

:::::
while

::
a

:::::::
minority

::::::::
(Bu > 1)

::::::
exhibit

:::::
more

:::::::
compact

:::::::::
structures
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Table 2. Summary of
:::::::::::
hydrographical

::::::::
properties

::
of

:
all detectedIHE eddies

:::
IHEs

:
during the winter MOSAiC drift. Eddies are labelled

sequentially (E1 to E10) based on their chronological order of detection.Site,date,andcorepropertiesarelistedfor reference.Mixed layer

depth in the central pro�le/mean water state� MLD [m], Thickness
:::::::
thickness

:
� h [m], Core

::::::::
core-centre depthD c ::

D c [m], Core
::::::::
core-centre

values of conservative temperature� c ::
� c [ �

:
°C], absolute salinitySA c [g kg� 1 ], density� � c [kg m� 3 ]and,

:
their anomaly� values. Rossby

numberRo , maximumazimuthalvelocityVmax anddepthD Vm :::::
number

::
of

:::
ITP

:::
and

:::::
ADCP

::::::
pro�les

:::::
within

:::
the

::::
eddy

:::
core.

Eddy Site Date � MLD � h D c:::
D c � c:::

� c SA c � � c Rm::::
�� c:

Vmax :::::
� SA c D Vm ::::

� � � c :
Ro

::::::::
ITP-ADCP

:

�� c � SA c � � � c :::::
pro�les

:

E1 L3 21-10
:::::
21–10 22/31 23 36 -1.72 33.84 27.28 7.140.10330.19-0.001 -0.154 -0.124

:::
8–6

E2 L3 29-10
:::::
29–10 19/29 56 73 -1.71 34.26 27.8

::::
27.80

:
5.460.08330.2-0.111 -0.169 -0.133

:::
15–8

:

E3 L1 31-10
:::::
31–10 28/32 46 54 -1.78 34.09 27.57 3.780.1450.38-0.003 -0.133 -0.107

:::
2–6

E4 L1 04-11
:::::
04–11 16/35 62 43 -1.8

::::
-1.80 33.81 27.29 6.740.2370.42-0.071 -0.133 -0.105

:::
4–8

E5 L3 17-11
:::::
17–11 23/29 70 69 -1.81 34.18 27.72 7.30.08650.16-0.156 -0.178 -0.139

:::
4–4

E6 L3 24-11
:::::
24–11 21/30 69 67 -1.83 34.19 27.72 5.23

:::::
-0.190 0.08630.23-0.19-0.197 -0.153

:::
8–6

E7 L2 17-12
:::::
17–12 -

:
– -

:
– -

:
–
:

-
:
–
:

-
:
– -

:
– 4.59

:
– 0.11

:
–
:

47
:
– 0.34---

::
0–9

:

E8 L3 15-01
:::::
15–01 24/41 72 63 -1.74 33.62 27.23 8.40.21490.35-0.057 -0.296 -0.237

:::::
12–10

E9 L2 12-02
:::::
12–02 24/42 80 70 -1.77 33.63 27.27

::::
-0.067

: :::::
-0.257

:::::
-0.205

:::
2–9

:::::
where

::::::::::::::
cyclogeostrophic

::::::
effects

::::
may

:::::::
become

:::::::
relevant.

:
We computedRo using the cylindrical approximationRo = 2U

fR (Zhao

et al., 2014), whereU is Vmax , f is the Coriolis parameter andR is the radius.
::::::::
Similarly,

:::
the

::::::
Burger

:::::::
number

:::
was

:::::::::
computed

::
as

::::::::::::
Bu = ( R

L R; 1
)2,

::::::
where

:::::
L R; 1 ::

is
:::
the

::::
�rst

::::::::
baroclinic

:::::::
Rossby

::::::::::
deformation

:::::::
radius. This yieldsRo (0.16 < Ro < 0.62) that is

consistent with the quasi-geostrophic balance
:
,
::::::::
although

::
the

::::::
upper

:::::
range

:::::
allows

:::
for

::::::::
curvature

::::::
effects

:::::::::::::::::::::
(e.g., Shakespeare, 2016)315

. It is interesting that the radii would be underestimated by� 1.7km if we did not perform the MSV correction (Figure7
:
8b),

which would indicate that the eddies appear closer to the submesoscale regime than they actually are. In the centre of the eddies,

the MLD becomes shallower on average by 11.5� 5.73m, ranging from 33.6 to 22.12m depth. The eddy thickness differs

by 23 to 80m, having an average thickness of59:75� 18:1 m. The depth of the eddy centre (D c ) were found at59:3 � 13:6

m depth with an average temperature of� c =� 1:773� 0:04� C, salinity ofSA c =33:954� 0:26 and a potential density of� � c320

=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 at� 30 km around the eddy, we �nd small yet signi�cant anomalies

(�� c = -0.082� C, � SA c = -0.189g kg� 1, � � � c = -0.15kg m� 3), that we will use later to discuss the possible origin of the

eddies.

In the Arctic Ocean, density is primarily driven by salinity changes
::::::
(Figure

:::
6b

:::
and

::::
7b) rather than temperature due to the325

well-developed halocline, as cold waters remain close to the freezing point, minimising thermal effects (Aagaard and Carmack,

1989; Carmack et al., 2016). This dependency is evident in thecore
:::::::::
core-centre

:
properties, with density anomalies linearly

associated with salinity anomalies (Figure8
:
9a).A similar behaviouris observedwhenwe compare

::::::::
However,

:::
the

::::::::::
relationship

:::::::
betweenVmax with thethickness(Figure8

:::
and

:::
the

::::
eddy

::::::::
thickness

::::
does

:::
not

:::::
follow

::
a

:::::
single

:::::
linear

::::
trend

:::::::
(Figure

:
9c),whichis also
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Table 3.
:::::::
Summary

::
of

::::::::
dynamical

::::::::
properties

::
of

::
all

:::::::
detected

::::
IHEs.

:::::
Eddy

::::
radius

::::
Rm [km],

::::::::
maximum

::::::::
azimuthal

::::::
velocity

::::
Vmax :

[m s� 1 ],
:::::
depth

:
of

::::::::
maximum

::::::
velocity

:::::
D Vm [m],

::::::
Rossby

::::::
number

:::
Ro,

:::
and

::::::
Burger

::::::
number

:::
Bu .

::::
Eddy

:::
Rm : ::::

Vmax : ::::
D Vm ::

Ro
:::
Bu

::
E1

: :::
7.14

: :::
0.10

::
33

:::
0.19

: ::
0.4

:

::
E2

: :::
5.46

: :::
0.08

::
33

:::
0.20

: ::
0.8

:

::
E3

: :::
3.78

: :::
0.10

::
45

:::
0.38

: ::
1.7

:

::
E4

: :::
6.74

: :::
0.20

::
37

:::
0.42

: ::
0.5

:

::
E5

: :::
7.30

: :::
0.08

::
65

:::
0.16

: ::
0.4

:

::
E6

: :::
5.23

: :::
0.08

::
63

:::
0.23

: ::
0.9

:

::
E7

: :::
4.59

: :::
0.11

::
47

:::
0.34

: ::
2.9

:

::
E8

: :::
8.40

: :::
0.21

::
49

:::
0.35

: ::
0.9

:

::
E9

:
6.14 0.27 45 0.62 -0.067-0.257-0.205

::
0.9

:

expected,sincebothof thepropertiesmustbein balanceto conservepotentialvorticity (Cushman-Roisin and Beckers, 2011).330

In additionto beingthicker,wefoundthatthemoreenergeticeddiesalsohavegreateranomaliesin thecore.A groupof eddies

is observedat Ro=0.2 (Figure8
:::::
where

:::
we

::::
can

:::::::::
distinguish

::::
two

:::::::
different

:::::::
groups.

::::
The

:::
�rst

::::
one

::::
with

:::::
lower

::::::
Vmax :::

and
:::::::
Rossby

:::::::
numbers

::::::::
Ro � 0:2,

::::::
where

:::
the

::::::
relative

:::::::
vorticity

:::::
term

:::::::
(2V� =r)

::::::::
represents

::::
only

:::::
about

::::
20%

:::
of

:::
the

::::::::
planetary

:::::::
vorticity

:::
(f ),

::::
and

:::
the

::::::
second

:::::
group

::::
with

:::::
lower

:::::::::::::
Ro(� 0:3–0.6),

:::::
where

::::::
relative

:::::::
vorticity

::::::::
accounts

:::
for

:::::::
30–60%

::
of

::
f .

::::
This

:::::::::
separation

::
in

::
Ro

::
is

:::::::::
consistent

::::
with

:::
the

::::::
natural

:::::::::::
segmentation

:::::::
apparent

::
in

:::
the

:::
Ro

::::::::::
distribution

::::
itself

:::::::
(Figure

:
9b), whichis closerto geostrophicbalance.This is335

in contrastto thosethat tendto highervaluesof Ro, for which
::::::::::
qualitatively

::::::::::
corresponds

:::
to

::::
what

:
a
:::::::::::::
non-parametric

:::::::::
clustering

:::::::
approach

::::::
would

:::::::
identify.

::::::
Higher

:::
Ro

:::::
eddies

::::::
require

:::::::
stronger

:::::::
velocity

::::::::::
adjustments

::
to

:::::::
balance

:::::::
changes

::
in

::::::::
thickness,

:::
and

:::
for

:::::
these

:::::
cases, the Coriolis force aloneis

:::::::
becomes

:
insuf�cient to balance the

::::
radial

:
pressure gradient.In suchcases,the centrifugal

force becomesdynamicallyrelevant,suggestinga cyclogeostrophicbalance—where
:::
The

:::::::::
centrifugal

:::::::::::
contribution

::::::::
therefore

:::::::
becomes

:::::::
relevant,

:::::::::
indicating

:::
that

:::::
those

::::::
eddies

:::
are

:::::
closer

::
to

:::
the

::::::::::::::
cyclogeostrophic

::::::
regime

::
in

:::::
which

:
both Coriolis and centrifugal340

forcesact to balance the pressure gradient— similar to ,
:::::::::
consistent

::::
with

:
the �ndings of Zhao et al. (2014).

::
In

:::::::
contrast,

::::
low

:::
Ro

:::::
eddies

::::
can

::::::::::::
accommodate

::::::::
thickness

::::::::
variations

:::::
with

::::::::::::
comparatively

:::::
small

:::::::
changes

::
in

::::::
Vmax ,

::::::::
re�ecting

:::::::
different

::::::
modes

:::
of

:::::::
potential

:::::::
vorticity

::::::::::
adjustment

::::::::::::::::::::::::::::::
(Cushman-Roisin and Beckers, 2011)

:
.

::::
This

::::::::
behaviour

::
is

::::
also

::::::::
consistent

::::
with

:::::
their

:::::::::::
thermohaline

::::::::
structure:

::
the

:::::
more

::::::::
energetic

:::::
eddies

:::
not

::::
only

::::
tend

::
to

:::
be

::::::
thicker,

:::
but

::::
also

::::::
exhibit

:::::
larger

:::::::::
core-centre

:::::::::
anomalies.

:
We �nd that most

of the eddies with larger thickness are located deeper in the water column (Figure7
:
9d).345

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.

By mid-March, after the drift crossed the Gakkel Ridge and transitioned to the Nansen Basin, the mixed layer had deepened350
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Figure 9. Scatter plots of: a) density anomaly (� � � c ) versus salinity anomaly (� SA c ), b) Radius versus maximum azimuthal velocity

(Vmax ) with dash lines showingRo of 0.2 (blue), 0.4 (green), and 0.6 (red), c) maximum azimuthal velocity (Vmax ) versus thickness (� h)

and d)Core
::::::::
Core-centre

:
depth (D c) versus thickness (� h).Coloursandsymbolsareasin Figure7.

markedly (exceeding 150m), which likely inhibited the detection of IHEs within the 200m vertical range of the remaining

ITPs.

4 Discussion

4.1 Detection of duplicate eddies

The study of eddies under sea ice prompts the question of whether the same eddy has been sampled several times. The answer355

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 period.A secondaspectto consideris
:::::::
Second, the eddy size. Most of theeddies

:::::::
provides
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::
an

:::::::::
additional

:::::::::
constraint:

::::
most

:::::
IHEs

:
observed by Zhao et al. (2014) in the Amundsen Basin had radii of�

::::::::::::
approximately

:
5

km, consistent with ourobservations,andthe distancebetween
::::::::
estimates.

::::::
Given

:::
the

::::::
spatial

::::::::
separation

::::::
among

::::
the

:::
DN

:::::
sites,360

L1
:::
–L3

::
�

::::::
32–35km

:
,

::::::
L1–CO

::
�

::::::
10–17km,

:
and L3is largerthan30

::::
–CO

::
�

::::::
22–24km, makingit

:
it

::
is

:::::::
therefore

:
unlikely that the

same eddy would bedetectedat both locations.However,at shorterdistances,suchasbetweenL2 andCO,
:::::::
sampled

::
at

:::::
more

:::
than

::::
one

:::::::
location,

::::::
except

::
in

:::
the

:::
few

:::::
cases

::::::
where

:::
the

::::
drift

::::::::
geometry

::::::
brought

::::
two

::::::::
platforms

::::
over

:::
the

:::::
same

:::::
region

::::::
within

:
a

:::::
short

::::
time

:::::::
interval.

:::::
Third,

:::
the

:::::
mean

::::::::::
background

::::
�ow

::
of

:::
the

:::::::::
Transpolar

:::::
Drift,

:::::
about

::::
0.02

:
m s� 1,

:::::::
advects

:::
the

:::::
IHEs

::
at

::::::::::::
approximately

::
the

:::::
same

:::::
speed

::::::::::::::::
(Zhao et al., 2014)

:
,

::::::
further

:::::::
limiting

:::
the

:::::::
distance

:::
an

::::
eddy

::::
can

:::::
travel

:::::::
between

::::::::::
consecutive

:::::::
pro�les.

:::::::::
Although365

::
the

::::
DN

::::::
rotated

::::::
during

:::
the

:::::
drift,

::
its

::::::
overall

::::::::::::
con�guration

:::
and

:::::::
relative

::::::::
distances

::::::::
remained

:::::::::
effectively

:::::::
constant

::::::::::
throughout

:::
the

::::
study

::::::
period

:::::::
(Figure

::::
1b).

:::::::::
Therefore,

::::::
rotation

:::::
does

:::
not

::::
alter

:::
the

::::::
spatial

:::::::::
separation

:::::::
between

:::::
sites

:::
nor

:::::
create

:::::::::
conditions

::::::
under

:::::
which

:
a
::::::
single

::::
eddy

:::::
could

::
be

:::::::
sampled

:::::::::::::
simultaneously

::
at

:::::::
different

:::::::::
locations.

::
In

:::
the

::::::
speci�c

:::::
cases

::
of

:::
E7

:::
and

::::
E9,

:::
the

:::
CO

::::::
ADCP

:::::::
detected

::
an

:::::
eddy

::::::
shortly

::::::
before

:::
the

:::
L2

:::
ITP

:::::::
sampled

::
a

::::::
similar

::::::
signal.

:::::::
Because

:::
the

::::
DN

::::::
drifted

:::::::::::::::::::::::::
northeastward–southeastward,

::::
both

::::::::
platforms

:::::::::::
consecutively

::::::
passed

::::
over

:::
the

:::::
same

::::::
region,

::::::::
separated

::
by

::::::::::::
approximately

:::::
9–14km

:
,

:::::::
allowing

::
us

::
to

::::::::
conclude

::::
that370

::
L2

::::
and

:::
CO

:::::::
sampled thepossibilityincreases.In particular,eddiesweredetectedatbothsitesaroundtheexactdates,andgiven

theprevailingnortheastward/southeastwarddrift,it is plausiblethatdifferentbuoyscouldhavesampleddifferentpartsof the

same eddy.We investigatethis possibility in moredetail below.
:::::
These

:::
are

:::
the

:::::
only

:::
two

::::::
eddies

:::::::
detected

::
at

::::
L2,

:::
and

:::::
since

:::
L2

::::
does

:::
not

::::::
provide

:::::::
velocity

:::::::::::::
measurements,

::::
such

:::::
events

::::::::
represent

:::
the

::::
only

::::::::
situations

::
in

::::::
which

:::
L2

:::
can

::
be

:::::::::::
meaningfully

:::::::::
compared

::::
with

:::
CO.

:::::::::
Moreover,

::::::
during

:::
the

::::::
periods

:::::
when

:::
E7

:::
and

:::
E9

::::
were

:::::::::
observed,

::
no

::::
eddy

:::::::::
signatures

::::
were

::::::::
detected

::
at

::
L1

:::
or

:::
L3,

::::::
further375

::::::
limiting

:::
the

:::::::::
usefulness

:::
of

:::
L2

::
for

::::
the

::::::::
multi-site

::::::::::::::::
duplicate-detection

:::::::
analysis

::::::::
presented

::::::
below.

:::
We

::::::::
therefore

::::::::
examine

:::::::
possible

:::::::
duplicate

:::::::::
detections

::::
only

:::
for

:::
the

::::::::::::
con�gurations

::
in

:::::
which

:::::::
velocity

:::
and

::::::::::::
hydrographic

:::
data

:::::
allow

::::::::::
meaningful

:::::::::::::::
cross-comparison.

:

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 path.

Although the distances between sites such as L1 and L3 exceed 30kmkm—well beyond the radius of the eddies in the area380

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 within

two days (E3 on October 31 andE4
::
E2

:
on October 29; Figure9,

::
10,

::::::
panels

::
c

:::
and

::
a,

:
green and lime circles). Bothfell in

thesmallerradiusrangebut showed
:::::
events

:::
fall

::::::
within

:::
the

::::::::::::
smaller-radius

:::::
range

:::
but

::::::
exhibit

:
different core characteristics. The

sADCP fromthePolarstern(Figure9
:::::::::
Polarstern

::::::
(Figure

:::
10b, right panel) showsthatat the time of theseeventsdelimited

::
no385

::::::
velocity

::::::::
signature

:::::::::
associated

::::
with

:::::
either

::::
eddy

::::::
during

:::
the

:::::
period

:::::::
marked by the green dashed line, thereis noapparentin�uence

from eithereddy,suggestingtheyareindependent.
:::::::::
Therefore,

:::
the

:::
two

::::::
eddies

::::::
appear

::::::::::
dynamically

:::::::::::
independent,

:::
and

:::
the

:::
CO

::::
site

:::
did

:::
not

:::::::
intersect

:::
the

::::::::
azimuthal

::::::::::
circulation

::
of

:::::
either

::::::
feature

::::::
during

::
its

::::
drift. From November 15 to 19, a storm affected the ice

drift, increasing the speed up to 0.4ms� 1 (Figure 1c) and changing the drifting direction several times (Figure9
::
10, 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),390

and 24 (E6) (Figure9
::
10, pink, lilac and purple circles), E4 stands out as a well-formed eddy with a strong azimuthal velocity

of Vmax = 0.20ms� 1 (Figure9
::
10c, right panel). The periphery of this eddy was also observed at the CO site on November 7

(Figure9
::
10b, right panel, dashed pink line), as con�rmed by the drift trajectory of CO passing near the core's edge. Site L3
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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 matching

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 at

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).

recorded two eddies within a week, with centres separated by 6km. This suggests thatit was
::::
both

::::::::
detections

::::::::::
correspond

::
to the

same eddy, whichtranslatedat a speedof
:::::
would

::::
have

:
a
:::::::::
translation

:::::
speed

:::
of

::::::::::::
approximately 0.01m s� 1 , anddueto thestorm,395

our instrumentssampledit twice. Not only do thespatio-temporalscales
:::::
during

::::
that

::::::
period.

::::
The

:::::::::::
thermohaline

:::
and

:::::::::
kinematic

::::::::
properties support this interpretation, butalsothethermohalineandkinematicproperties(seeTable??) , with smalldifferences

likely resultingfrom
::::::
(Tables

::::
2-3):

:::
the

:::::::::
differences

::::::::
between

::
E5

::::
and

::
E6

:::
are

:::::::
minimal

::::::
(order

::::
0.01

::
in

::
�

:::
and

::::
SA )

:::
and

:::
are

:::::::::
consistent

::::
with the instruments notcrossingexactlythesameportionor watermasses

:::::::
sampling

:::
the

:::::
same

:::::::::::
cross-section of the eddy. This
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explainswhy the estimatedradiusdiffers slightly ,
::::::
which

:::
also

::::::::
explains

:::
the

::::::::
moderate

::::::::
difference

:::
in

::::::::
estimated

:::::
radius

:
(7.3–5.2400

km). Figure10eshowsthatthewatermassestrappedinsideE5andE6displaythesamecharacteristicproperties,reinforcingthe

interpretationthatthesameeddywassampledtwice
:::
The

:::::
� -SA::::::::

structure
::::::
(Figure

::::
12c)

::::::::
con�rms

:::
that

:::::
both

::::::
features

:::::
share

::::::
nearly

:::::::
identical

::::
core

:::::
water

:::::::
masses,

::::::::
indicating

:::
no

::::::::::
appreciable

::::::::::
modi�cation

::
of

::::
the

::::
eddy

::::
over

:::
the

::::::::
one-week

::::::::
interval.

::::
This

::
is

::::::::
expected,

::
as

:::::::::::
intrahalocline

::::::
eddies

:::
can

::::::
persist

:::
for

:::::::
extended

:::::::
periods.

:::::::::::::::
Zhao et al. (2014)

:::::
report

::
a

::::::
lifespan

::
of

::
at

:::::
least

::
21

::::::
months

:::
for

::::::::
Eurasian

:::::
Basin

:::::
IHEs,

:::
and

::::::::
therefore

::::
their

:::::::::::
thermohaline

:::::::
structure

::
is

:::
not

::::::::
expected

::
to

::::::
change

:::::::::::
substantially

::
on

::::::
weekly

::::::::::
timescales.

::::::::
Although405

::
the

::::
CO

:::
site

::::::
passed

::::
near

:::
the

:::::
region

:::::
where

:::
the

:::::
eddy

:::
was

:::::::
located,

:::
no

::::
clear

:::::::::::::::
azimuthal-velocity

::::::::
anomaly

:::
was

:::::::
detected

:::::::
(Figure

::::
10b,

:::::
purple

:::::
line),

:::::
likely

:::
due

::
to

:::
an

:::::
earlier

::::::
partial

:::::::
crossing

::
or

:::
an

:::::::::
incomplete

::::::::::
intersection

::::
with

:::
the

::::
eddy

::::
core.

4.2 Origin and generation of eddies

Unlike temperate seas, the generation and trajectory of eddies cannot be remotely observed beneath Arctic sea ice. Although

the western Nansen Basin shows stronger eddy kinetic energy than the interior Eurasian Basin, weaker and less frequent eddies410

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 been

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)core
:::::::::
core-centre

:
depth, respectively (e.g., Zhao et al., 2014). Thenine

::::
eight

:
eddies found in this study are

shallow Eurasian water eddies, containingsaltybut warmerwaters
:::::
saltier

::::::
waters

::::
that

:::
are

:::
less

:::::
close

::
to

:::
the

:::::::
freezing

:::::
point than415

those studied by Zhao et al.(Figure10
:::
and

::::::::
therefore

:::::
depart

:::::
from

:::
the

:::::::::::::::::
temperature–salinity

::::::::::
relationship

:::::::
reported

::
in

::::
that

:::::
study

::::::
(Figure

::
11b).

The � -SA diagram in Figure10
::
12 shows three different characteristic shapes: (i) �uctuant temperature with a smooth

"wedge" shape in E8 and E9 (Figure10c)
:::
12a)

:::::::
located

::::::::::::
approximately

::::::
within

:::
the

:::::
range

::
of

::::::::::::
� 1:74� 0:03� C

:::
and

::::::::::
33:62� 0:1

g kg� 1, (ii) a smoother curve in October (Figure10d
:::
12b) and (iii) a prominent "wedge" shape in November (Figure10e)420

.
::::
12c)

::::::
around

:::::::::
� 1:81� 2� C

:::
and

:::::::
34� 0:3

:
g kg� 1

:
.

:::
By

:::::::
“wedge

::::::
shape,”

:::
we

:::::
refer

::
to

::
a

::::
T–S

::::::::
structure

:::
in

:::::
which

:::::::::::
temperature

::::::::
decreases

::::::
toward

:
a
:::::

local
:::::::::
minimum

::
at

:::
the

:::::
eddy

::::::::::
core-centre,

:::
and

:::::
then

::::::::
increases

:::::
again

::
as

:::::::
salinity

::::::::
continues

::
to

:::::
rise,

:::::::
forming

:
a

:::::::::::
characteristic

:::::::
concave

:::::
shape

::
in

::::
the

:::::::
diagram.

:
The smooth curve in Figure10c

:::
12b

:
is the typical� -SA diagram observed in

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 water425

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� –SA “wedge” shape.Figure10e430

:::::
Figure

::::
12c shows the� -SA diagram arising from a convective cold halocline, resulting from the strati�cation of summer

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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Figure 11.
::::
� -SA ::::::::

diagrams.
::::::
Density

:::::::
contours

:::
and

::::::
freezing

::::::::::
temperature

::
(at

::::::
surface

:::::::
pressure)

:::
are

:::::
shown

::
in

::::
grey

::::::
dashed

::::
lines

:::
and

::
in

::::
blue

:::::
dashed

::::
lines,

::::::::::
respectively.

:::::
Mean

:::::
pro�les

:::
of

::
the

::::::::::
surrounding

::::
water

:::
are

:::::
shown

::
in

::::
grey,

:::
and

:::
the

::::::
colours

:::::::
represent

::::
each

::::
eddy

::
up

::
to

::
90

::::::
meters

::::
depth

::::
with

::
the

:::::::::
core-centre

:::::::
properties

::::::
shown

::
by

::
the

:::::
larger

:::::::
markers.

::
b)

:::::
shows

::
the

:::::::::
core-centre

:::::
� -SA :::::

values,
:::
and

::
in

::::
pink

::
the

:::::::::
core-centre

:::::
values

:
of

:::::::
Eurasian

:::::
eddies

::::
from

::::::::::::::
Zhao et al. (2014).

the changing surface freshwater input and atmospheric cooling. A similar process occurred inside the eddy (Figure10c
:::
12a),

but the refreezing and convection during winter altered the upper part, making the wedge smoother than in the early winter435

season (Kikuchi et al., 2004). Comparing the� -SA 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 region. The� -SA diagrams of the

other eddies have a wedge shape consistent with the typical processes occurring at the surface of the Nansen Basin, which is

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

Although the exactgenerationmechanismof the observededdiescannotbe determinedwith certainty,the water
:::::
Water440

mass analyses provide valuable insight into the strati�cation and convective processes that likely precondition the upperwater

column
::::
ocean

:
before eddy formation

:::
and

::::
may

::::
help

::::
infer

:::::
their

:::::::
possible

::::::
region

::
of

:::::
origin. In particular, the presence of cold,

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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Figure 12.
::::
� -SA ::::::::

diagrams.
::::::
Density

:::::::
contours

:::
and

::::::
freezing

::::::::::
temperature

::
(at

::::::
surface

:::::::
pressure)

:::
are

:::::
shown

::
in

::::
grey

::::::
dashed

::::
lines

:::
and

::
in

::::
blue

:::::
dashed

::::
lines,

::::::::::
respectively.

:::::
Mean

:::::
pro�les

:::
of

::
the

::::::::::
surrounding

::::
water

:::
are

:::::
shown

::
in

::::
grey,

:::
and

:::
the

::::::
colours

:::::::
represent

::::
each

::::
eddy

::
up

::
to

::
90

::::::
meters

::::
depth

::::
with

::
the

:::::::::
core-centre

:::::::
properties

:::::
shown

::
by

:::
the

:::::
larger

::::::
markers.

::::::
Groups

::
of

:::::
eddies

:::
with

::::::
similar

:::::
� -SA :::::

curves
:::::::
indicating

:::::::
different

::::::::
generation

:::::::
processes:

::
a)

::::::::
refreezing

:::
and

:::::::::
convection,

::
b)

:::::::::::::::
advective-convective

:::
and

::
c)

::::::::
convective

::::
cold

:::::::
halocline.

path—indicates that they may have formed upstream, in regions in�uenced by freshwater input from the Siberian shelves.445

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

et al., 2021).
:::::::::
Comparable

::::::::::
generation

::::::::
pathways

::::
have

:::::
been

:::::::::::
documented

::::::::
elsewhere

:::
in

:::
the

::::::
Arctic,

::::::
where

::::
jets

::::::
�owing

::::::
along450

::::::::::
topographic

::::::::
gradients

::
or

::::::
strong

:::::::::
shelf–basin

:::::::
density

:::::
fronts

::::::
trigger

::::::::::
instabilities

::::
that

::::
form

::::::::::
subsurface

:::::
eddies

::::
and

:::::::::::
intermediate

:::::
layers

::::::::::::::::::::::::::::::::::::
(MacKinnon et al., 2021; Schulz et al., 2021)

:
.
::::::::
Although

:::
the

::::::
central

:::::::::
Amundsen

:::::
Basin

::::
lacks

:::
the

::::::
intense

:::::::::::::::
boundary-current

:::
jets

::::::
present

:::::
near

:::
the

:::::::
Siberian

:::::::
margin,

:::::
these

::::::
studies

::::::::
illustrate

::::
how

::::::::
localised

:::::
shear

::::
and

:::::::::::::
preconditioning

::::
can

::::
seed

:::::::::
baroclinic

:::::::::
instabilities

::
in

::::::::
strongly

:::::::
strati�ed

::::::
Arctic

::::::::::::
environments,

:::
and

::::::
would

:::::
favour

:::
the

::::::::::
hypothesis

:::
that

:::::
some

::
of

:::
the

::::::
eddies

:::
we

::::::::
observed

::::::
formed

::
in

:::
the

:::::
basin

::::
near

:::
the

:::::::
Siberian

:::::::::
continental

::::::
slope. These mechanisms are not mutually exclusive: thermohaline convec-455

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 adjustment. Given

the lack of stronghorizontalvelocity shearand the observededdyscalesmatchingthe �rst baroclinicdeformationradius,

barotropicinstability is unlikely to beadominantmechanismin this region.
:
,

::::
even

::
in

:::
the

:::::
basin

::::::
interior.

:

� -SA diagrams.Densitycontoursandfreezingtemperature(at surfacepressure)areshownin greydashedlinesandin blue460

dashedlines,respectively.Meanpro�les of thesurroundingwaterareshownin grey,andthecoloursrepresenteacheddyup

to 90 metersdepthwith thecorepropertiesshownby thelargermarkers.b) showsthecore� -SA values,andin pink thecore

valuesof Eurasianeddiesfrom Zhao et al. (2014). Groupsof eddieswith similar � -SA curvesindicatingdifferentgeneration

processes:c) refreezingandconvection,d) advective-convectiveande)convectivecoldhalocline.

5 Conclusions465

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,

:::::::::::
corresponding

:::
to

::::
eight

::::::
distinct

::::::::::::
intrahalocline

::::::
eddies,

:::
one

:::
of

:::::
which

::::
was

:::::::
sampled

:::::
twice,

:
with radii of Rm :::

Rm = 6.09� 1.4km

and thicknesses ranging from 23 to 80m, 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 environmental470

background from which these eddies formed.

Our results show that IHEs locally alter the vertical strati�cation, shoaling the mixed layer by over 10m and affecting

the stability of the halocline. Their horizontal and vertical scales, together with Rossby numbers in the range 0.16 <Ro <

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 average 1.7km475

(25%) larger than those obtained using simpler transect-based methods. This correction is relevant because underestimating

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.

Althoughthegenerationmechanismsremainuncertain,the
:::
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 studiesshould480

incorporatehigherresolution(� 5
:::::
would

::::::
bene�t

::::
from

:::::::::::::::
higher-resolution

::::
(2–3km) , spatially distributed autonomous observa-

tions capable of resolving thelower endof themesoscale
:::::
typical

::
6 km

:::::
radius

::
of

::::::::::::
intrahalocline

:::::
eddies

::::
and

:::::::
allowing

::::::::
repeated

:::::::
sampling

::
of

:::::::::
individual

:::::::
features, in order to advance our understanding of the role ofIHEs

:::::::::::
intrahalocline

:::::
eddies

:
in central Arctic

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:485

Tippenhauer et al. (2023); ITPs: Toole et al. (2011); AOFBs: Stanton and Shaw (2023); ADCP Polarstern: Tippenhauer and Rex (2020)
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Appendix A:
:::::::::::::
Supplementary

:::::::
Figures

:::
for

:::
All

:::::::::
Identi�ed

::::::
Eddies490

::::
This

:::::::
appendix

:::::::
presents

:::
the

:::::::::
diagnostic

::::::
�gures

:::
for

::
the

:::::::::
remaining

:::::::::::
intrahalocline

::::::
eddies

::::::::
(E1–E7),

::::::::
following

:::
the

::::
same

:::::::
notation

::::
and

:::::::
structure

::
as

::
in

:::
the

:::::
main

::::
text.

::::::
Figure

:::
A1

:::::
shows

:::
the

::::::::::
eddy-centre

::::::::
detection

:::::
using

:::
the

:::::
MSV

:::::::
method.

:::::::
Figures

::::::
A2–A3

:::::::
provide

:::
the

:::::::::::
thermohaline

:::
and

:::::::
velocity

::::::::::::
cross-sections,

::::
and

::::::
Figures

:::::::
A4-A5

::::
show

:::
the

:::::::
vertical

:::::::
pro�les

::
of

:::::::::::
temperature,

::::::
salinity,

:::::::
density,

::::
and

::::::
velocity

:::
for

::::
each

:::::
eddy.

:

At leastoneof the(co-)authorsis amemberof theeditorialboardof OceanScience.495
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Figure A1.
::::::
Velocity

::::::
vectors

::
of

:::
the

:::::
eddies

::
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

::::::
velocity

::::::
(Vmax )

:::::::
location

:::
and

::
the

::::::
orange

:::
line

::::
show

:::
the

:::::::
distance

::::::
between

:::
the

::::::
location

::
of

:::
the

::::::
absolute

:::::::
smallest

:::::::
azimuthal

:::::::
velocity

:::::
(centre

::
of

:::
the

::::
eddy)

:::
and

:::::
Vmax .

:::
The

::::
blue

::::
circle

:::::
marks

:::
the

::::
inner

:::
part

::
of

:::
the

::::
eddy.

:
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