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Abstract12

Wintertime open-ocean convection is a key process in renewing deep water; however, the13

processes that promote convection on local scale remain poorly understood. We inves-14

tigate the role of long-lived anticyclonic eddies in facilitating deep convection in the Green-15

land Sea using a new model simulation and observations. We find a previously undoc-16

umented anticyclonic eddy in the Boreas Basin, in addition to a well-observed anticy-17

clonic eddy in the Greenland Basin. Both eddies feature year-round lenses of weak strat-18

ification with upper-domed isopycnals, facilitating convection over multiple winters.19

Plain Language Summary20

Open-ocean convection in the Greenland Sea plays a key role in water-mass trans-21

formation within the global ocean. These convective events occur at many scales, but22

are often observed within deep, well-mixed “chimneys” or as rotating structures (eddies).23

Using a high-resolution ocean model, we successfully reproduce these features and show24

that long-lived anticyclonic eddies in the Greenland Sea favor convection over multiple25

consecutive winters.26

1 Introduction27

The Greenland Sea (Figure 1) is characterized by a cyclonic gyre composed pri-28

marily of the southward East Greenland Current (EGC) and the northward Norwegian29

Atlantic Front Current (NAFC). Pronounced recirculations and meanders form two sub-30

gyres separated by the Greenland Fracture Zone, which divides the Boreas and Green-31

land Basins (Quadfasel & Meincke, 1987). Owing to the cyclonic circulation and win-32

tertime air-sea heat loss, this is one of the few regions globally where open-ocean con-33

vection occurs, renewing intermediate and deep waters (Marshall & Schott, 1999).34

Observations in the Greenland Sea show that intermittent bottom-reaching con-35

vection has transitioned to predominantly intermediate-depth convection since the late36

20th century (Strehl et al., 2024). Since then, attention has focused on long-lived vor-37

tices with convective signatures in the Greenland Basin, notably the 75°N eddy repeat-38

edly detected near 75°N, 0°E during ship-based surveys in the 2000s (Gascard et al., 2002;39

Wadhams, 2005; Budéus & Ronski, 2009). In March 2001, observations revealed a ho-40

mogeneous eddy core extending to ∼ 1800 m, characterized by colder and fresher wa-41

ter relative to the surrounding basin (Wadhams et al., 2002). Surveys in 1997, 2001, and42

2002 reported a distinct anticyclonic vortex at the same location, indicating a long-lived43

feature.44

Argo profiles provide evidence that intermediate-to-deep convection occurred in 2002,45

2008, and 2011 (Brakstad et al., 2019; Almeida et al., 2023) and confirm a secondary max-46

imum of mixed-layer depth within the Boreas Basin, northern Greenland Sea, although47

profiling coverage there is sparser (Brakstad et al., 2019; Abot et al., 2023). Whether48

the convective eddies play a role in recent convection events is uncertain. Using a high-49

resolution model and observations, we revisit the structure, evolution, and dynamical role50

of long-lived anticyclonic eddies with convective features in the Greenland Sea. The model51

successfully reproduces the 75°N eddy in the Greenland Basin and, unexpectedly, reveals52

a comparable convective structure in the Boreas Basin, corroborated by observations.53

This study thus provides an updated perspective on eddy-convection relations in the re-54

gion.55
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2 Data and Methods56

2.1 Observations57

During March–April 2008, two surface drifters traversed the Greenland Sea; six Argo58

floats were in the Greenland Basin, and one was in the Boreas Basin, yielding 41 valid59

profiles over 2 months. Combining these profiles with drifter trajectories and altimetry-60

derived surface geostrophic velocity, we identify two representative Argo casts exhibit-61

ing convective signatures associated with eddies. In addition, recent 2-km resolution SWOT62

altimetry provides further context.63

2.2 Model64

We use a very high-resolution hydrostatic ocean–ice model MITgcm (Marshall et65

al., 1997), configured and validated for the Nordic Seas. The Greenland Sea region has66

a 1.5-2 km horizontal resolution, which is significantly finer than the local first Rossby67

radius of 4.7 km (Nurser & Bacon, 2014). The model is initialized with GLORYS ocean68

reanalysis fields and forced by ERA5 atmospheric forcing from 1993 onward. Model con-69

figuration and validation are described in Jian et al. (2026). The K-Profile Parameter-70

ization represents unresolved processes in vertical mixing (Large et al., 1994). Compar-71

isons of simulated sea ice extent, circulation, and mixed-layer depth with observations72

demonstrate its accuracy (Figures 1-2). Long-lived anticyclonic eddy centers are tracked73

by identifying local minima of negative relative vorticity at 1500 m every five days, with74

constraints imposed by topographic depressions and temporal continuity of eddy displace-75

ment. Eddy tracking is further verified by visual inspection (Figure S1).76

2.3 Diagnostics77

The mixed-layer depth (MLD) is defined as the depth where potential density in-78

creases relative to 10 m depth by an equivalent 0.2 ◦C cooling (V̊age et al., 2015; Brak-79

stad et al., 2023). The buoyancy (Brunt–Väisälä) frequency squared, N2, a measure of80

vertical stratification, is calculated using the TEOS-10 Gibbs SeaWater equations of state81

(IOC et al., 2010). Large N2 indicates strong stratification, while small or near-zero N2
82

indicates weak static stability and susceptibility to vertical mixing (V̊age et al., 2009;83

Talley, 2011).84

3 Results85

3.1 Basin-scale context86

Multiple observations in March-April 2008 provide evidence that deep convection87

occurred across the Greenland Sea (Figure 1a). The observed sea-ice edge was aligned88

with the shelf and remained distant from the open ocean, allowing sustained surface cool-89

ing. Two surface drifters traversed the Greenland Sea from northeast to southwest, il-90

lustrating the cyclonic surface circulation and decreasing surface temperature en route.91

Temperatures declined from ∼1 ◦C in the Boreas Basin during March to below 0 ◦C in92

the Greenland Basin by April, reflecting both air–sea heat loss and advection into colder93

waters in the Greenland Basin, promoted by northerly winds. Several looping and me-94

andering mesoscale to submesoscale features are evident. The MLD calculated from Argo95

profiles captures deep convection in the central Greenland Basin as well as a secondary96

convection site in the Boreas Basin. Two representative Argo profiles capture the near-97

homogeneous water columns of April 2008 near anticyclonic eddies in the Boreas and cen-98

tral Greenland basins, evident in altimetry-derived geostrophic velocity maps (Figure99

1c). The Boreas Basin profile collected on April 3rd exhibits a uniform temperature down100

to 600 m, with thermal stratification below; concurrent altimetry indicates that the float101

was positioned near an anticyclonic eddy rim (Figure 1c). The Greenland Basin profile102
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Figure 1. (a) Observed and (b) modeled mixed-layer depth (MLD) in the Greenland Sea dur-

ing March–April 2008. The presence of eddies in two topographic depressions from (c) altimeter-

based, (d) model-based, and (e) SWOT-based surface geostrophic velocity. In (a), dots denote

Argo-derived MLD, trajectories show drifter-recorded sea surface temperature, and magenta

line is observed mean 75% sea-ice extent during March–April 2008. Panel (b) shows modeled

time-mean MLD, surface geostrophic circulation, and 75% sea-ice extent for the same period.

Red boxes highlight topographic depressions where long-lived eddies reside and correspond to

the maps in (c-e). Two observed Argo profiles in (c) are compared to modeled profiles in (d),

with cast locations (x) and dates denoted in the maps showing surface geostrophic velocities.

Acronyms denote the Boreas Basin (BB), Greenland Fracture Zone (GFZ), and Greenland Basin

(GB). The 2400, 3200, and 3600 m isobaths in maps are shown throughout the paper.
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collected on April 15th near 75°N shows a deeper mixed layer of ∼ 1700 m, in proxim-103

ity to a smaller anticyclonic eddy. Although conventional altimetry cannot reliably re-104

solve the smallest eddies in the central Greenland Basin, anticyclonic eddies with con-105

vective signatures near 75°N have been frequently documented in historical ship-based106

surveys (Wadhams, 2005; Budéus & Ronski, 2009).107

The modeled surface geostrophic circulation agrees well with established schemat-108

ics (Quadfasel & Meincke, 1987), reproducing the cyclonic gyre that favors deep convec-109

tion and capturing a realistic sea-ice extent (Figure 1b). The model simulates deep mixed110

layers across the Greenland Basin and a secondary maximum in the Boreas Basin, con-111

sistent with observations. Two distinct anticyclonic eddies, one in the Boreas Basin and112

another near 75°N in the Greenland Basin, occupy topographic depressions and coincide113

with the mesoscale swirls observed in the drifter trajectories. The simulated hydrographic114

profiles near the eddy rim and at the nearest profiling date are comparable to those ob-115

served (Figure 1d). The model exhibits a +0.5 ◦C temperature bias in both regions and116

a shallower convective depth in the central Greenland Basin compared to the Argo pro-117

files. Yet, it captures the key features: the homogeneous water column, location, tim-118

ing, rotation, spatial scales, and convective characteristics of both eddies.119

Additionally, SAR data, MODIS imagery, and SWOT altimetry (Figure 1e) reveal120

recurrent eddies at similar locations, with frequent merging events (Bashmachnikov et121

al., 2020; Morozov & Kozlov, 2023; Jensen et al., 2025). The observed eddies exhibit spa-122

tial scales comparable to those simulated in the model. Together, these observations and123

model simulations identify two anticyclonic eddies in topographic depressions with win-124

tertime convective features. The Boreas Basin eddy has not been documented before.125

We hereafter refer to the two as the BB eddy and the 75°N eddy, and probe their inter-126

actions with convection using model simulations.127

3.2 Evolution of eddies and convection128

Monthly-mean surface geostrophic circulation from altimeter and model, together129

with the modeled isopycnal depth and MLD from January to May 2008 illustrate the130

progression of convection (Figure 2). The model reproduces the cyclonic gyre in agree-131

ment with altimetry-derived circulation and additionally represents mesoscale eddies that132

the altimeter may not reliably resolve. While the BB eddy, evident in both products, re-133

mains quasi-stationary and topographically constrained, the modeled 75°N eddy is em-134

bedded within the broader basin-wide convective region and drifts northwestward from135

April onward, likely guided by local topography (Figure 1a). Gyre-scale cyclonic circu-136

lation pushes the dense 28.04 kgm−3 isopycnal closer to the surface in the gyre center.137

Surface outcrops of this isopycnal (Figure 2c) gradually emerge as winter progresses, pri-138

marily in the Greenland Basin and in isolation within the BB eddy. In both eddies, the139

28.04 kgm−3 isopycnal outcrops in March at the eddy centers, indicating convection oc-140

curring within the eddies. The deepest mixed layers are found within two eddies and more141

broadly across the Greenland Basin. By May, the mixed layer shoals, and the surface142

isopycnal outcrops subside, marking the cessation of active convection and the onset of143

restratification. This pattern is consistent with climatological MLD maps derived from144

hydrographic observations (Brakstad et al., 2019, 2023) and demonstrates that eddy-related145

mixing is an integral component of basin-scale convection.146
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Figure 2. Monthly-mean surface geostrophic circulation from (a) altimeter-based gridded

product and (b) model, plus (c) depth of the 28.04 kgm−3 isopycnal, and (d) mixed-layer depth

(MLD) from the model for January to May, 2008. Black contours in panel (c) denote 28.04

kgm−3 isopycnal surface outcrops, and in panel (d) denote 1000 m MLD. Two red lines in panel

(d) denote zonal transects described in the following section. East Greenland Shelf shallower than

1000 m is masked.
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3.2.1 Boreas Basin Eddy147

Modeled zonal transects across the BB eddy center from five representative stages148

illustrate the evolution of convective mixing within this anticyclonic eddy (Figure 3). The149

stage selection is made by identifying the time of maximum MLD and choosing two rep-150

resentative frames before and after.151

Initial (column 1): On November 1st, 2007, the five-day mean net surface heat152

loss along the latitude across the BB eddy center remains weak. Modeled hydrography153

crossing the EGC exhibits a three-layered structure consistent with ship-surveyed ob-154

servations (H̊avik et al., 2017): cold, fresh Polar Surface Water at the surface; Atlantic-155

origin water beneath that shoals offshore, comprising warm returning Atlantic Water and156

colder, less saline Arctic Atlantic Water banked against the slope; and a deeper, colder,157

dense layer. Far offshore, away from any ship-based surveys, is a rapidly rotating anti-158

cyclonic eddy with distinct water masses centered near 1000 m depth. Isopycnals remain159

stratified but exhibit gentle doming within the anticyclonic eddy core, with lighter 28.03160

and 28.04 kg m−3 isopycnal surfaces uplifted and denser ones displaced downward. The161

N2 is high throughout most of the water column, except in the surface layer directly con-162

tacting the atmosphere and within the weakly stratified, warm, saline eddy core.163

Onset (column 2): By mid-February, southward advection of Polar Surface Wa-164

ter and sustained surface heat loss progressively cool the upper ocean and erode strat-165

ification. The net surface heat loss averages 200–300 W/m2 over the previous 3.5 months.166

The 1°C isotherm outcrops to form a cylindrical structure in the upper eddy, while the167

0.5°C isotherm uplifts from the base of the eddy, establishing a convective lens (“chim-168

ney”) that renders the eddy nearly vertically homogeneous in temperature and salinity169

and enclosed by ambient waters. The 28.03 and 28.04 kg m−3 isopycnals outcrop within170

the eddy center, with isopycnals tilting downward on the left flank and upward on the171

right flank, favoring convection within the eddy and farther offshore. The N2 is very low172

throughout the eddy and in the surrounding surface layer where denser isopycnals are173

uplifted. This weakly stratified region delineates the deepening mixed layer, indicating174

vigorous vertical mixing that occurs preferentially within the eddy.175

Peak (column 3): On April 4th, the mixed-layer reaches its maximum depth and176

widest spatial extent, marking the peak phase of convection. While episodes of extreme177

heat loss of up to 800 W/m2 occur near the ice edge, the eddy ∼150 km to the east ex-178

periences more moderate forcing (∼300 W/m2). Despite this, the eddy interior becomes179

progressively colder and fresher, in concert with the surrounding upper ocean. The 0.5,180

0.3 °C isotherms, the 34.94, 34.93 isohalines, and the 28.03 to 28.05 kg m−3 isopycnals181

all outcrop, while the downward-sloping 28.06 kg m−3 isopycnal in the eddy base resists182

further vertical mixing. The upper ∼700 m surrounding the eddy is statically unstable,183

whereas the instability within the eddy itself, as indicated by N2, extends to depths of184

∼ 1500 m. Near the eddy rim, the upper water column is also vertically homogeneous185

to a limited depth, underlain by a pronounced thermocline and halocline. This vertical186

hydrographic structure closely resembles the Argo temperature profile sampled on April187

3rd and is well reproduced by the model (Figure 1c,d). Note the rapid anticyclonic ro-188

tation likely deflects Argo floats away from the eddy interior, causing floats to prefer-189

entially sample the rim rather than the center, where the deepest convection occurs and190

direct measurements are scarce.191

Halt (column 4): By late May, surface heat fluxes weaken and reverse sign; open-192

ocean convection ceases, and the restratification of the upper ocean starts, along with193

the breakdown of the upper cylindrical convective lens. The eddy becomes capped by194

a warm, saline surface layer, while its upper-domed isopycnals persist beneath. The eddy195

core remains sandwiched between stratified layers above and below, with weakly buoy-196

ant ambient water spreading laterally and residing near 500 m depth as a convective197
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Figure 3. Zonal transects (8°W–5°E) across the tracked BB eddy center showing (a) net sur-

face heat flux, (b) potential temperature, (c) salinity, (d) meridional velocity, and (e) N2 for five

representative dates in 2008 event. (f) N2 in tracked eddy core from October 2007 to June 2011.

The corresponding dates and latitudes are indicated at the top for panels (a-e), ice edge is indi-

cated by cold, fresh surface water. In (a), the blue line shows the five-day mean net surface heat

flux preceding each date, while the orange line shows the interval-mean between the current and

previous dates. Panels (b–e) show instantaneous snapshots on the corresponding dates. White,

light gray, dark gray, and black contours in (b–d) denote 1, 0.5, 0.3, and 0°C isotherms; 34.97,

34.96, 34.95, and 34.94 isohalines; and 28.03, 28.04, 28.05, and 28.06 kg m−3 isopycnals, respec-

tively. In (e-f), black line denotes mixed-layer depth (MLD).
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remnant. Once surface stratification is re-established, conventional MLD criteria fail to198

detect isolated mixed layers but convective lenses persist below the surface.199

Restratification (column 5): During summer, surface heating leads to enhanced200

stratification of the upper ocean. Nevertheless, the eddy retains its characteristic upper-201

domed and lower-depressed isopycnal structure, with a weakly stratified rotating eddy202

core. Below the surface, this stage resembles the initial phase. Indeed, an analysis of the203

subsequent winter confirms the recurrence of this cycle (Figure S2) and demonstrates204

the longevity of the simulated BB eddy.205

3.2.2 75°N Eddy206

The simulated 75°N eddy is consistent with historical observations (Wadhams, 2005;207

Budéus & Ronski, 2009), standing out from other eddies by its deep vertical penetra-208

tion, persistence, and distinct evolution (Figure 4). Given its similar evolution to the pre-209

viously described eddy, we highlight its similarity to previous observations:210

In April (column 3), the model reproduces a deep, vertically homogeneous water211

column with concave thermocline and halocline structures at the base of the 75°N eddy,212

in agreement with ship-based observations from April 2001 at 75°N (Wadhams et al., 2002).213

The upper 1200 m is strongly cooled and mixed, pushing the stratification maximum214

downward without reaching the bottom and forming a well-defined convective chimney.215

Compared to late February (column 2), the chimney remains quasi-stationary but be-216

comes narrower, colder, and denser, indicating progressively localized homogenization217

over two months within the eddy core.218

Prior to chimney formation, the tracked feature is an anticyclonic eddy undergo-219

ing progressive cooling and homogenization under moderate surface forcing (columns 1–2).220

It is already distinguished from the surrounding waters in October by its pronounced221

vertical extent and buoyant conical structure capped by warm, fresh surface water, which222

insulates the eddy interior from atmospheric fluxes. The eddy features an anticycloni-223

cally rotating, weakly stratified core with distinct temperature and salinity properties.224

Despite basin-scale cyclonic circulation gently uplifts interior layers, isopycnals denser225

than 28.04 kg m−3 remain depressed within the 75°N eddy. By late February, transient226

heat fluxes reaching up to -1000 W m−2 lift isopycnals toward the surface and re-ventilate227

Atlantic-origin waters near the ice edge, a feature recently observed (V̊age et al., 2018).228

In contrast, the centrally located 75°N eddy experiences moderate but persistent heat229

loss since October, which preferentially erodes stratification within the eddy core. The230

cumulative winter heat loss substantially cools the upper ocean and produces a convec-231

tive lens: a locally homogenized, cooling, and densifying water mass within the eddy.232

Following the cessation of surface cooling, the chimney collapses and upper-ocean233

restratification begins (columns 4–5). The eddy is re-capped by warm, saline surface wa-234

ter, while retaining its characteristic upper-domed and lower-depressed isopycnals that235

define a postconvective eddy, a structure frequently observed after active wintertime con-236

vection (Gascard et al., 2002; Budéus et al., 2004). Consistently, zonal sections of tem-237

perature, salinity, density, and stability closely resemble those of the long-lived 75°N vor-238

tex depicted in Figure 2 of Budéus et al. (2004). During this stage, dense isopycnals (28.06–28.08239

kg m−3) are further displaced downward, submerging the eddy core. Within the eddy240

depth range, water properties become laterally mixed and weakly buoyant, consistent241

with the lateral spreading phase of classical open-ocean convection (Marshall & Schott,242

1999). Owing to its longevity, this trapped, weakly stratified water provides memory that243

preconditions the eddy for renewed convection in subsequent winters when upper strat-244

ification is eroded (Figure S3).245
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Figure 4. Same as Figure 3, but for the 75°N eddy. White, light gray, dark gray and black

contours in panels (b-d) denote 0.4, 0, -0.2, -0.4 isotherms; 34.94, 34.93, 34.92, 34.91 isohalines;

and 28.00, 28.04, 28.06, 28.08 kg m−3 isopycnals, respectively. In (f), mixed-layer depth (MLD)

within tracked eddy core is compared with basin-mean MLD averaged over the Greenland Basin

within the 3200 m isobath.
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4 Discussion246

4.1 On the longevity and isopycnal structure247

The BB and 75°N eddies belong to the same family; both are long-lived vortices248

and exhibit dynamical consistency with previous observations in several key respects (Gascard249

et al., 2002; Budéus et al., 2004; Wadhams, 2005): (1) During winter, a homogeneous250

convective chimney forms within the eddy core and extends to great depth. The chim-251

ney experiences localized progressive cooling and densification, clearly distinguished from252

the surrounding waters, similar to the observed features in March 2001 (Wadhams et al.,253

2002). (2) Following active convection, upper-domed and lower-depressed structures de-254

velop and can persist through stepwise adjustment cycles. This persistence explains the255

similar 75°N transects frequently observed from spring through autumn (Gascard et al.,256

2002; Logemann, 2001; Budéus et al., 2004; Wadhams et al., 2004; Kasajima et al., 2006;257

Ronski & Budéus, 2006; Olsen et al., 2024). (3) The eddy core becomes isolated at depth,258

remains weakly stratified, and capped by surface stratification while a secondary mid-259

depth stratified layer is displaced downward. This structure is renewed through repeated260

cycles of wintertime erosion, atmospheric re-exposure, and postconvective adjustment.261

Time series of the modeled N2 and MLD in the eddy centers from 2007 to 2011262

illustrate that such eddies are long-lived and undergo repeated “recharging” (Figure 3f,263

4f). Stability indicated by N2 exhibits repeated progressive deepening and homogeniza-264

tion during wintertime convection over multiple years, provided the eddy is not capped265

by stratified surface water or intermittently covered by sea ice. This process contributes266

to eddy longevity by repeatedly homogenizing and possibly re-energizing the core through267

surface forcing (Budéus et al., 2004). The MLD evolves accordingly as the eddy column268

progressively cools and densifies. Situated within topographic depressions and surrounded269

by the unstable currents and frequently advected eddies, these long-lived vortices undergo270

frequent merging and filament-absorption events. Such processes modify water-mass prop-271

erties and likely sustain their persistence. In particular, anticyclonic eddies shed from272

the currents preferentially propagate toward topographic depression, a mechanism com-273

monly believed to sustain long-lived vortices (Köhl, 2007; LaCasce et al., 2024).274

Such anticyclonic eddies exhibit upper-domed and lower-depressed isopycnals, lead-275

ing some studies to interpret these vortices conceptually as hetons, consisting of a cy-276

clonic upper layer overlying an anticyclonic lower layer inferred from the implied geostrophic277

shear (Oliver et al., 2008). However, the model demonstrates that these eddies rotate278

anticyclonically throughout the water column, as also found by vessel mounted ADCP279

velocity measurements (Budéus et al., 2004). This indicates that the apparent reversal280

in isopycnal curvature does not correspond to a reversal in vorticity, but rather reflects281

the vertical redistribution of density following deep convection. The surrounding cyclonic282

flow may help sustain its upper-domed isopycnals by uplifting interior density surfaces.283

Dynamically, these eddies closely resemble mode-water eddies, characterized by an iso-284

lated, thick, weakly stratified core that lifts the upper pycnocline and depresses the lower285

pycnocline (McGillicuddy Jr, 2016).286

4.2 On the role in convection287

Convection behaves distinctly within long-lived eddies. Near the ice margin, con-288

vection is typically driven by episodic extreme heat loss associated with synoptic cold-289

air outbreaks (Papritz & Spengler, 2017; Terpstra et al., 2021). Despite its intensity, this290

forcing is short-lived and does not necessarily produce sustained mixed-layer deepening,291

as the underlying water can be rapidly advected away (Renfrew et al., 2021, 2023; Sem-292

per et al., 2025). In contrast, surface heat loss over the open ocean is comparatively mod-293

erate but persistent. Relative to nearby ambient waters, the eddy cores exhibit weaker294

stratification before winter, faster erosion of stratification, and deeper mixed-layer de-295

velopment under the same sustained wintertime forcing. The basin-scale cyclonic gyre296
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uplifts interior waters, favoring winter convection, while embedded long-lived anticyclonic297

eddies are localized reservoirs of weak stratification that facilitate earlier onset and pro-298

longed convective mixing. This enhanced response reflects the preconditioning effect of299

the upper-domed isopycnal, which elevates interior waters even closer to the surface and300

increases their exposure to atmospheric forcing.301

A notable but rarely discussed feature of Greenland Sea convection is the multi-302

year deepening of MLD during the 1990s and 2000s, linked to the basin-scale descent of303

the stratification maximum during the transition from Greenland Sea Deep Water to Green-304

land Sea Arctic Intermediate Water formation (Brakstad et al., 2019; Strehl et al., 2024)305

and captured by three moored profilers over 10 years (Svingen et al., 2023). We note that306

MLD evolution within long-lived eddies resembles that of the basin-wide background strat-307

ification, but is most pronounced in the eddy cores and weaker when averaged over the308

broader basin (Figure 4f). Given the mobility of long-lived eddies in the Greenland Basin,309

further investigation is needed to determine whether, and how, these anticyclones inter-310

act with basin-scale stratification changes.311

The 75°N eddy becomes ambiguous to track after undergoing substantial decay and312

splitting during the winter of 2011 (Figure S4), whereas the BB eddy appears quasi-permanent.313

In the simulation, the 75°N eddy persists through four winters, a lifespan that is con-314

sistent with historical observations in 1997, 2001, 2002, 2003, 2005, and 2016 (Gascard315

et al., 2002; Logemann, 2001; Budéus et al., 2004; Kasajima et al., 2006; Ronski & Budéus,316

2006; Olsen et al., 2024). To conclude, their longevity is accompanied by a combination317

of topographic trapping, eddy merging, and repeated wintertime convection that may318

re-energize the eddy. This persistence imparts multiyear memory to the coherent eddies,319

enabling them to act as localized reservoirs of weak stratification that preferentially host320

deep convection under moderate and sustained surface cooling.321
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Argo floats (WMO IDs: 6900305, 6900609, 7900169, 7900170, 7900171, 7900172,323

7900178) and drifters (WMO IDs: 6300931, 6300944) data used in this study is retrieved324

from the Argovis web application (Mills et al., 2025), https://argovis.colorado.edu/;325

Global Ocean Gridded L4 Sea Surface Heights And Derived Surface Geostrophic Veloc-326

ity (CMEMS, 2025) is available on https://data.marine.copernicus.eu/product/327

SEALEVEL GLO PHY L4 MY 008 047/description. SWOT L3 product (SWOT, 2023) is328

available on https://www.aviso.altimetry.fr/en/data/products/sea-surface-height329

-products/global/swot-l3-ocean-products.html. The observed sea ice extent is from330

Climate Data Record (Meier et al., 2024) via https://noaadata.apps.nsidc.org/NOAA/331

G02202 V5/north/. Model output used in this study is available on Zenodo (Jian, 2026).332
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Köhl, A. (2007). Generation and Stability of a Quasi-Permanent Vortex in the Lo-400

foten Basin. Journal of Physical Oceanography , 37 (11), 2637–2651. doi: 10401

.1175/2007JPO3694.1402
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