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Abstract. The Irminger Sea is one of the few places in
the North Atlantic where dense water masses are formed
through deep convection. In addition to atmospheric forc-
ing, wintertime convection in the Irminger Sea interior can
be impacted by the extent of restratification in the preced-
ing years. In the Irminger Sea, the cold central basin is con-
trasted to the Irminger Current (IC) which carries warm and
saline waters of subtropical origin. In this study, we investi-
gate the potential impact of the IC on restratification of the
Irminger Sea’s deep convection area (DCA), using one-year
output of a high-resolution regional model combined with
Lagrangian particle tracking. We release particles over the
upper 1500 m of the IC in the eastern Irminger Sea and track
them forward-in-time for six months. Of those particles,
39 % follow the boundary current circulation and 60 % en-
ter the interior Irminger Sea. Around 1 % leaves the Irminger
Sea through Denmark Strait and across the ridge to the Ice-
land Basin. From all particles released, about 26 % reach the
DCA, steered by mesoscale variability. In this model simula-
tion, the majority of those particles (95 %) enter the DCA in
the upper 1500 m of the water column. On their way to the
DCA, the IC waters cool and freshen but on average remain
lighter than waters in the DCA and therefore have the po-
tential to restratify the DCA. This westward spread of light
IC waters constrains the extent of the DCA to the western
Irminger Sea by enhancing the stratification in the eastern
part of the basin.

1 Introduction

The subpolar North Atlantic is one of the few regions in the
world’s oceans where dense water formation occurs through
ocean deep convection. Recent observations from the Over-
turning in the Subpolar North Atlantic Program (OSNAP)
have shown that during the observational time period from
2014–present deep convection in the Labrador Sea con-
tributes much less to the strength of subpolar overturning
than previously thought (Fu et al., 2023; Li et al., 2021;
Lozier et al., 2019; Petit et al., 2020). Instead, OSNAP ob-
servations have revealed that water mass transformation in
the Irminger Sea and Iceland Basin dominates the strength
of the Atlantic Meridional Overturning Circulation (AMOC)
at subpolar latitudes (Fu et al., 2023; Li et al., 2017; Lozier et
al., 2019; Petit et al., 2020). Recent studies have also identi-
fied the Irminger Sea as a key source of subpolar overturning
variability on interannual to decadal timescales (Chafik and
Holliday, 2022; Megann et al., 2021; Sanchez-Franks et al.,
2024; Tooth et al., 2023) with important implications for both
natural and anthropogenic carbon uptake (Fröb et al., 2016,
2018; Perez et al., 2018). Given these findings, it is critical
that we improve our understanding of the processes impact-
ing the strength of deep convection in the Irminger Sea and
its potential impact on the AMOC.

The hydrography in the Irminger Sea is characterized by
cold and relatively fresh water in the center of the Irminger
Sea, compared to the warm and saline Irminger Current (IC)
in the eastern part of the basin along the Reykjanes Ridge
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Figure 1. Schematic overview of the circulation in the Irminger
Sea. Yearly mean average sea surface temperature from the MIT-
gcm model simulation used in this study (shading) and model
bathymetry (contours) with a 500 m interval. Lime green line marks
the particle release line. Depicted currents are the East Reykjanes
Ridge Current (ERRC, dark green), the Irminger Current (IC, dark
purple) and the East Greenland Current (EGC, blue). The Irminger
Gyre (IG) is depicted in light purple. Grey circles mark the OSNAP
East mooring locations; black numbers indicate the IC mooring ar-
ray. The light blue hatched area schematically represents the deep
convection area (DCA) in the Irminger Sea.

(Fig. 1, Våge et al., 2011). Some IC waters branch off into the
northern part of the basin and exit through Denmark Strait
as the North Icelandic Irminger Current (e.g., Jónsson and
Valdimarsson, 2012). Most of the IC waters follow a cy-
clonic path towards the east Greenland coast and then flow
southward side-by-side to the East Greenland Current (EGC,
Fig. 1, Pickart et al., 2005). Some waters flowing southward
along the eastern side of Greenland recirculate back north-
ward with a cyclonic circulation, also known as the Irminger
Gyre (Lavender et al., 2000; Våge et al., 2011). Here, we fo-
cus on the IC on the western flank of the Reykjanes Ridge
to investigate whether warm and saline IC waters enter the
Irminger Sea interior, and if so, how they affect restratifica-
tion in the interior basin.

The IC has been observed with hydrographic moorings as
part of OSNAP East since 2014 (Lozier et al., 2017, 2019).
On average, the IC is a surface-intensified two-core current
with a weak southward flow in between the two cores at in-
termediate depth (De Jong et al., 2020; Fried et al., 2024a;
Fried and De Jong, 2022; Våge et al., 2011). The same stud-
ies show that its western core is relatively cold and fresh
compared to the warm and saline eastern core. In Fried et
al. (2024b), this difference in hydrographic properties was
attributed to the source regions (Irminger Sea and Iceland
Basin) of the waters they carry. The IC exhibits a strong in-
terannual transport variability that is related to the basin-wide
density gradient as shown by Fried and de Jong (2022) using
reanalysis data. So, both the water mass composition and the
variable strength of the IC might impact its effect on convec-

tion in the Irminger Sea. In this study, we will focus on the
impact of the different water mass properties carried by the
IC on the convection area rather than on the potential impact
of the IC’s interannual variability.

In general, convection can occur in basins with a cy-
clonic gyre circulation with doming isopycnals that brings
weakly stratified waters to the surface. During deep convec-
tion, strong surface buoyancy loss creates a gradually deep-
ening mixed layer. The main convection sites in the subpolar
gyre are the Labrador Sea and the Irminger Sea connected by
a region south of Cape Farewell (De Jong et al., 2012, 2018;
Fröb et al., 2016; Pickart et al., 2003, 2008; Pickart and Spall,
2007; Piron et al., 2016, 2017; Rühs et al., 2021; Yashayaev,
2007; Zunino et al., 2020). Here, we focus on the convec-
tion region in the Irminger Sea. Convection in the Irminger
Sea was first described by Nansen (1912). It occurs as open
ocean convection in its interior (De Jong et al., 2012, 2018,
2025; De Jong and De Steur, 2016; Piron et al., 2016; Våge
et al., 2011), and as slantwise convection at the boundary of
the interior Irminger Sea east of Greenland (Le Bras et al.,
2022).

In the Irminger Sea, convection can reach maximum
depths of around 1500 m (De Jong and De Steur, 2016) but
displays a strong year-to-year variability from 280–1500 m
(De Jong et al., 2025). The most recent and well-described
period of deep convection was the winter 2014–2015, when
strong atmospheric forcing resulted in mixed layers down to
1400 m (De Jong et al., 2018; De Jong and De Steur, 2016;
Piron et al., 2017). This intense deep convection persisted
in consecutive winters until 2018 (Fox et al., 2022; Zunino
et al., 2020). Since then, convection in the Irminger Sea has
been weaker mainly due to reduced atmospheric forcing (De
Jong et al., 2025).

The intensity of convection depends on the stratification
of the water column at the end of the summer but to a larger
extent on the surface buoyancy forcing in winter (De Jong
et al., 2012, 2018, 2025; Gelderloos et al., 2012; Marshall
and Schott, 1999; Pickart et al., 2003, 2008). Deep convec-
tion can be divided into three phases: the preconditioning,
the actual deep convection and the restratification (De Jong
et al., 2018; Gelderloos et al., 2011; Jones and Marshall,
1997; Marshall and Schott, 1999). The annual cycle of con-
vection consists of deep convection in winter, that together
with the circulation and Ekman pumping preconditions the
water column for convection the following winter (Marshall
and Schott, 1999). The restratification of the water column
after convection happens in spring and summer and works
against the preconditioning (De Jong and De Steur, 2016;
Nelson et al., 2024; Sterl and De Jong, 2022). The convection
area is restratified through surface buoyancy gain from solar
radiation and precipitation (De Jong et al., 2018; De Jong
and De Steur, 2016), and lateral advection of buoyant waters,
mostly originating from the boundary currents (Gelderloos
et al., 2011; Georgiou et al., 2019; Jones and Marshall, 1997;
Sterl and De Jong, 2022). So, as part of the restratification
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process boundary-interior exchanges can influence the inten-
sity of deep convection in the Irminger Sea.

This yearly cycle of stratification in the Irminger Sea also
exhibits a strong interannual variability as shown by Sterl and
de Jong (2022) using reanalysis data. While the upper 100 m
experience a strong seasonal cycle, the layer between 100–
600 m exhibits a strong interannual variability mainly related
to variability in convection. They further state that the in-
terannual variability in restratification has some correlation
to the variability in eddy kinetic energy (EKE) in the area
where warm and saline mesoscale eddies are shed off the IC.
Like the Labrador Sea, where the lateral buoyancy flux car-
ried by these mesoscale eddies contributes to restratification
after winter convection (Böning et al., 2016; Gelderloos et
al., 2011; Georgiou et al., 2019), the Irminger Sea might be
restratified by eddies. In the Labrador Sea, this impact of ed-
dies on restratification has been studied in more detail. There,
the warming of the interior waters after convection is a com-
bination of surface warming by the atmosphere after the win-
ter and the lateral heat exchange through eddies (Lilly et al.,
1999). Multiple studies find that these warm and saline ed-
dies are an important contributor to the restratification of the
interior Labrador Sea by compensating the annual mean heat
loss (Cuny et al., 2002; De Jong et al., 2014; Gelderloos et
al., 2011; Georgiou et al., 2019; Hátún et al., 2007; Katsman
et al., 2004; Kawasaki and Hasumi, 2014; Lilly et al., 1999).

As multiple studies point at the potential of the boundary
current to shed off eddies and with that influence restratifica-
tion in the Irminger Sea’s convection area (Fan et al., 2013;
Sterl and De Jong, 2022), we here investigate how much
of the buoyant IC water reaches the convection area in the
Irminger Sea with the potential to impact restratification. We
use forward-in-time trajectories of Lagrangian particles re-
leased in the upper 1500 m at the OSNAP IC moorings for
a maximum tracking time period of six months in a high-
resolution regional ocean model.

This paper is structured as follows: Section 2 describes the
details of the high-resolution model simulation, the model’s
representation of the circulation and the hydrography at OS-
NAP East, and the chosen Lagrangian particle tracking pro-
cedure. Section 3 investigates the downstream pathways of
the IC from the OSNAP IC moorings, considers the sensi-
tivity of the particle selection process and explores whether
entering the convection area depends on where along the re-
lease line particles were released. Based on an analysis of
only the particles entering the interior Irminger Sea, Sect. 4
explores the IC’s connection with the deep convection area
and its potential impact on restratification. Finally, Sect. 5
summarizes the results and limitations of this study, dis-
cusses the role of mesoscale eddies in bringing waters to-
wards the DCA and considers the relevance of the IC waters
for the extent of the deep convection area in the Irminger Sea.

2 Data and methods

2.1 MITgcm model simulation

To explore the contribution of the IC to the stratification
in the interior Irminger Sea, we use output from a high-
resolution regional ocean simulation performed with the
Massachusetts Institute of Technology General circulation
Model (MITgcm; Marshall et al., 1997). This regional setup
(described in full in Almansi et al., 2017) covers the east-
ern subpolar North Atlantic including the Irminger Sea, the
Iceland Basin and most of the Nordic Seas (47° W–1° E and
57–76° N). The horizontal resolution varies from 2 km in the
center of the model domain to 4 km at the edges. Thus, the
central Irminger Sea and the IC area are represented at a
resolution of around 2 km. In the Irminger Sea and the Ice-
land Basin, the resolution required to resolve the baroclinic
Rossby deformation radius is typically 1/8–1/16° (Hallberg,
2013, their Fig. 1). This corresponds to at least 3 km in the
Irminger Sea. With a horizonal grid spacing of 2 km, this
model configuration is eddy-resolving in the area of inter-
est. In the vertical, this MITgcm simulation has 216 levels.
The resolution increases linearly from 1 to 15 m in the first
120 m and is 15 m at deeper levels. At the surface, the model
is forced with the Arctic System Reanalysis forcing (ASR-2;
Bromwich et al., 2018), which has a 15 km horizontal res-
olution. As performing a simulation at such high resolution
requires substantial computing capacity and data storage, its
length was limited to a one-year period from 1 September
2007 until 31 August 2008. All model output was saved
at 6-hourly intervals and is publicly available via SciServer
(Medvedev et al., 2016; Taghizadeh-Popp et al., 2020). In
this study, we use the data for velocity in three dimensions,
temperature and salinity data. The model output was anal-
ysed using the OceanSpy v0.1 python package (Almansi and
Gelderloos, 2019).

2.2 Model validation in the Irminger Sea

For a basin-wide validation of this simulation, we evalu-
ated the model’s surface circulation, the eddy kinetic energy
and the mixed layer depth in the Irminger Sea (Fig. 2). The
model’s mean circulation is averaged over the upper 1500 m
and displayed together with the one-year averaged sea sur-
face height (SSH, Fig. 2a). All surface currents, the EGC,
the IC and the Irminger Gyre, are well represented in this
model simulation as also shown by earlier studies (Almansi
et al., 2017, 2020; Foukal et al., 2020; Gelderloos et al., 2017,
2021; Haine, 2010; Håvik et al., 2019; Koszalka et al., 2013;
Magaldi et al., 2011; Saberi et al., 2020; Von Appen et al.,
2014). Overall, the mean circulation follows the lines of con-
stant SSH. The model simulation reproduces a two-core IC
in the eastern Irminger Sea with a strong northward branch
of the Irminger Gyre in the center (Fig. 2a). On the western
side along the east Greenland shelf, the mean flow averaged
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Figure 2. Circulation, eddy kinetic energy and mixed layer depth in the Irminger Sea from the MITgcm model simulation. (a) One-year mean
sea surface height (SSH, shading) with overlaid one year-averaged circulation over the upper 1500 m (arrows) from the model simulation.
Velocities smaller than 0.1 ms−1 are indicated by black arrows, larger velocities by white arrows; we only plot every 8th latitude grid point
and every 4th longitude grid point. (b) One-year mean eddy kinetic energy computed from the daily fields compared to the 10 d running
mean (shading) with bottom topography (white contours). (c) February mixed layer depth (shading), model bathymetry (black contours) and
the 1500 m-contour line of the mixed layer depth (thick turquoise line). In all subpanels the green line marks the particle release line along
the OSNAP IC mooring array for reference.

over one year follows the bathymetry as the IC, with the EGC
on the shelf (Fig. 2a). The mean circulation does not exhibit
a direct pathway from the release location in the IC towards
the DCA. Instead, the mean flow in between the DCA and
the IC is directed northward. In the following sections, we
will investigate how waters still enter the DCA. In addition,
this simulation shows two times higher eddy kinetic energy
along the western side of the Reykjanes Ridge compared to
the central Irminger Sea (Fig. 2b), which agrees with obser-
vations (Fan et al., 2013; Volkov, 2005), and hints to strong
mesoscale activity in the eastern Irminger Sea.

Buoyant IC water contributes to restratification after deep
convection only if it reaches the DCA and still carries a pos-
itive buoyancy anomaly. Therefore, we validate the location
of the DCA based on the mixed layer depth (MLD). We com-
pute the mixed layer depth from the monthly fields using a
0.003 kgm−3 difference in density with respect to a model
density at a reference depth of 17 m. This density differ-
ence criterion is much smaller than values typically applied
in global analysis (0.03 kgm−3 as in de Boyer Montegut et
al., 2004), as these less stringent criteria are not appropriate

for the weakly stratified waters in the Irminger Sea. A study
by Paquin et al. (2016) with a slightly coarser spatial reso-
lution in the Irminger Sea used a density difference criterion
of 0.01 kgm−3. The fact that we use an even smaller crite-
rion is related to the higher spatial resolution of this simula-
tion (2 km in the central Irminger Sea) combined with a high
vertical resolution. We chose the reference depth just below
the surface to avoid an imprint of the diurnal surface mixed
layer changes that the model simulation resolves due to its
high-temporal resolution, as explained in Rühs et al. (2021).
The resulting MLD matches observations in spatial extent
and depth to a large degree. In this simulation, the deepest
mixed layers occur in February (Fig. 2c) in the center of the
Irminger Gyre.

The model simulation is then validated at the location of
the OSNAP East mooring array, to verify that the model re-
produces the IC’s two-core structure with a realistic east/west
gradient in salinity and temperature (the western core being
colder and fresher than the IC’s eastern core, e.g. De Jong et
al., 2020; Fried et al., 2024a; Fried and De Jong, 2022; Våge
et al., 2011). Slight differences between this simulation and
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Figure 3. Simulated IC properties at the OSNAP East section. (a) One-year average velocity section across OSNAP East (shading) with
one-year average isopycnals (contours). The OSNAP array is marked by grey dots in Fig. 1. IC-mooring locations are marked with black
vertical lines and mean locations of western (W) and eastern (E) IC core with black horizontal lines; (b) as (a) but for potential temperature
with isotherms (white contours); (c) as (a) but for practical salinity with isohalines (white contours). (d) Potential density section along
OSNAP East for February (shading), corresponding isopycnals (black contours) and mixed layer depth (MLD, white line). Dashed black line
in (a) marks the particle release area.

the observations can be expected due to the much higher spa-
tial resolution in this model simulation compared to the OS-
NAP mooring array. Also, the IC’s structure could have been
different during the chosen model year (2007–2008 model
simulation versus 2014–2022 observations).

Figure 3 shows sections of one-year average across-
section velocity, potential temperature, practical salinity and
potential density from the simulation at OSNAP East. For
easier reference to observations, we added the location of
the hydrographic moorings observing the IC within the OS-
NAP program as vertical lines (IC0–IC4 from west to east).
In the model, we find a strong northward flow with surface-
intensified velocities between IC2 and IC4 that can be iden-
tified as the eastern IC core (Fig. 3a). Between IC1 and IC2
the model produces southward velocities in line with obser-
vations, but over a slightly wider area (De Jong et al., 2020,

their Fig. 2). In the model data, the western IC core is vis-
ible between mooring locations IC0 and IC1. The fact that
its position is slightly shifted compared to its location re-
ported based on observations is not unexpected, as we know
from observations that the western IC core displays strong
spatial and temporal variability (De Jong et al., 2020; Fried
and De Jong, 2022). Therefore, moorings cannot always cap-
ture a westward shift of the IC and therefore its strength
and location could be underestimated by mooring observa-
tions. Further west, the northward flow in the center of the
Irminger Sea between 40–37.5° W (Fig. 3a) is known as the
main northward branch of the Irminger Gyre from observa-
tions (Fig. 1). The strong southward flow at the western side
of the basin is the EGC/IC. The currents along the OSNAP
East section are in the correct position compared with obser-
vations and show a realistic strength (Daniault et al., 2016;
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Duyck and De Jong, 2021; Le Bras et al., 2018; Våge et al.,
2011).

The simulated hydrography of the Irminger Sea along OS-
NAP East (potential temperature and salinity) is shown in
Fig. 3b and c, respectively. Warmer and more saline waters
dominate the eastern part of the basin (> 7 °C, 35.1 PSU).
The central Irminger Sea is characterized by relatively colder
and fresher water with seasonally outcropping isopycnals in
the convection area between 40–39° W. The strong salinity
minimum (34.9 PSU) in the central Irminger Sea reaching
down to 1000 m depth marks convectively formed waters.
The simulated hydrography in the upper 1500 m along OS-
NAP East and the lateral gradient compare well to long-term
averages from observations (Fried et al., 2024a, b; Fu et al.,
2023; Våge et al., 2011). We note here that the model has
shortcomings in correctly reproducing deep overflows along
the OSNAP East line. Both the deep salinity maximum asso-
ciated with the Iceland Scotland Overflow Water (Fogelqvist
et al., 2003; Fu et al., 2023; Lozier et al., 2019; Våge et
al., 2011) and the temperature minimum associated with the
Denmark Strait Overflow Water (Dickson and Brown, 1994;
Våge et al., 2011) are less pronounced in this model simula-
tion compared to observations.

Lastly, we show a section of potential density with the
corresponding mixed layer depth (white line) in February,
the month with the deepest mixed layers in this simula-
tion (Fig. 3d). As already shown with the spatial extent
of the MLD (Fig. 2c), the deepest mixed layers occur be-
tween 41.5 and 39.5° W in the vicinity of the Irminger Gyre.
There, isopycnals are outcropping and water convects down
to around 2000 m. Even though the location is comparable
to observations we want to note here that the model over-
estimates the MLD according to observations (De Jong and
De Steur, 2016; Pickart et al., 2003; Rühs et al., 2021; Våge
et al., 2011), maybe related to the deviations in representing
the overflow waters. As our following analysis focusses on
the upper part of the water column to study the pathways of
the main velocity core of the IC and not the convection itself,
we consider the location of the DCA more important than
the actual depth of the mixed layer. Nevertheless, it should
be kept in mind, when interpreting the results.

In summary, we conclude that this simulation is suitable
for the purpose of our study as it reproduces the northward
flowing two-core IC, as well as the gradient in the temper-
ature and salinity field across the Irminger Sea. In addition,
this simulation offers the high spatial and temporal resolu-
tion to resolve mesoscale activity and represents the location
of the deepest mixed layers well, which is required for this
study.

2.3 Lagrangian particle seeding strategy

To find out whether waters from the IC enter the interior
Irminger Sea and potentially the deep convection area, we
evaluated numerical particle trajectories in the MITgcm sim-

ulation calculated using the 3D-particle tracking algorithm
presented in Koszalka et al. (2013) and Gelderloos et al.
(2016). We released particles in the first six months of the
simulation, between 1 September 2007 and 13 February 2008
and track them for six months. Previous tests revealed that a
tracking time period of six months is enough for particles
to spread through entire Irminger Sea basin (not shown). In
each month, we released a five-member ensemble of particles
with three days in between individual ensemble members.
This choice to release every three days accounts for intra-
seasonal variability whilst remaining below typical storm fre-
quency. Accordingly, we released on every 1st, 4th, 7th, 10th,
and 13th day of the month. To be able to link our results
to available observations of the IC, we released the particles
along the OSNAP IC mooring line every 2 km between 35
and 31° W. Particles were released with a 50 m depth interval
in the vertical, to resolve the vertical structure in velocity and
hydrography (Fig. 3). The focus is on the upper 1500 m, in
order to capture the main velocity structure of the IC and the
part of the water column that is affected by convection and
restratification (dashed rectangle in Fig. 3a).

In this way, we released 3601 particles per ensemble mem-
ber, which yields a total number of 108 030 released parti-
cles. We tracked the particles forward-in-time and recorded
their positions every 6 h. In addition, we recorded their tem-
perature and salinity along the track based on the property
fields of the model simulation.

3 Pathways of the Irminger Current downstream from
the OSNAP IC moorings

To explore the fate of the IC waters downstream from the
OSNAP IC moorings, we categorize the particles according
to their differing pathways and end locations. Focussing on
the interior Irminger Sea pathways, we then study the IC’s
potential impact on restratification processes in the Irminger
Sea’s convection area.

3.1 Particle classification

Based on where the numerical particles exit the domain and
whether they stay in the boundary current or enter the inte-
rior, we first split the particles into four categories: Denmark
Strait (DS), Iceland Basin (IB), Irminger Current (bound-
ary current, BC) and interior Irminger Sea (iIS). As we are
interested in restratification processes in the Irminger Sea,
we do not focus on the small number of particles leaving
the Irminger Sea through DS (defined as particles that cross
22° W north of 66° N, black line in Fig. 4a; 0.2 %), and
across the Reykjanes Ridge to the IB (defined as particles
that cross the Reykjanes Ridge towards the east, dashed green
line Fig. 4b; 1 %) within the considered 6-months tracking
time period. Particles leaving through Denmark Strait did
not re-enter the Irminger Sea. Since the exchange across the
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Figure 4. Particle density maps of particles released at the OSNAP IC moorings. Particle density distribution for (a) Denmark Strait particles
and (b) Iceland Basin particles. The pink line marks an example particle track and the orange line the release line. Dashed black line in
(a) and green dashed line in (b) geographically mark the selection criterion for DS and IB respectively. Particle density distribution for
(c) interior and (d) boundary current with example particle tracks (green) and interior Irminger Sea definition (dashed line); release line is
marked in greyish blue. (e) DCA particles and (f) non-DCA particles with example particle tracks (green), contours defining the interior
Irminger Sea (dashed line) and the DCA (blue); dark blue line marks the particle release line. Note the different colorbar limits are used for
(a, b) compared to (c–f) because of the large difference in particle amount per grid box.

Reykjanes Ridge is very variable (Fried et al., 2024b), to be
counted as IB particles, they need to remain on the eastern
side of the ridge for at least 40 consecutive days.

The remaining particles (∼ 99 %) are classified as either
interior Irminger Sea (iIS) or boundary current (BC) parti-
cles, based on whether they cross a closed contour defined
using the model bathymetry. The western boundary of the
interior Irminger Sea region (dashed line in Fig. 4c and d) is
defined using the smoothed 2000 m isobath off the east coast
of Greenland, with its northernmost point at 64.5° N. Prelim-
inary tests using different isobaths showed that this choice
for the interior-region best separates the particle trajectories
in the boundary current flow from those reaching the interior
by visual inspection (see Sect. 3.2 for additional information
on the sensitivity of the particle classification to this choice).
The eastern boundary of the region is defined as a straight
line that runs parallel to the Reykjanes Ridge from the above

northernmost point to the western end of the particle release
line. The OSNAP East line is taken as the southern boundary
of the interior region. Particles are considered as iIS when
they pass this closed contour, irrespective of the time they
spend in the interior. Particles classified as iIS enter the inte-
rior region at least once but can leave the interior region again
after they entered (example track Fig. 4c). Particles classified
as BC never reach the interior region.

Based on these selections we show particle density maps
for each category in Fig. 4. Particle locations were binned
to boxes spanning 0.25° in longitude and 0.125° in lati-
tude and were counted for every occurrence within a certain
box. As mentioned earlier, within six months 0.2 % of parti-
cles released at OSNAP IC moorings leave the Irminger Sea
through Denmark Strait. Most of these DS particles closely
follow the western flank of the Reykjanes Ridge, following
the eastern IC core as a main pathway (Fig. 4a). The example
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particle track (pink line) follows the strong northward flow
of the eastern IC core until it leaves the Irminger Sea through
Denmark Strait.

For particles categorized as IB particles, we also find the
highest particle density along the Reykjanes Ridge (Fig. 4b).
Within the half-year tracking time period these particles
spread into the interior Iceland Basin, but the majority stay
near the ridge north of the release location and partly also
south of the release line. Some particles re-enter the Irminger
Sea after spending 40 d in the Iceland Basin, which highlights
the exchange between the two basins across the Reykjanes
Ridge north of the release location.

As we are interested in boundary-current-to-interior trans-
port in the Irminger Sea, we focus our analysis on particles
that either belong to the BC (39 %, Fig. 4c) or the iIS cat-
egory (60 %, Fig. 4d). From the release location, particles
spread west towards the interior Irminger Sea (Fig. 4c). The
example track first follows the boundary circulation north-
eastward and enters the interior region just north of 63° N,
where it gets caught in a mesoscale eddy. It then re-enters
the boundary current. This example track illustrates that the
strong exchange between the interior Irminger Sea and the
boundary current circulation in both directions.

For the BC particles we find a high particle density close to
the top of the Reykjanes Ridge, mostly following the eastern
IC core northward (Fig. 4d). The example particle is released
in the eastern IC core and stays in the eastern IC core going
north-eastward. Along the east coast of Greenland, it follows
the circulation of the IC along the shelf break.

Buoyant IC water contributes to restratification after deep
convection if it reaches the DCA and still carries a positive
buoyancy anomaly. So, we now investigate whether iIS par-
ticles reach the DCA. As the deepest mixed layers in this
model simulation occur in February (Figs. 2c and 3d), we use
the spatial extent of the deep mixed layers in that month to
define the DCA. We use the 1500 m MLD contour (blueish
line Fig. 2c), which resembles best the area of deepest ob-
served mixed layers (e.g. Rühs et al., 2021, and references
therein). Here, we only include the part of the DCA north of
OSNAP East (Fig. 4e and f). We use the defined DCA con-
tour to further subdivide all interior particles (iIS, Fig. 4c)
into particles that enter the convection area (DCA particles,
Fig. 4e) and those that stay outside of the convection area
(non-DCA particles, Fig. 4f). Similar to the BC particle defi-
nition, non-DCA particles never enter the DCA, while DCA
particles may leave the DCA again after they entered. From
all particles released within the six months tracking time pe-
riod, 26 % reached the DCA (Fig. 4e) and 34 % stayed out-
side the DCA in the interior Irminger Sea (Fig. 4f). DCA par-
ticles appear in the entire region defined as interior Irminger
Sea but show a high particle density in the eastern interior
basin (Fig. 4e). Non-DCA particles stay, by definition, in the
eastern part of the basin (outside of the DCA) and can re-
enter the boundary current after spending time in the interior
(Fig. 4f). Both example particle tracks show strongly eddying

pathways. Comparing panel (e) and (f) in Fig. 4, non-DCA
particles follow the mean northeastward velocity field of the
boundary current while the DCA particles tracks have a clear
westward component that cannot be immediately linked to
the one-year averaged flow field (see Sect. 5 for a more de-
tailed discussion on the pathways).

3.2 Sensitivity of particle classification to the
definitions of the interior region and DCA

The outcomes of categorizing the particles are sensitive to the
choices made in defining the interior region and the DCA.
Here, we discuss how robust those numbers are to slight
changes in the various criteria applied.

For the two categories of particles that leave the Irminger
Sea through Denmark Strait and into the Iceland Basin,
which add up to only around 1 % of all particles released, the
categories were defined geographically. The number of DS
particles is very robust to changes in the line chosen (black
line Fig. 4a). Moving the line west or east from the chosen
longitude of 22° W did not significantly change the number
of particles leaving through DS. Likewise, the number of par-
ticles classified as IB is robust to the chosen 40 d residence
time in the Iceland Basin and does not significantly change
with small changes (±5 d) to the 40 d. This number is based
on a previous study on pathways of the IC showing that par-
ticles need a maximum of 50 d to travel the distance between
the Irminger Sea and the Iceland Basin across the Reykjanes
Ridge (Fried et al., 2024b). In this study, the 40 d residence
time appears long enough to separate IB particles from those
returning to the Irminger Sea (green dashed line Fig. 4b).

The further split of the remaining particles into BC and
iIS is more sensitive to the choice of the definition of the in-
terior region boundaries. As mentioned earlier, particles are
considered as iIS when they pass this boundary without con-
sidering the time they spend in the interior. This is motivated
by the expectation that requiring a minimum residence time
in the interior to be counted as iIS particles is largely equiv-
alent to defining a smaller interior region, as the longer par-
ticles stay in the interior the farther, they can travel from the
chosen boundary. Therefore, instead of testing the sensitivity
of the particle classification to moving the boundary region
of the interior inwards, we tested against introducing a min-
imum residence time using the contour outlined in Fig. 4c.
With the requirement of a residence time of 10 consecutive
days, the number of particles counted as entering the interior
reduces from 60 % to 48 %. Even though this is a reduction
of 12 %, we decided to not use any time criterion. The reduc-
tion when using a time criterion can be seen as like applying
a contour line of a smaller region. Without a time criterion we
got a clear (visual) separation into iIS and BC particles that
gets less clear when introducing a time criterion. Neverthe-
less, the outcome that percentages of interior and boundary
current particles are sensitive to the chosen interior bound-
aries should be kept in mind when interpreting the results.
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The further split of the iIS particles into DCA and non-
DCA appears not very sensitive to the chosen MLD depth to
define the DCA. We tested the outcomes against two different
depths (1400 and 1600 m compared to the chosen 1500 m),
that based on Fig. 2c would still characterize the deep mixed
layers along the OSNAP East section. Even with a stricter
choice, e.g. the 1600 m depth contour, many particles re-
leased at the OSNAP IC moorings reach the DCA (1600 m:
23 % DCA; 1500 m: 26 % DCA 1400 m: 37 % DCA).

In conclusion, when using a time criterion or a smaller re-
gion more of the iIS particles could be counted as BC par-
ticles as some only show a short excursion to the interior.
As those particles mostly stay in the non-DCA region they
will not have a large impact on restratification in the DCA.
Those short excursions are likely related to the strongly me-
andering circulation in the interior Irminger Sea. The number
of DCA particles is less sensitive to the choice of the DCA
based on different MLD contour lines, and therefore inter-
pretations based on that number are more robust.

3.3 The importance of the release location within the
IC

In the previous section we focused on particle density maps
without distinguishing at which location along the release
line particles were released. In the horizontal, the IC can be
divided into western and eastern velocity cores that are both
surface-intensified (Fig. 3a, De Jong et al., 2020; Fried et
al., 2024a; Våge et al., 2011). The IC’s eastern core is more
buoyant than the western core (Fig. 3b and c). If waters from
the eastern core enter the DCA, they could potentially con-
tribute more (per volume unit) to restratification than parti-
cles from the western IC core. In the vertical, we also find
a density gradient in the IC (Fig. 3b–d). Particles released at
different depths would therefore carry different hydrographic
properties too. Accordingly, it is relevant to assess whether
particles in a particular category (BC, iIS, DCA, non-DCA)
originated from a certain depth or a certain longitude. In the
following, we thus investigate these links between the release
location/depth and particle category.

Figure 5 shows the results in terms of volume transport,
where the volume transport assigned to each particle is given
by the product of its initial velocity and the fractional area
of the model grid cell face at which the particle is released
(e.g. Fröhle et al., 2022; Schmidt et al., 2021). In practice,
this is achieved by interpolating the Eulerian velocity field
at the time of release onto a new grid, which consists of one
grid cell per particle released in the upper 1500 m. Since each
particle is now located at the centre of a grid cell, its volume
transport (which we assume to be conserved along its entire
trajectory) is given by Vp = (vpdxpdzp) where vp is the ini-
tial Eulerian meridional velocity and (dxpdzp) is the grid cell
area associated with a particle p. We find close agreement
between the upper 1500 m volume transport calculated using
the original and regridded Eulerian velocity fields (compare

Fig. 5a to Fig. 3a), indicating that this is a feasible method to
estimate the volume transports associated with each circula-
tion pathway.

To understand whether there is a connection between the
location where a particle is released (vertically and horizon-
tally) and its final categorisation, we next split these volume
transports into those that enter the interior and those that
stay in the boundary current (Fig. 5b and c). As the DS and
IB particles also follow the BC circulation and are only a
very small number, we combined those with the BC parti-
cles. Note that red colors correspond to northward and blue
to southward transport. The only small difference between
the iIS and BC particles is that particles released in the east-
ern part of the section (around 31.5° W) follow the BC and
do not enter the iIS (Fig. 5c). For particles entering the iIS
we find slightly higher volume transports in the western IC
core around 34° W, suggesting that particles released here are
more likely to enter the iIS (Fig. 5b). The further split of the
iIS particles into DCA and non-DCA particles reveals that
more non-DCA particles originate from the eastern IC core
(Fig. 5d and e). This implies that the seeding location is rele-
vant when considering whether a particle enters the iIS (and
DCA or non-DCA) or stays in the BC.

Lastly, we show the absolute volume transport as a vertical
sum for all categories to clarify any longitudinal dependen-
cies (Fig. 5f). More waters enter the interior Irminger Sea
and the DCA from the western IC core than from the eastern
IC core. Particles following the boundary current (green line
Fig. 5f) mostly originate from the eastern core (68 %, east
of 32.7° W, see dashed line Fig. 5) and only 32 % from the
western core (west of 32.7° W). Of those entering the interior
(dark blue line Fig. 5f), 57 % were released in the western IC
core and only 43 % in the eastern core. The further separa-
tion of the interior particles into DCA and non-DCA parti-
cles again reveals the difference with more non-DCA par-
ticles originating from the eastern IC core (orange and light
blue line Fig. 5f). For the particles entering the DCA, the ma-
jority was seeded in the western IC core (65 %). Therefore,
waters from the IC’s western core could potentially have a
stronger influence on the restratification in the DCA. In sum-
mary, we could not find a connection between particle release
depth and a specific category. Instead, there is a connection
between the longitudinal release location and the particle cat-
egory.

To explore whether the water mass properties of those par-
ticles entering the DCA can restratify the Irminger Sea inte-
rior, we will shift the focus to the water mass properties in
the Lagrangian framework in Sect. 4.

4 On the impact of the IC on the deep convection area

From the temperature and salinity sections across the
Irminger Sea (Fig. 3b–d) we know that waters become
increasingly more buoyant eastwards from the DCA and

https://doi.org/10.5194/os-22-1763-2026 Ocean Sci., 22, 1763–1780, 2026



1772 N. Fried et al.: The Irminger Current water and its impact on the convection region

Figure 5. Volume transport of particles along the release line. Binned particles per volume transport along the release line for all particles (a),
interior Irminger Sea particles (iIS, b), boundary current particles (BC, c), deep convection area (DCA, d) and outside of the deep convectio
area (non-DCA, e). The volume transport assigned to each particle is given by the product of its initial velocity and the fractional area of the
model grid cell face at which the particle is released. Not that colorbar limits differ for the different panels. (f) Absolute volume transport
[Sv] along the release line split into BC (green) and iIS (dark blue). The iIS is then also split into DCA (orange) and non-DCA (light blue).
The black dashed line in all panels marks the separation between western and eastern IC core.

therefore could potentially restratify the convection area. In
Sect. 3 we showed that 26 % (5.9 Sv) of the particles re-
leased at the OSNAP IC moorings reach the DCA within
six months. However, it is important to understand how their
properties evolve along their pathways towards the DCA, and
how much of their buoyancy remains upon entering.

To investigate this, we first compare T/S properties of par-
ticles at the release location in the IC (red) to those once
they enter the DCA (blue, Fig. 6a–c). Particles are binned
to 0.005PSU× 0.1°C boxes and are color-coded by volume
transport. We show the results for the whole IC (Fig. 6a) and
the respective results for eastern and western core (Fig. 6b
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Figure 6. (a–c) Binned T -S properties of particles at their release location (a total IC, b eastern core, c western core) compared with those
when they subsequently enter the DCA. Net volume transport distribution of DCA-bound particles in discrete potential temperature–salinity
coordinates. Red coloured regions show T -S properties of particles upon their release in the IC. Blue coloured regions show properties on
first entering the DCA. Contours mark the corresponding isopycnals. The green dot represents the time-mean T -S properties of the DCA
during February in the model. The yellow and pink dots represent the mean T -S properties of particles on first entering the DCA for the
eastern and western core, respectively. (d–f) Probability density as a function of potential density (d), salinity (e) and temperature (f) at
DCA entry for eastern (yellow) and western (blue) IC core. Probability density functions are estimated using kernel density estimation with
Gaussian kernels. The dashed line represents the model’s averaged DCA properties in February as a reference value.
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and c). Next to losing heat to the overlying atmosphere, we
find that on their way towards the convection area, parti-
cles lose heat and salt to the surrounding waters and with
that likely contribute to changes in the stratification outside
of the main convection area (Fig. 6a). The change in tem-
perature and salinity on their way to the DCA is higher for
particles released in the eastern IC core (1S =−0.05 PSU,
1T =−0.78°C, Fig. 6b) than for those released in the west-
ern IC core (1S 5−0.01 PSU, 1T =−0.33°C, Fig. 6c).

To explore the potential of IC waters for restratification in
the convection area, we show the average mixed-layer prop-
erties of the DCA for February (green dot in Fig. 6a), the
month with strongest convection in this simulation (Fig. 2c).
As temperature and salinity within the DCA exhibit little
variation (3.59± 0.02 °C and 34.95± 0.001 PSU), we show
the model average over the whole DCA and from the sur-
face to the MLD. In addition, we show the averaged prop-
erties of eastern (yellow) and western (pink) IC core on en-
try to the DCA. When entering the DCA, both cores remain
more buoyant compared to the average mixed-layer proper-
ties (Fig. 6a) and therefore contribute to the restratification.

To clarify the contribution from temperature and salinity
in terms of buoyancy, we show the probability density distri-
bution for density, salinity and temperature for both the east-
ern (yellow) and the western (blue) IC core (Fig. 6d–f). No-
tably, we find that in this model simulation more than 95 %
of the particles reaching the DCA within six months arrive
in the upper 1500 m and hence enter the part of the water
column relevant for convection in winter (see DCA MLD
definition in Figs. 2c and 3d). When entering the DCA, both
cores have a similar density of∼ 27.63 kgm−3 that is slightly
lighter than the mixed-layer average properties of the DCA
(dashed line, Fig. 6d). The higher (lower) salinity in the east-
ern (western) core is compensated for higher (lower) tem-
peratures (Fig. 6e and f). Particles sourced from both cores
share strikingly similar densities on arrival into the DCA. So,
when only considering density of both cores, they could have
a similar impact on the DCA. But as more particles enter
the DCA from the western core (65 %), the western core has
greater potential to impact on restratification. Due to the large
changes in properties on approach to the DCA, the eastern
core (Fig. 6b) is likely to have a stronger impact on the strat-
ification outside of the DCA than the western core (Fig. 6c).
We want to note here again that this simulation has a slight
bias related to the correct representation of the overflow wa-
ters. Especially in the convection region, this could have an
impact on the whole water column and therefore impact the
mean DCA properties (green dot Fig. 6). This should be kept
in mind when interpreting the results.

To summarize, within six months around one quarter of
the particles released at the OSNAP IC moorings reach the
DCA, mostly from the western core. As they are more buoy-
ant than the average DCA properties during convection, the
warm and saline IC waters can contribute to the stratification
in the eastern Irminger Sea and to restratification in the DCA.

5 Discussion and conclusion

Due to the significant role of deep convection in the Irminger
Sea, understanding the cycle of convection and restratifica-
tion is important in a broader overturning context. In this
study, we investigated the IC’s potential contribution to re-
stratification in the Irminger Sea. To do so, we evaluated the
forward-in-time trajectories of Lagrangian particles released
in the upper 1500 m of the IC at the OSNAP IC moorings in
a high-resolution (up to 2 km) regional ocean model.

As a summary of our results, Fig. 7 shows the percentages
and summed volume transports of the particles in each cate-
gory. From the 108 030 (100 %, 22.2 Sv on average) particles
released, a small number leaves the Irminger Sea through
DS (0.2 %) and to the IB (1 %). Within the 6-month advec-
tion period, the overwhelming majority of particles (∼ 99 %)
circulated within the Irminger Sea where they can be di-
vided into two main groups based on their circulation pattern.
While 39 % (8.9 Sv on average) of all particles released at the
OSNAP IC moorings follow the boundary current circula-
tion, 60 % (13.4 Sv on average) enter the interior Irminger
Sea. Approximately 44 % of these interior particles reach
the DCA (26 % of all particles released, 5.9 Sv on average)
with a potential to add to the restratification there, and the
other half (34 %, 8.6 Sv) reach the interior but remain outside
of the DCA (non-DCA), likely restricting convective poten-
tial there. Of those entering the DCA, 4.0 Sv originate from
the western IC core (65 % of all DCA particles). As waters
sourced from both cores have similar densities upon enter-
ing the DCA, the western IC core has a greater potential to
restratify the DCA.

This study further shows that particles released at the OS-
NAP IC moorings do primarily circulate within the Irminger
Sea during the 6-month advection period considered. As
we do not find a high number of particles exiting through
Denmark Strait in this simulation (< 1 %), waters feed-
ing the North Icelandic Irminger Current (e.g., Jónsson and
Valdimarsson, 2012) likely originate from another source re-
gion. Possibly, these are waters from the Iceland Basin that
enter the Irminger Sea north of the chosen release location
(Koman et al., 2020). A study adopting a different seeding
strategy, for example releasing particles along the Reykjanes
Ridge or backtracking from the North Icelandic Irminger
Current, could further explore this.

We found enhanced EKE along the entire western side of
the Reykjanes Ridge, around the western IC core and the
whole northeastern part of the interior region (Fig. 2b). The
particle tracks entering the interior and the DCA also re-
vealed strongly eddying features, in line with this enhanced
EKE (see example tracks Fig. 4). It appears that in this sim-
ulation, in contrast to the mean flow, the instantaneous flow
is directed westward regularly. Potentially this flow is caused
by mesoscale variability, probably eddies that are shed off the
IC’s western core, and results in a high number of particles
entering the DCA from the east. To support this, we addi-
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Figure 7. Schematic showing the percentages and volume trans-
ports of the particle classification in various categories; Denmark
Strait (DS) particles leave the Irminger Sea through Denmark Strait,
Iceland Basin (IB) particles spend more than 40 d in the Iceland
Basin, Boundary Current (BC) particles follow the cyclonic bound-
ary current and never enter the defined interior Irminger Sea region
and Interior particles do enter the interior Irminger Sea. A second
selection step further subdivides these interior Irminger Sea parti-
cles into those entering the Deep Convection Area (DCA, compare
Figs. 2c and 4) and those staying outside of the defined DCA (non-
DCA). Note that these volume transports represent the time-mean
absolute volume transport released within six months across the
OSNAP IC section. In the background, the February mixed layer
depth (shading), model bathymetry (grey contours) and the 1500 m-
contour line of the mixed layer depth (thick turquoise line). The
pink line marks the particle release line along the OSNAP IC moor-
ing array for reference.

tionally show two example monthly velocity fields (Septem-
ber, Fig. 8a; May, Fig. 8b) together with the related SSH.
Those two maps show increased SSH together with anticy-
clonic circulations that resemble eddies in between the IC
and the DCA. Those eddies appear throughout the year (not
shown) and could be the mechanism to bring waters from the
IC towards the DCA as already proposed by earlier studies
(e.g., Sterl and De Jong, 2022). Those anticyclonic eddies
could bring warm water in the center of the eddy (elevated
SSH in the center, Fig. 8) towards the DCA. So, the instan-
taneous flow field that is impacted by mesoscale variability
is the likely mechanism to bring water from the IC towards
the interior Irminger Sea and the DCA. Enhanced EKE in the
eastern Irminger Sea has already been reported by observa-
tional studies (Fan et al., 2013; Volkov, 2005) and has been
proposed as a mechanism to bring buoyant boundary current
water to the deep convection area in the Irminger Sea (Sterl
and De Jong, 2022). Especially along the OSNAP East line,
a recent study using mooring data from the IC array showed
that the intensity and location of the western IC core is influ-
enced by mesoscale eddies (Fried and De Jong, 2022). Our

study strengthens the argument of mesoscale variability be-
ing a driver to bring boundary current waters into the DCA.

We found that the IC likely contributes to restratification
in both the eastern interior Irminger Sea and the DCA. This
is because, although particles lose buoyancy on leaving the
boundary current, they reach the DCA lighter than the av-
erage February properties of the convection area and hence
represent a source of buoyancy for the upper water column.
Using a high-resolution ocean ice-model, Paquin et al. (2016)
showed that convection in the Irminger Sea is mainly driven
by atmospheric forcing (especially by Greenland tip jets) but
to a second order by preconditioning of the water column.
In their simulation, this preconditioning is in turn strongly
linked to the restratification after deep convection the previ-
ous year(s). Paquin et al. (2016) further find a strong inter-
annual variations in the density structure of the gyre which
seems to be wind-driven but also to a large degree impacted
by the lateral buoyancy fluxes due to mesoscale activity. This
agrees with our results that showed that likely mesoscale ac-
tivity brings buoyant IC water into the convection area. Our
findings are also in line with several studies focussing on re-
stratification and convection in the Labrador Sea (Böning et
al., 2016; Gelderloos et al., 2011; Georgiou et al., 2019; Kats-
man et al., 2004). Those studies find that buoyancy fluxes
by mesoscale eddies limit the area of deep convection in the
Labrador Sea to the southwestern part of the central basin
and that deep convection is therefore strongest in the area
that is less easily reached by eddies combined with strong at-
mospheric forcing. We showed that in the Irminger Sea water
from the OSNAP IC moorings added to the stratification in
the eastern part of the basin, which likely limits the size of
deep convection area in the western part of the basin like in
the Labrador Sea.

The connection between light boundary current waters
transported by the IC towards the DCA is especially interest-
ing in the context of freshwater anomalies that could reach
the DCA via the IC. The most recent freshwater anomaly
(Holliday et al., 2020) that arrived in the eastern core of the
IC in late 2016 decreased the salinity of the IC by 0.06 gkg−1

over a large part of the water column (Fried et al., 2024a). In
addition, the IC does not only show a variability related to
water mass properties but also exhibits a strong interannual
transport variability that is related to changes in the basin
wide density gradient (Fried and De Jong, 2022). As about
one quarter of the IC waters reach the DCA, variability in the
IC water properties and strength could therefore impact the
restratification in the Irminger Sea.

Our results are based on one model year spanning the pe-
riod from September 2007 to August 2008. The deep mixed
layers that the model simulated for the winter 2007–2008 in
the Irminger Sea are consistent with observations (De Jong et
al., 2012). It is very likely that the IC’s strong connectivity to
the DCA holds when using a different model year or a longer
time series, but it remains to be shown how variable this re-
lationship is and thus how robust the presented numbers are
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Figure 8. Eddy activity in the Irminger Sea from the MITgcm model simulation. Monthly mean sea surface height (SSH, shading) with
overlaid one year-averaged circulation over the upper 1500 m (arrows) from the model simulation for (a) September and (b) May. Velocities
smaller than 0.1 ms−1 are indicated by black arrows, larger velocities by white arrows; we only plot every 8th latitudinal grid point and every
4th longitudinal grid point for clarity. In all subpanels the green line marks the release line, the dashed line the interior region and the orange
line the DCA.

over time (Fig. 7). But as restratification in the Irminger Sea
always occurs in late spring even during years with weaker
convection (Nelson et al., 2024; Sterl and De Jong, 2022),
the connection between the IC and the DCA will also likely
occur every year. Still, the variability in the IC, in both trans-
port and hydrographic properties (Fried et al., 2024a; Fried
and De Jong, 2022), will have an impact on how much the IC
impacts the restratification in the DCA.

To conclude, this study has shown that waters from the
OSNAP IC moorings mainly follow the eastern IC core cy-
clonically around the interior Irminger Sea, and the western
IC core towards the interior Irminger Sea and the DCA. On
their way towards the DCA the IC waters stratify the east-
ern Irminger Sea, thus limiting the area and depth of con-
vection in the Irminger Sea to the western part of the basin.
Therefore, future changes in the water mass properties ad-
vected by the IC in a warming climate have the potential to
substantially influence the strength of deep convection in the
Irminger Sea.
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