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Abstract

Export from the Arctic and meltwater from the Greenland Ice Sheet together form a
southward-flowing coastal current along the East Greenland shelf. This current transports
enough fresh water to significantly alter the large-scale circulation of the North Atlantic, yet the
coastal current’s origin and fate is poorly known due to our lack of knowledge concerning its
north-south connectivity. Here we demonstrate how the current negotiates the complex
topography of Denmark Strait using in situ data and output from an ocean model. We determine
that the coastal current north of the strait supplies half of the transport to the coastal current south
of the strait, while the other half is sourced from offshore via the shelfbreak jet, with little input
from the Greenland Ice Sheet. These results indicate that there is a continuous pathway for Arctic-

sourced fresh water along the entire East Greenland shelf from Fram Strait to Cape Farewell.

Introduction

Along the continental shelf of East Greenland, fresh water near the coast and saltier water
offshore creates a cross-shelf density gradient that supports a southward-flowing coastal current
(Fig. 1a). The current intensifies as it flows southward, reaching a maximum of about 2 Sverdrups
(Sv; 1Sv=10°m?s) near Cape Farewell (1). Despite its relatively small transport, the exceptionally
fresh waters of the East Greenland Coastal Current (EGCC) make it a vital component of the
large-scale circulation. Over 30% of the total oceanic freshwater transport between Greenland and
Scotland is carried by the EGCC (referenced to the section mean salinity, (2), and it is a significant
component of the Arctic freshwater budget (1).

As the EGCC rounds Cape Farewell, a portion of the fresh water progresses northward along
the west coast of Greenland, while the remainder is fluxed offshore into the interior of the
subpolar gyre (1). The potential fate of this fresh water in regions of deep water formation has led
many to speculate that the accelerating melting of the Greenland Ice Sheet (3, 4) will stratify the
subpolar gyre, slow or stop the Atlantic Meridional Overturning Circulation (AMOC) (5-7), and
trigger non-linear shifts in future climate sensitivity (§). However, the fresh water on the East
Greenland shelf is also supplied by the Arctic via Fram Strait (9, 10), and the Arctic may play a
larger role in setting the coastal current’s variability than the input from Greenland (11, 12). This
distinction between the two source regions is particularly important because fresh water stored
in the Beaufort Gyre may be released in pulses when the anti-cyclonic winds periodically weaken
(13), whereas input from the Greenland Ice Sheet will likely increase more gradually. The
existence of a continuous pathway for the EGCC from Fram Strait to Cape Farewell will
determine whether both sources of fresh water will primarily affect deep-water formation in the
Greenland and Iceland Seas, or continue southward into the North Atlantic and impact

convection in the subpolar gyre.
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Direct observations of the EGCC are plentiful south of Denmark Strait (1, 2, 11, 14-18), but
the current’s evolution north of 66°N is poorly known. A series of observational and theoretical
papers (17, 19) suggested that the EGCC could emerge from the interaction of the East Greenland
Current with the deep Kangerdlugssuaq Trough. In this conceptual model, a net input of fresh
water into the trough splits into the coastal current south of Denmark Strait and a return flow out
of the trough. Though this model does not require a coastal current upstream of Denmark Strait,
such a coastal current has been observed in the Nordic domain as far north as Fram Strait (20, 21),
referred to as the Polar Surface Water Jet (21). This raises the question of whether the EGCC south
of Denmark Strait is supplied by more northerly sources.

In this study, we use shipboard hydrographic data from multiple cruises, a high-resolution
regional ocean circulation model, and historical surface drifters to address the connectivity of the
coastal current across Denmark Strait. We find that while the coastal current does indeed connect
across Denmark Strait, it is enhanced by flow diverted inshore from the shelfbreak north of the
strait, with little input from the Greenland Ice Sheet. This onshore flow is due to both
downwelling-favorable winds pushing fresh water closer to the coast, and a geostrophic onshore
flow induced by the widening of the shelf at Denmark Strait. This process may be broadly
applicable to other buoyant coastal current systems. Finally, surface drifter tracks along the East
Greenland shelf demonstrate that the coastal current flows continuously from Fram Strait to Cape

Farewell.

Results
Role of the Kangerdlugssuaq Trough

We first examine the previous hypothesis that a net input of fresh water into the
Kangerdlugssuaq Trough is the origin of the EGCC. In 2003, a section of expendable conductivity-
temperature-depth (XCTD) casts and vessel-mounted acoustic Doppler current profiler (ADCP)
measurements was taken at the mouth of the trough (Fig. 1b, red). Across this line (Fig. S1), a
clear inflow along the eastern boundary and outflow on the western boundary confirms the
presumed geostrophic circulation (19, 22, 23). However, in contrast to expectations, the isohalines
are deepest in the outflow on the western side of the trough, yielding a slight export of 0.04 Sv of
waters fresher than 34 from the trough. To determine how representative this single snapshot is,
we consult a 2 km resolution ocean circulation model of the region (see Materials and Methods
for a full description of the MITgcm model setup). In the annual mean from the model, the
freshest waters are likewise found on the western side of the trough, thereby leading to an export
of fresh water regardless of the reference salinity. Given that this conceptual model requires a net
import of fresh water to supply the coastal current, the EGCC does not appear to originate in the

Kangerdlugssuaq Trough, motivating an analysis of the coastal current across Denmark Strait.
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Connectivity of the coastal current across Denmark Strait

To examine the presence of the coastal current as it enters Denmark Strait, we consider the
salinity, density and absolute geostrophic velocity at the Kégur hydrographic line between 68°-
69°N (Figs. 1b, 2). We use three occupations of the line that sampled to within 2 km of the coast
between 2008 and 2012. The average conditions on the shelf during these three occupations
compare well to the year-long model mean conditions extracted along the same line (Fig. 2). A
narrow shelf (~60 km wide) brings the shelfbreak jet in close proximity to the coastal current, and
can make it difficult to differentiate between these currents instantaneously. To separate the
currents and calculate their transports, we define all southward velocities on the inner half of the
shelf (0-30 km) fresher than 34 salinity as the coastal current (11, 14, 17). The transport of the
simulated coastal current varies between 0-2 Sv, and aligns well with the observed sections (Fig.
2e). From this analysis of the model and observations, we conclude that there is a persistent
southward coastal current at the Kogur line that transports 0.56 + 0.39 Sv (model mean + one
standard deviation) toward Denmark Strait.

At the southern end of our domain, we similarly quantify the coastal current using three
shipboard occupations of a hydrographic line at 66°N, plus the model output (Figs. 1b, 3). Here,
the wider shelf (~120 km) and more gently sloped bathymetry yields a broader coastal current;
thus we extend the offshore boundary to 50 km from the coast. The mean transport of the EGCC

from the observations and simulation at 66°N is 1.19 £+ 0.68 Sv, over twice that at the Kdgur line.

Contribution of the shelfbreak jet to the East Greenland Coastal Current

A doubling of the coastal current between Kogur and 66°N indicates that there is a
convergence of fresh water onto the shelf between these locations, either from offshore via the
shelfbreak jet or from onshore via Greenland meltwater. To identify locations where transport
from the shelfbreak jet contributes to the coastal current intensification, we consider a region in
the model enclosed by the Kdgur section, the 66°N section, and two adjoining along-shelf sections
inshore of the shelfbreak (Fig. 4). The calculated net transport of water fresher than 34 salinity
across the southern along-shelf line (section 2 in Fig. 4a) is 0.45 £ 1.09, directed offshore. This is
consistent with the observed net export across the 2003 XCTD section (OC395) at the mouth of
the Kangerdlugssuaq Trough. The onshore convergence occurs farther north, where a net onshore
(cross-isobath) flow of 1.23 £ 1.23 Sv across section 3 in Fig. 4a explains the current’s observed
intensification.

To further diagnose this cross-isobath flow in the model, we seeded Lagrangian trajectories
in the coastal current along the 66°N section and ran them backwards in time to determine their

origin (see Materials and Methods for a full description of the Lagrangian trajectories). The
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onshore transport is clearly evident in the Lagrangian pathways: particles in the shelfbreak jet are
deflected into the coastal current upstream of Dohrn Bank, and relatively few trajectories enter
the Kangerdlugssuaq Trough at its mouth (color shading in Fig. 4a).

As this analysis only considers waters fresher than 34 salinity, there is the possibility that
vertical mixing across the 34 isohaline could also affect the budgets. However, the sum of the
horizontal Eulerian transports nearly closes (residual of 0.01 Sv), and fewer than 3% of the
Lagrangian trajectories cross the 34 isohaline along their pathway in the domain. Therefore we
conclude that vertical mixing across the 34 isohaline on the shelf is limited and that the primary
driver of the coastal current intensification is a horizontal convergence of fresh water across
section 3 on the western side of Denmark Strait (Fig. 4a).

The majority (0.70 Sv of 1.23 Sv) of this onshore flow occurs in the Ekman layer (upper 40
m), and the variance of the Ekman layer flow is largely explained (60%) by the variance in the
theoretical Ekman transport calculated using the along-section northerly winds (see section 2 of
the supplementary materials). Thus, the onshore convergence of fresh water can be explained
primarily by local winds driving the fresh surface waters shoreward via a downwelling Ekman
circulation. In addition to the downwelling-favorable Ekman circulation that induces an onshore
flow of the upper-layer water and an offshore flow of lower-layer water, there is also a full-depth
integrated onshore flow across section 3 (Fig. 4) of 0.86 Sv that cannot be explained by Ekman
theory. This full-depth flow is sustained by an along-section density gradient, with denser water
located at the southern end of the section near Dohrn Bank (Fig. S2). The origin of this density
gradient is also wind-driven: the along-coast winds contain a slightly cross-section (or cross-
isobath) component due to the local deviation between the isobaths and the coastline, and this
component of the wind pushes light waters toward the northern end of the section. The resulting
Ekman set-up yields a higher sea surface height at the Kogur line, supporting a geostrophic
onshore flow. Thus the along-coast, downwelling-favorable winds drive both an ageostrophic,
downwelling-favorable Ekman circulation, and a geostrophic onshore flow due to the widening
of the shelf north of Denmark Strait. Together, these flows converge fresh water onto the shelf
upstream of Denmark Strait and contribute to the coastal current’s intensification.

To support this model-based result with observations, we consider the tracks of all 25 surface
drifters (24) that crossed the domain over the 30-year period between 1989-2018 (Fig. 4b, stars).
Though sparsely distributed, the surface drifters generally confirm the model’s pathways of fresh
water: 15 of the 25 drifters entered the domain between Dohrn Bank and the Kogur line, and 11
of the 18 that left the domain (7 stopped functioning on the shelf) exited across the 66°N section
as part of the coastal current. Therefore, the majority of the surface drifters joined the coastal
current from the shelfbreak jet upstream of Denmark Strait, then left across the 66°N section in

the coastal current. In addition, we consider the depth of the 34 isohaline from historical
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hydrographic sections in the region as an indicator of the abundance of fresh water (Fig. 4b). As
expected, the isohaline is deepest close to the coast, and shoals offshore. Importantly, little-to-no
fresh water is present near Dohrn Bank and the mouth of the Kangerdlugssuaq Trough,
demonstrating that the fresh water accumulates on the shelf in Denmark Strait rather than

circulates into the trough around Dohrn Bank.

Contribution of Greenland meltwater to the East Greenland Coastal Current

Our results demonstrate that the coastal current intensifies as it proceeds through the
Denmark Strait region, and previous measurements show that the EGCC transport continues to
increase as it flows to Cape Farewell (1). This latter observation has been traditionally used to
argue that meltwater from the Greenland Ice Sheet contributes significantly to the coastal current
transport (14). We see possible evidence of meltwater in a hydrographic section from October
2008 at the mouth of Kangerdlugssuaq Fjord (see Fig. 1b), which drains the largest glacier in East
Greenland. In this section, 0.25 Sv of water fresher than 34 is leaving the fjord, which is
significantly larger than expected. In comparison, the fresh water input of the entire Greenland
Ice Sheet is 40 mSv (25), of which the Kangerdlugssuaq Glacier accounts for about 5% (26). The
Knudsen relation indicates that with a coastal current salinity of 33.5 (e.g. Fig. 3b), fresh runoff
(5=0), and ambient ocean water (5=35), the effect of the glacial water on the coastal current
transport should be ~20 times the discharge and runoff transport (27), which is similar to
entrainment numbers calculated with noble gas tracers (28, 29). Thus the Kangerdlugssuaq Fjord
should contribute ~40 mSv to the coastal current, which is minimal compared to the coastal
current’s 1-2 Sv transport. The comparatively large outflow (0.25 Sv) captured in the 2008 section
left the fjord in an anticyclonic upper-layer circulation pattern (30), suggesting that the
hydrographic section might have captured an anticyclonic eddy or one phase of a coastally
trapped wave. An analysis of the same section in the model confirms this: the section has
essentially zero net export of fresh water in the mean, though 0.25 Sv is within the model’s
variability. Given the overall good agreement between the model and observations shown above,
it is thus likely that the single hydrographic section captured the fjord in an intense outflow event
rather than close to its mean state. We conclude that runoff from the Greenland Ice Sheet cannot

explain the observed intensification of the coastal current through Denmark Strait.

Pathways along the East Greenland shelf and shelfbreak

Both the East Greenland Coastal Current (or Polar Surface Water Jet, which is what the coastal
current is referred to north of Denmark Strait), and the East Greenland Current (i.e. the shelfbreak
jet) transport fresh water southwards along the majority of Greenland’s East Coast. Both currents

are thus conduits for Arctic fresh water that could ultimately end up in the subpolar gyre.
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However, pathways of ice-mounted surface buoys from the International Arctic Buoy Program
(31) demonstrate that floats in these currents meet different fates (Fig. 5). The buoys offshore of
the 500 m isobath (seaward of the shelfbreak) are readily mixed offshore into the Greenland and
Iceland Seas, while the buoys on the shelf progress more coherently southward through Denmark
Strait into the subpolar North Atlantic. This is understandable in that the East Greenland Current
is baroclinically unstable and readily forms eddies (21, 32). Its close proximity to the Greenland
and Iceland Sea gyres means that this turbulent exchange will result in entrainment of fresh water
into the gyres. In addition, there are several bifurcation points along the path of the East
Greenland Current — including where the Jan Mayen Current forms (33) and where the East
Icelandic Current forms (34) — which lead to an advective offshore flux. By contrast, the coastal
current remains largely isolated from energetic shelfbreak processes, and thus serves as a direct

route for fresh water to flow from the Arctic into the Irminger Sea.

Discussion

In this study, we have used observations and a numerical model to demonstrate that the East
Greenland Coastal Current connects across Denmark Strait; hence, the existence of the current
south of the strait is not entirely locally-sourced as previously hypothesized. We showed further
that the current intensifies as it flows through the strait, gaining fresh water primarily from the
offshore shelfbreak jet rather than input from the Greenland Ice Sheet. Analysis of historical ice
drifters revealed that, while the coastal current represents a coherent pathway from Fram Strait
into the Irminger Sea, water in the shelfbreak jet more readily enters the interior of the Nordic
Seas.

Our results suggest that Arctic-sourced fresh water will be more apt to impact and modulate
convection in the Nordic Seas if the fresh water exits Fram Strait via the shelfbreak jet. By contrast,
fresh water leaving the Arctic in the coastal current, along with glacial meltwater, is more readily
able to enter the North Atlantic Ocean where it could influence convection in the subpolar gyre.
It has recently been demonstrated that the Greenland Sea is the source of the densest component
of the AMOC (35). On the other hand, open-ocean convection in the Labrador and Irminger Seas
feeds the intermediate branch of the AMOC. Hence, the coastal current and shelfbreak jet,
although flowing side by side, have the ability to influence the climate system in very different
ways. Much has been made of the potential impact on the AMOC due to the melting of the
Greenland Ice Sheet (5-7), or the release of fresh water from the Beaufort Gyre (13). Our results
imply that, in order to determine the AMOC response to this increased fresh water, an improved
understanding of the pathways and detailed dynamics of the coastal circulation east of Greenland

is required.
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Materials and Methods

Absolute geostrophic velocity from hydrographic sections

To calculate the absolute geostrophic velocity sections shown in Figs. 2b, 3b, and S1b, we
first interpolate the potential temperature and salinity data measured at the individual CTD
stations onto a standard grid with 2 km horizontal spacing and 10 m vertical spacing. From these
sections, we derive the potential density, and then calculate a relative geostrophic shear profile
using the thermal wind relation. To reference the geostrophic shear to an absolute velocity, we
calculate a reference velocity for each location along the section. We do this by vertically
averaging the shipboard ADCP data across the section to remove noise from the shipboard ADCP
data. We then reference the geostrophic shear to the vertical mid-point of the ADCP data. The
resulting absolute geostrophic velocity is a dynamically-consistent velocity profile that is

referenced to directly-measured current velocities.

Description of the MITgcm model setup

The ocean circulation model used in this work is a high-resolution configuration of the
MITgcm (36), identical to the setup in Almansi et al. (2017) (37) except for the atmospheric forcing
which is provided by the Arctic System Reanalysis. The model is run for the period September 1,
2007 to August 31, 2008, and model output is saved at 6-hourly resolution. The full model domain
is 56.8-76.5°N, 46.9°W-1.3°E, with 2 km horizontal resolution in the region of interest and 216
vertical levels. Model boundary conditions are obtained from the 1/12° Hybrid Coordinate Ocean
Model (HYCOM+NCODA) for the ocean and from TOPAZv4 for sea ice. The model uses
bathymetry from IBCAOv3 north of 64°N (i.e. our domain) as well as data from deep-diving seals.
Surface runoff and solid ice discharge from Greenland are incorporated in the model forcings by
adding water volume at the surface distributed over grid points near the glaciers as well as time-
varying full-water column restoring of temperature and salinity at these grid points to account
for plume entrainment. This model has been shown to accurately simulate the circulation in the
Denmark Strait region (22, 37, 38). Model-based quantities have been extracted and calculated
using OceanSpy (39).

Lagrangian trajectories

Particles were seeded in the numerical model at the 66°N section in waters fresher than
34 salinity and within 50 km of the coast. The trajectories were run backwards in time for 150
days. To determine how long the particles should be run, we conducted a 300-day test run. The
number of particles in the domain flattens considerably after 150 days; thus a longer integration
time does not yield significantly different results and also reduces the number of possible

launches. We then seeded the particles on the last day of the month from February to August of
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2008 (yielding seven launches total) and ran them backwards in time for 150 days. In total, 2395
particles were released and were advected offline in the model’s velocity field. Details on the
calculation of the particle trajectories are given in Koszalka et al. (2013) and Gelderloos et al.
(2016) (38, 40).
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Figures
a. Circulation of the East Greenland shelf
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Figure 1. Circulation of the East Greenland shelf. (a) Schematic circulation of the East Greenland shelf
region. Bathymetry is shaded and the 350 m and 500 m isobaths are highlighted in black. The East
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Greenland Current (orange) flows southward at the shelfbreak along the entirety of East Greenland. The
East Greenland Coastal Current (pink) has been documented upstream of Denmark Strait, and downstream
of the Kangerdlugssuaq Trough, but its connection across Denmark Strait is unknown (dashed line). Other
circulation features are shown in gray. The black dashed line outlines the region shown in b. (b) Depth-
integrated absolute geostrophic transports (see section 1 of the supplementary material) for water with
salinity less than 34 from various hydrographic sections across Denmark Strait (year and cruise codes
provided in legend). Bathymetric contours are shown every 25 m for 0-250 m, every 50 m for 250-500 m,
and every 200 m deeper than 600 m. The 250 m, 350 m, 500 m, and 1000 m isobaths are highlighted in black.
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Figure 2. Observed and modeled hydrography at the Kogur line. Salinity (a, b) and velocity (c, d) at the
Kogur hydrographic line. The observed mean conditions (a, ¢) are averaged over three synoptic snapshots
in October 2008 (KN194), August 2011 (KN203), and August 2012 (JR267). Black triangles above panels a
and c indicate the typical 5 km spacing of CTD stations along the three transects. The model mean
conditions (b, d) are averaged over the entire model year. In panels a-d, isopycnals (kg/m3) are overlaid in
black and bathymetry is shaded in gray. Bounds of the coastal current (fresher than 34 salinity and between
0-30 km from the coast) are outlined in white in panels ¢ and d. Southward currents located between 40-80
km offshore are considered part of the shelfbreak jet. (e) Time series of the coastal current volume transport
from the model. The observed transports calculated from the three snapshots are indicated by the arrows
to the right of the plot.
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Figure 3. Observed and modeled hydrography at the 66°N line. Salinity (a, b) and velocity (c, d) at the
66°N line. The observed mean conditions (a, c) are averaged over three synoptic snapshots in August 2004
(JR105), October 2008 (KN194), and October 2018 (AR30). KN194 and AR30 sampled to within 3 km of the
coast, while JR105 ended 15 km from the coast. Black triangles above panels a and ¢ indicate the typical 5
km spacing of CTD stations along the three transects. The model mean conditions (b, d) are averaged over
the entire model year. In panels a-d, isopycnals (kg/m3) are overlaid in black and bathymetry is shaded in
gray. Bounds of the coastal current (fresher than 34 salinity and between 0-50 km from the coast) are
outlined in white in panels ¢ and d. (e) Time series of the coastal current volume transport from the model.
The observed transports calculated from the three snapshots are indicated by the arrows to the right of the
plot.
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Figure 5. Observed surface circulation of the East Greenland shelf. Trajectories of ice-mounted buoys from the

International Arctic Buoy Program. (a) All 92 buoys that crossed the shelf region delimited by the western polygon

in

black. (b) All 59 buoys that crossed the region offshore of the 500 m isobath, delimited by the eastern polygon. While

all the buoys shown here are initially ice-mounted, they continue as surface drifters once the ice around them melts.
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451 1. Hydrographic section at the mouth of Kangerdlugssuaq Trough (OC395)
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453  Figure S1. Observed hydrography at the mouth of the Kangerdlugssuaq Trough. Salinity (a) and absolute
454  geostrophic velocity (b) from the XCTD section across the mouth of Kangerdlugssuaq Trough in 2003 (red
455  sectioninFig. 1b). The viewer is looking northward (the western side of the trough is on the left). Isopycnals
456  are overlaid in black (kg/m3). The XCTD stations (dashed black lines) and their numbers are provided for
457  reference. Positive velocities in b indicate flow out of the trough and the white contour in b marks the 34
458  isohaline. Bathymetry is shaded gray.

459
460 2. Coherence of along-section winds and onshore flow of fresh water
461 The onshore transport variability across section 3 in the numerical model (Fig. 4) is found

462  to be largely a function of variability in the along-section winds (60% variance explained). To
463  arrive at this conclusion, we first calculated the Ekman transport using the following equation:

464
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1
Ekman transport (Sv) = —ff Tdl
pof

where p, is reference density (1025 kg/m?), f is the Coriolis parameter (1.34*10* 1/s), 7 is the along-
section surface stress induced by wind and ice (N/m?). The integration is done spatially along the
section (denoted by ). To compare this theoretical transport induced by the surface stress (wind
+ice), we also sum the model’s velocity field over the Ekman layer (upper 40 m) and along the
section to derive a directly-calculated, cross-section transport.

From these two time series we calculated how much variance in the calculated flow is
explained by the theoretical flow using the following equation:

Vari fX lained by Y (%) = 100 * |1 — —2( )
*
ariance o explaine y 0 2()")

where X is the cross-section flow calculated from the model’s velocity field, Y is the theoretical
Ekman transport from the along-section winds, and o2 is the variance of the time series. This
metric summarizes both the temporal correlation and the magnitude of the covariance in the two
time series.

3. Geostrophic onshore flow upstream of Denmark Strait

To determine what drives the full-depth onshore flow across section 3, we decomposed the
total model velocity into its geostrophic and ageostrophic components. To calculate the
geostrophic velocity, we vertically integrated the density and sea-surface height (SSH) fields from
the model to determine the pressure field using the hydrostatic balance. The along-section
horizontal pressure gradient was then incorporated into the geostrophic equation to calculate the
model’s across-section geostrophic velocity.

The ageostrophic velocity was then defined as the difference between the total velocity and
the geostrophic velocity (Fig. S2). The Ekman circulation is apparent in the ageostrophic field,
with onshore flow in the upper 40 m and offshore at depth. When integrated over the entire
section, the ageostrophic velocity induces a net offshore flow of 0.29 Sv, opposing the onshore
flow in the total. The geostrophic velocity compensates with a flow of 1.17 Sv directed onto the
shelf. This geostrophic flow is driven by a wind-driven SSH gradient (Fig. S2a) that results from
denser water at the southern end of the section at Dohrn Bank (left-hand side of Fig. S2) than at
the northern end at the Kogur line (right-hand side of Fig. S2).
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Figure S2. Decomposition of the modeled velocity field between Dohrn Bank and the Kégur section.
The viewer is looking west with the southern end of the section to the left and the northern end of the
section to the right (section 3 in Fig. 4a). (a) The model mean SSH is higher on the northern end than on the
southern end. (b) Total velocity (color) with positive flow directed out of the page (i.e. offshore). (c)
Geostrophic velocity calculated from the SSH, pressure, and density fields. (d) Ageostrophic velocity
calculated as the difference between the total velocity and the geostrophic velocity. Isopycnals (black;
kg/m?3) are identical in the three panels.

23



