
1. Introduction
The Labrador Sea is a site of deep convection where dense Labrador Sea Water (LSW) is formed in winter 
by intense atmospheric forcing, feeding the lower limb of the Atlantic Meridional Overturning Circulation 
(AMOC) (Feucher et al., 2019; Lozier et al., 2017; Schulze-Chretian & Frajka-Williams, 2018). This convec-
tion is known to be very sensitive to lateral exchange of freshwater and heat by modulating the stratification 
and influencing the restratification after the occurrence of convection (Aagaard & Carmack, 1989; Lozier 
et al., 2017; Myers & Donnelly, 2008; Myers et al., 2009; Straneo, 2006; Weijer et al., 2012). A decrease in 
LSW formation has been linked to weakening or even collapse of the AMOC (Danabasoglu et al., 2016; 
Stouffer et al., 2007; Vellinga & Wood, 2002), although recent Overturning in the Subpolar North Atlantic 
Program (OSNAP) results find instead a stronger link between the AMOC and the eastern basin of the 
sub-polar gyre, at least on short interannual timescales (Lozier et al., 2019). With accelerated warming at 
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high latitudes (IPCC, 2013), increasing freshwater runoff from Arctic regions is converging on the Labrador 
Sea through surrounding coastal currents (Haine et al., 2015; Yang et al., 2016). The continuous conver-
gence of freshwater could lead to a decrease in LSW formation although no decrease has been observed as 
of yet (e.g., Yashayaev & Loder, 2017). Additional change is observed related to the enhanced input of warm 
and salty Irminger Water into the Labrador Sea (Myers et al., 2007, Yashayaev & Loder, 2017). Therefore, 
understanding the characteristics and variability of the coastal current system around Greenland is crucial 
in exploring the sensitivity of the convective overturning in the Labrador Sea.

Despite that, there is not a complete and quantitative picture of the boundary current circulation of fresh-
water, especially for the West Greenland Current (WGC) system, on which only a few studies have focused. 
Observational (e.g., Myers et al., 2009; Rykova et al., 2015; Schmidt & Send, 2007; Straneo, 2006) and mod-
eling (e.g., Myers, 2005; Pennelly & Myers, 2020; Schulze-Chretien & Frajka-Williams, 2018) studies have 
illustrated that the WGC is the major route for freshwater to enter the interior of the Labrador Sea, as well 
as a major heat supplier to accelerate restratification of the Labrador Sea after convection. It was previ-
ously revealed by data from altimetry and surface drifters that enhanced variability occurs in the region 
close to the west coast of Greenland, near Cape Desolation (Cuny et al., 2002; Fratantoni 2001; White & 
Heywood, 1995). This region is where buoyant eddies form and advect both surface freshwater as well as 
warm, salty Irminger Water at depth, into the interior of the Labrador Sea. Studies have investigated the 
manner in which the freshwater is transported into the convection interior, linked to both eddies (e.g., Brac-
co et al., 2008; de Jong et al., 2014; Katsman et al., 2004), as well as Ekman transport (e.g., Luo et al., 2016; 
Schulze-Chretien & Frajka-Williams, 2018).

Meanwhile, multiple studies have shown the existence of an East Greenland Coastal Current (EGCC) on 
Greenland’s eastern shelf (e.g., Bacon et al., 2002; Sutherland & Pickart, 2008; Wilkinson & Bacon, 2005). 
Bacon et al. (2014) showed that the EGCC was stronger in winter than in summer, and was forced equally 
by winds and buoyancy. Harden et al. (2014) showed that the current had significant variability at synoptic 
timescales. Increasing freshwater content in the winter and spring suggested a key role of Fram Strait export 
rather than local runoff (Harden et al., 2014). Holliday et al. (2007) proposed that the EGCC merges with 
the East Greenland Current/Irminger Current close to Cape Farewell, with the merged coastal current and 
shelf break jet eventually forming the WGC. Amalgamating data from multiple cruises, Rykova et al. (2015) 
found a single current at the West Greenland shelf break west of Cape Farewell, near Cape Desolation. 
From 2 years of mooring data (2014–2016) just east of Cape Farewell along the OSNAP East line, Le Bras 
et al. (2018) found a vigorous and distinct EGCC as a separate current core to the shelf break East Greenland 
Current (EGC), with strong, winter intensified freshwater transport in the coastal EGCC branch.

The concept of a WGCC was first put forward by Lin et al. (2018) using velocity data collected in the sum-
mer of 2014. This work revealed that the EGCC, instead of merging with shelf break current, maintains 
its identity as it encounters Cape Farewell and bifurcates such that a small branch stays on the inner west 
Greenland shelf with a main branch accounting for most of the flow diverted to the outer shelf. The WGCC 
refers to this part of coastal current that is on the west side of Cape Farewell. However, the study of Lin 
et al. (2018) is based on a single shipboard survey around the southern tip of Greenland in summer of 2014. 
Using three cruises that same summer, as well as δ18O data and drifters, Benetti et al. (2019) noted that the 
freshwater associated with the EGCC was close to the shore east of Cape Farewell, with most of the flow 
joining the shelf break current as the flow rounded Cape Farewell, leaving a weak near surface remnant on 
the shelf southwest and west of Cape Farewell.

A recent modeling study employing passive tracer to analyze Greenland freshwater fluxes found a small 
branch or pathway of Greenland tracer flowing northward along the west coast of Greenland, inshore of 
the main branch on the continental shelf break (Dukhovskoy et al., 2019). They also indicated, by trac-
er shelf-basin flux analysis, that exchange across the southwestern Greenland continental shelf break ac-
counts for 85% of the Greenland freshwater anomaly from the shelf to the interior Labrador Sea.

With the latest data from the first high-resolution mooring array deployed across the West Greenland 
boundary current system, from 2014 to 2018, as part of OSNAP (Lozier et al., 2017), Pacini et al.  (2020) 
observed a WGCC as a separate surface intensified flow in the vicinity of the outer shelf and shelf break, 
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although it merged with the WGC in the annual mean. They also found the WGCC to have its maximum 
transport in spring when its waters were the warmest and freshest.

Thus there is still considerable uncertainty in how the EGCC influences the currents to the west of Cape 
Farewell (Figure 1a). Considering the fact that the coastal current entrains the freshest, most buoyant water 
from the Arctic as well as Greenland ice sheet discharge, the impact on the occurrence of deep convection 
could be very significant once freshwater is fluxed into interior Labrador Sea (Lin et al., 2018). The Green-
land coastal currents are typically characterized with a width between 15 and 20 km (Bacon et al., 2014). 
Limited observations outside of summer along with very narrow structure mean that these coastal currents 
are often poorly resolved in observational studies. We thus use an extremely high-resolution numerical 
model, run with a mesoscale resolving horizontal resolution of 1°/60° for the Labrador Sea (Pennelly & My-
ers, 2020). The ability of a model of such a resolution to resolve the Rossby Radius on the shelf is discussed 
in Section 2.

We use a decade of this model’s output, with a spatial resolution of 800–900 m in the vicinity of Cape Fare-
well, to explore the structure and variability features of the west Greenland coastal current system including 
the WGC and WGCC.

The study is organized as follows: Section 2 describes the simulation used. Section 3 presents the properties 
and seasonal variability of the coastal current system in terms of velocity, freshwater content and tempera-
ture. Section 4 presents the model transport estimates. Discussion and conclusions are drawn in Section 5.

2. Model Description
The simulation used in this study was implemented with the Nucleus for European Modeling of the Ocean 
(NEMO; Madec, 2008) numerical framework, version 3.6. The large-scale parent domain was built from 
the global tripolar ORCA025 mesh and covers the Arctic and the North Hemisphere Atlantic (ANHA; Hu 
et al., 2018) from Bering Strait to 20°S at ¼° resolution (ANHA4). Two nests are then created using the 
Adaptive Grid Refinement In Fortran package (AGRIF; Debreu et al., 2008). The first is a 1°/12° nest in 
the North Atlantic subpolar gyre with a 1°/60° additional inner nest for the Labrador Sea. Except resolu-
tion-dependent parameters (e.g., model time step, horizontal viscosity, and diffusivity), all parameters are 
consistent with the ANHA4 configuration. Two-way feedback is applied to allow communication between 
the parent domain and the nest along the boundary as well as from the nest interior back onto the parent 
domain. For both parent and nested domains, the initial (3-D temperature, salinity, horizontal velocities, as 
well as two-dimensional sea surface height, and sea-ice) and open boundary (ocean temperature, salinity, 
and velocities) conditions are provided by the Global Ocean Reanalyzes and Simulations (GLORYS1v1) 
data-set (Ferry et al., 2010). No-slip lateral boundary conditions are used within the 1°/60° nested domain 
while free-slip conditions are used in the other domains. More detailed setup of the simulation can be found 
in Pennelly and Myers (2020).

Atmospheric forcing is supplied by the Canadian Meterological Centre’s Global Deterministic Prediction 
System ReForecast product (henceforth CGRF; Smith et  al.,  2014) and features hourly forcing fields of 
10 m wind speed, 2-m temperature and specific humidity, incoming shortwave and longwave radiation, as 
well as precipitation. CGRF has relatively high spatial resolution in the Labrador Sea (33 km). Interannual 
monthly river runoff (Dai & Trenberth, 2002; Dai et al., 2009) and Greenland melt water discharge (Bamber 
et al., 2012) were remapped onto the model grid, with a volume conservation approach, to have a more real-
istic freshwater input from land to ocean. The runoff data also includes freshwater via Greenland’s icebergs, 
though without an iceberg module, which is presently incompatible with AGRIF, all solid discharge is 
added to the liquid component. See Marson et al. (2018) for the impact of icebergs as simulated via ANHA4 
around Greenland. There is no restoring or surface relaxation applied, leaving the model to evolve freely.

The simulation used in this study was initialized in January 2002 and our analysis ends December 2014. 
Model output is saved as daily averages of each field for the previous 24 h. The vertical mesh contains 75 ge-
opotential levels from the surface to 5,900 m, with the highest resolution (1 m) at the surface and decreasing 
vertical resolution with depth (204 m at the bottom); the first 34 levels cover the top 250 m. Partial steps for 
the model bottom topography are applied (Barnier et al., 2007). Model bathymetry was interpolated from 
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Figure 1. (a) Schematic circulation around the southern tip of Greenland, with the sections marked by the colored 
lines (Pink—OSNAP East; Yellow—Greenland Institute of Natural Resources (GINR) Cape Farewell standard section; 
Cyan—OSNAP West; Red—WOCE AR7W line; and Green—GINR Cape Desolation section). The blue and red arrows 
correspond to the coastal current and shelfbreak current respectively. CF, JB, CD denotes Cape Farewell, Juliannehaab 
Bight, Cape Desolation respectively. The black contour lines indicate the 250, 500, 1,000, 2,000, and 3,000 m 
isobaths and the contour interval is non-linear. (b–d) show the number of model grid cells within the first baroclinic 
deformation radius (averaged over 2005 to 2014) for (b) the parent ¼ degree ANHA4 domain, (c) the intermediate 
1°/12° SPG12 nest and (d) the inner 1/60° LAB60 nest. The black contour lines indicate the 1,000, 2,000, and 3,000 m 
isobaths. The color bar for these 3 panels is located beneath panel (d). OSNAP, Overturning in the Subpolar North 
Atlantic Program.
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the 1°/60° ETOPO GEBCO data-set (Amante & Eakins, 2009) to each domain's grid, though bathymetric 
smoothing along nest boundaries was carried out in order to conserve volume where the parent domain 
supplies boundary conditions to the child domain. There may be some uncertainty with the bathymetry 
close to Cape Farewell, as some topographic features like a seamount just east of OSNAP West do not appear 
in other bathymetric maps of the region.

The horizontal resolution is around 800–1100 m in the study area of the Labrador Sea, allowing the model 
to resolve eddies well with a typical radius larger than ∼10 km in the Labrador Sea (Lilly et al., 2003). To 
confirm the need for such resolution, Figure 1d shows it is only within the inner 1°/60° nest (LAB60) that 
the model resolution allows multiple grid points to resolve the first baroclinic Rossby radius on the shelf, 
unlike for the parent domain (ANHA4, Figure 1b), as well as the first nest (SPG12, Figure 1c).

3. Results
We begin by looking at the upper ocean (top 50 m) current structure in the vicinity of southern Greenland 
over the course of the annual cycle (Figure 2). We also consider cross-sections across the current system at 
the locations of five observational sections (Figures 3 and S1): OSNAP East (Lozier et al., 2017), the Green-
land Institute of Natural Resources (GINR) Cape Farewell standard section (Mortensen,  2018), OSNAP 
West (Lozier et al., 2017), the regularly sampled WOCE AR7W line (Hall et al., 2013) and the GINR Cape 
Desolation section (Mortensen, 2018). Figure 3 contains model fields for OSNAP East, OSNAP West and 
Cape Desolation lines, while the model fields for Cape Farewell and AR7W lines are in Figure S1. Note that 
we extend each section to the coast to capture the inshore processes the model is able to resolve and plot 
cross-sections seasonally to reduce the number of panels. We define spring, summer, autumn and winter 
as March–May (MAM), June–August (JJA), September–November (SON) and December–February (DJF), 
respectively. We average all model fields over 2005–2014 to focus on the long term structure and avoid issues 
of interannual variability at this stage.

Despite the OSNAP East section just being within the model inner nest, we see a distinct EGCC on the shelf 
with maximum velocities exceeding 0.3 m s−1, separated by a velocity minimum from the EGC at the shelf 
break (Figures 2 and 3). That said, a rapid narrowing of the EGCC occurs, as the model current responds 
to the enhanced resolution and resolved deformation radius (Figure 1d). The deep red band of positive 
anomalies along the coast shows that the shelf current is widest and has a maximum velocity in winter, 
with a positive anomaly exceeding 0.1 m s−1 in October (Figure 2b). The main current jet, with velocities 
exceeding 0.5 m s−1 through the top 250 m flows around Cape Farewell and continues north along the west 
Greenland slope past Cape Desolation (Figures 3 and S1). It has a maximum speed in January, decreasing 
to a minimum in August and September (Figure 2b).

To evaluate the model fields, we compare the time-mean speed and potential density of OSNAP West and 
OSNAP East lines from August 2014 to April 2016 (Figure S2) to our long term mean model fields (Fig-
ure S3). The shelf break current is clearly seen in the observations at the two OSNAP sections just offshore 
of where the bathymetry drops off below 1,000 m (Figure S2). Here, the shelf current reaches a maximum 
speed in the upper 50 m of 0.2–0.3 m s−1 at OSNAP East and 0.3–0.4 m s−1 at OSNAP West. The mean shelf 
break current in our model (Figure S3) is located similarly, with a velocity core exceeding 0.5 m s−1 at the 
model OSNAP West section. However, the lack of resolution on shelf in the observations makes direct 
comparison impossible. In both the observations (Figure S2) and model (Figure S3) waters with potential 
density greater than 27 kg m−3 are found below 100 m and 40–50 km offshore at OSNAP East, with waters 
of similar densities below 100 m and 70 km offshore at OSNAP West. Although we would like to evaluate 
the model further with direct observations, the lack of observational data on the shelf makes it difficult.

The coastal current remains coherent on the shelf rounding Cape Farewell through to the GINR Cape Fare-
well line. That said, the current broadens in fall and winter out to the shelf break, while retaining a tight and 
narrow core in summer with velocities of 0.3–0.4 m s−1 separated from the offshore main jet with a region of 
weak flow slower than 0.1 m s−1 (Figures 2 and S4). The broadening is wind driven. To confirm this, we use 
the JRA55-do reanalysis product (Tsujino et al., 2018) and compute the monthly mean Ekman transports 
in the region of Cape Farewell (45.3 W-42.3 W, 59.2 N-60.5 N), averaged over 2005–2014. The meridional 
component of the Ekman transport between OSNAP East and the Cape Farewell line being −0.26 m2 s−1 

GOU ET AL.

10.1029/2020JC017017

5 of 15



Journal of Geophysical Research: Oceans

(southward, offshelf) averaged over November through March compared to 0.05 m2 s−1 (northward, on-
shelf) averaged over May through August. The wintertime acceleration of the current is also related to the 
winds, with the westward Ekman transport, calculated over the same region as the meridional component, 
is −0.55 m2 s−1 over November through March compared to −0.22 m2 s−1 over May through August.
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Figure 2. Horizontal maps of the mean top 50 m speed (a) averaged from 2005 to 2014 and the monthly anomalies (b). Sections are shown with green dots 
representing actual stations and gray lines denote the 250 m isobath.
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Between October and March, the coastal jet merges with the main slope jet just past the Cape Farewell sec-
tion. There is still a broad diffuse flow in the 0.1–0.2 m s−1 range northwards on the shelf at this time (Fig-
ures 2 and S4). Meanwhile, in the remaining months, a distinct current with velocities exceeding 0.2 m s−1  
can be seen on the inner shelf.

By OSNAP West the flows have reorganized such that there are three distinct jets year round crossing this 
section (Figures 2a and S4). The inshore branch is strongest in summer with velocities approaching 0.4 m s−1,  
while a second, shelf-break branch is weaker, reaching a wintertime maximum of 0.3 m s−1. This splitting of 
the coastal flow occurs due to the presence of a small seamount just upstream of OSNAP West (Figure 2a). 
The third branch, along the slope, is the main WGC.

The flow gets very disorganized in Juliannehaab Bight, with at least three distinct current cores with typical 
upper ocean velocity ∼0.2 m s−1 being visible on the shelf from October through March (Figure 2). The 
flow branching is related to bathymetric features that lead to the flow splitting and then reconnecting after-
ward. By AR7W, the flow has reorganized itself into a coastal current covering most of the shelf (Figures 2 
and S1) plus the main slope jet. Northward, near Cape Desolation, the shelf current has narrowed and has 
been pushed towards the outer edge of the shelf (Figure 3). There is a more distinct band of minimum 
flow between the shelf and slope cores at Cape Desolation than at AR7W (Figures 2 and 3), again linked to 
topographic features.
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Figure 3. Seasonal velocity magnitude at Cape Desolation, OSNAP West, OSNAP East sections (a–c) averaged from 2005 to 2014 (March–May (MAM), June–
August (JJA), September–November (SON) and December–February (DJF) denote boreal spring, summer, autumn and winter respectively). Pink solid lines 
denote the integral area for the Greenland coastal current transports. Black solid lines are isopycnals with interval equal to 0.5 kg m−3 and white solid lines 
are the 34.8 isohaline. Gray dashed lines denote the location of sectional stations. Location of the sections is shown in Figure 2. OSNAP, Overturning in the 
Subpolar North Atlantic Program.
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The pathways of the coastal West Greenland Current system that we indicate here is very similar to that 
shown by the recent drifter study of Duyck and De Jong (2021). They found the coherent core of slow eddy-
ing WGCC meanders between Cape Farewell and Juliannehaab Bight. They also noticed a merging between 
the WGCC and WGC that is distinct compared to the clearly separated EGCC and EGC.

Seasonal upper 50 m freshwater content (reference salinity 34.8—chosen to be consistent with other studies 
in the region—e.g., Myers et al., 2009) and temperature distribution reveal how the water mass properties 
vary through the region over the year (Figure 4). This highlights the separation between water of Atlantic 
and polar origins and marks the transition between predominantly temperature-stratified and salinity-strat-
ified waters (Le Bras et al.,  2018), with strongest gradients of temperature and freshwater on the slope, 
aligned with the main current jet.

The freshwater content (Figure 4) is the highest on the continental shelf of Greenland throughout the year. 
This indicates that WGCC and EGCC carry fresher upper water masses than the WGC. On the continental 
shelf of Greenland, the freshwater content decreases from a maximum of ∼4.5 m in summer to a minimum 
of ∼3 m in winter. The summer maximum, being coastally trapped by the onshore Ekman transport during 
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Figure 4. Horizontal maps of seasonal upper 50 m freshwater content (a) and temperature (b) averaged from 2005 to 2014 (March–May (MAM), June–August 
(JJA), September–November (SON) and December–February (DJF) denote boreal spring, summer, autumn and winter respectively). Location of the sections is 
shown in Figure 2 and gray lines denote the 250 m isobath.
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this season, is likely a sign of strong Greenland melting in summer, with 
the fall signal consistent with the advection of meltwaters from further 
north off east Greenland (Benetti et al., 2019; Dukhovskoy et al., 2019).

The upper 50 m temperature (Figure 4) is not evenly distributed spatial-
ly, increasing by ∼3°C from a minimum in spring to the maximum in 
autumn due to seasonal surface warming. The entire shelf is close to the 
freezing point in winter and spring, before warming through summer. 
The EGCC advects colder water from the north (Figure 4), with tempera-
tures on the shelf warming by ∼1°C–2°C from east to west.

The seasonal variability of density on the Greenland continental shelf, 
seen from seasonal density contours (Figures 3 and S1), is mainly driven 
by salinity. Therefore, the buoyancy of the upper 50 m carried by WGCC 
and EGCC depends on the salinity of the water (which sets the freshwater 
content) and thereby largely follows its seasonal variability. On the shelf, 
there is dense water (potential density greater than 27 kg m−3) brought up 

each summer and fall between OSNAP East and AR7W (Figures 3 and S1), reaching the inner shelf below 
150 m in June, July and August.

4. Transports of the Coastal Current System
The annual cycle of the transport in the coastal current system is presented based on the five observational 
sections described above. We define the transport to be positive when it is directed to the north and north-
west along the main axis of the west Greenland shelf. Monthly averages are produced based on 5-daily 
averaged 2005–2014 model fields.

The edge of Greenland coastal current can be defined by isohaline only (34 salinity—e.g., Harden 
et al., 2014) or velocity only (e.g., Lin et al., 2018) or both (e.g., Sutherland et al., 2009). In the study of 
Foukal et al. (2020) analyzing the East Greenland boundary current system, they defined the coastal current 
as the inner half of the shelf and fresher than 34 salinity. Based on Foukal et al. (2020)'s definition, for all 
the sections indicated above except OSNAP East, we define the coastal current, and thus the transports, 
based on integrating the model velocity fields perpendicular to each section where the salinity is lower than 
34.0 and bathymetry is shallower than 250 m (see Figure 3). As for OSNAP East, we use the position of the 
velocity minimum offshore of the EGCC, which we define as the 40 km mark, and also where the salinity 
is lower than 34.0, as the offshore edge of the coastal current. By doing so, we remove the issue of the shelf 
break current intruding onto the shelf at this section.

The freshwater transports and heat transports are calculated with different combinations of reference val-
ues. For the choices of different reference salinity values, previous studies use reference salinities rang-
ing from 34.8 to 35 with different arguments (34.8 (the most common)—e.g., Lin et al., 2018 and Myers 
et al., 2009, 34.9—e.g., Le Bras, 2018, 35.0—e.g., Bacon et al., 2014). The freshwater transport referenced to 
34.8 salinity is ∼15% larger than that to 35.0 salinity (Lin et al., 2018). As for temperature reference values, 
there are uses of 0°C in Myers et al. (2009) and −0.1°C in some studies focusing on the transports at Fram 
Strait. Therefore we choose 34.0, 34.4, 34.8, 34.9, and 35.0 as reference salinities and −1.8 (the freezing 
point), −0.1 and 0.0°C as reference temperatures to calculate the transports. The use of multiple refer-
ence values to compute transports provides information on the sensitivity to the choice of reference values 
and allows potential future studies to reconstruct the transports. Estimates referencing to 34.8 salinity and 
−1.8°C temperature are presented in the main manuscript (Table 1 and Figure 5), with the others in the 
supplementary materials (see Figures S5, S6 and Table S1).

In general, the seasonal cycle of the transports is consistent through the region, although there are some 
spatial differences (Figure 5). Volume transport reaches a maximum in October for all sections, and has 
another peak in February for all sections except for OSNAP East, where the additional peak is in January. 
Transport is minimum across all sections in August. The seasonal cycle in volume transport on the shelf is 
the largest at OSNAP East (max. ∼0.90 Sv, min. ∼0.27 Sv) to nearly flat at Cape Desolation (max. ∼0.49 Sv, 
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Section
OSNAP 

East
Cape 

Farewell
OSNAP 

West AR7W
Cape 

Desolation

VT (Sv) 0.61 0.45 0.54 0.50 0.41

FWT (mSv) 34.4 25.8 29.4 27.1 22.0

TT(TW) 5.3 4.0 5.7 6.5 5.4

Note. VT, FWT, TT denote volume transports, freshwater transports 
(relative to 34.8) and heat transports (relative to −1.8°C), respectively. 
Freshwater and heat transports computed using other reference values 
are given in Table S1.
OSNAP, Overturning in the Subpolar North Atlantic Program.

Table 1 
Annual Means (2005–2014) of Greenland Coastal Current Transports for 
Each Section
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min. ∼0.36 Sv). Minimum winter transport is ∼0.38 Sv from Cape Desolation northwards. Comparing Fig-
ure 3a with Figure 5a, although the cross section shows much smaller current speed in the MAM time span 
than the JJA, the volume transport in the MAM time span is much larger than the JJA, for which we suspect 
the wider current core in the MAM time span is the reason. The seasonal cycle of freshwater transports 
closely follows the volume transports at each section. Maximum transports in October range from 50.7 mSv 
at OSNAP East to ∼27.8 mSv at Cape Desolation. Although a minimum in freshwater transport is seen in 
August at OSNAP East (∼24.9 mSv) and Cape Farewell (∼20.3 mSv) like with the volume transport, by Cape 
Desolation the minimum in freshwater transport occurs in April and May (∼17.5 mSv). Heat transport also 
has an October maximum (∼15.7 TW at OSNAP East through to ∼11.0 TW at Cape Desolation). However, 
the heat transport is generally low through winter when the shelf waters are cold, leading to minimum 
transports of ∼2–4 TW through winter and early spring.

As well as a reduction in the amplitude of the seasonal cycle as one moves north and west along the shelf, 
there is also a reduction in the net transports. From a net transport on the shelf of ∼0.61 Sv at OSNAP 
East, there is a reduction to ∼0.50 Sv at AR7W. Although our annual averaged transport estimated at Cape 
Farewell is only ∼0.45 Sv, this may be an underestimate due to the narrowness of the shelf and the fact that 
positive velocities can be seen in deeper water that are well distinct from the main slope current (Figure 3). 
A significant reduction of ∼0.09 Sv in the net shelf transport occurs over the short distance between AR7W 
and Cape Desolation. Similar reductions are seen in the freshwater transport, from a long term mean of 
∼34.4 mSv at OSNAP East to ∼29.4 mSv at OSNAP West, and then another drop of ∼5.1 mSv from AR7W to 
Cape Desolation. Net heat transport doesn’t vary much, remaining about ∼6 TW across all sections (other 
than Cape Farewell, which is likely underestimated as discussed above).
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Figure 5. Mean annual cycle (2005–2014) of Greenland coastal current transports with dashed lines denoting annual means. Green, blue, red lines and y-axes 
correspond to volume transports, freshwater transports, heat transports respectively.
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5. Discussion, Conclusions and Perspectives
Using a very high-resolution (1°/60°) numerical simulation from 2005 to 2014, the annual cycle of the cur-
rent structure in the vicinity of southern Greenland is analyzed to present the seasonal variability of West 
Greenland Current System, including the WGCC. We also examine the model transports on the shelf to 
reveal the seasonal variability in a more quantitative perspective.

At OSNAP East, our results are consistent with Le Bras et al. (2018) in that the EGCC is a distinct core in-
shore of the shelf-break EGC. We also find winter intensified freshwater transport in the EGCC. Our trans-
port maximum in October is similar to that seen by Le Bras et al. (2018) for 2015, but earlier by 1–2 months 
compared to 2014, suggesting the presence of significant inter-annual variability. We find that a shelf break 
WGCC exists for about half the year between Cape Farewell and Cape Desolation. Near Cape Farewell, the 
coastal flow merges with the main WGC in winter and separates from the shelf break current between April 
and September.

The separation of the two currents in the model summer coincides with the analysis of cruise data around 
Cape Farewell in summer 2014 (Lin et al., 2018), indicating that the EGCC continues as a coastal current 
(WGCC) after encountering Cape Farewell rather than merging to form WGC. Additionally, this part of the 
coastal current still connects to the shelf break current in May to the extent that a broad diffuse flow exists 
in between, with a clear separation starting in June (Figure 2). This is consistent for the transition from 
inexistence in May 2014 to existence in June 2014 of the WGCC in a cruise study (Benetti et al., 2019).

There is a three current system when the shelf widens in Juliannehaab Bight: A shelf component, a shelf-
break component and a main slope jet. A two-branch pattern of WGCC bifurcation in this region was re-
vealed by Lin et al. (2018), with a main branch on the outer shelf and a minor branch on the inner shelf. We 
show that this feature occurs due to a small seamount just upstream of OSNAP West, where the bottom rises 
from a background depth of ∼150 m to a minimum depth of 11 m.

As the shelf narrows at Cape Desolation, the flow reorganizes into the coastal current and the main slope 
jet without a shelf-break current. A single deep velocity core at Cape Desolation, reaching down into the 
Irminger Water at depth, is consistent with Fratantoni and Pickart (2007). Neither Myers et al. (2009) nor 
Rykova et al. (2015) were able to resolve the coastal shelf current from the hydrographic data they used 
although lowered acoustic Doppler current profiler data presented by Hall et al. (2013) in their Figure 2b 
hints at a distinct flow on the shelf at AR7W.

The previous paper that presents the model configuration (Pennelly & Myers, 2020) included as part of its 
supplementary material a video showing the evolution of the model mixed layer in the Labrador Sea. That 
video (https://doi.org/10.7939/r3-m6rk-h867) also shows the model sea ice edge (10% concentration). In the 
simulation, sea ice covers the EGCC area basically from January to May. But for the most part, the sea ice 
does not penetrate past Cape Farewell to cover the WGCC area along the shelf. Some ice is produced locally 
but does not seem to grow/migrate away. However, known years with strong convection/cold winters (e.g., 
2008, 2009, and 2012) have most of the shelf west of Greenland covered in sea ice in February and March. 
Satellite observation also shows that during the sea ice maximum in April and May, the sea ice may cover 
the EGCC but does not penetrate into the WGCC area at all (Le Bras et al., 2018). The sea-ice concentration 
is generally low enough that it is likely to have little impact on the circulation in the region, although we 
do show slowest coastal current speed in May (Figure 2), which is potentially due to the impact of the sea 
ice on the EGCC.

Our long term shelf transport at OSNAP East of 0.61 Sv is smaller than Le Bras et al. (2018)’s 0.86 ± 0.1 Sv, 
but our freshwater transport of 36.1 mSv (relative to 34.9) is close to their 42 ± 6 mSv (relative to 34.9). Fur-
thermore, our seasonal range of 25–50 mSv is also close to that of Le Bras et al. (2018) in both magnitude and 
phase. The difference between our transports and Le Bras et al. (2018)'s transports could be due to the short 
timespan of the OSNAP East data they used, which is only 24-month and for a period that began several years 
after the end of our model analysis period. For example, using a configuration functionally equivalent to 
the outer nest used here, Pennelly and Myers (2021) computed the freshwater transport in the EGC at Cape 
Farewell. Although they used a slightly different definition of shelf water (S < 34.8, σθ < 1,027.68 kg m−3),  
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and used multiple wind stress forcing products, their timeseries showed larger transports over 2014–2016 
compared to our averaging period of 2005–2014 here.

Our estimates for along shelf transport at Cape Farewell and OSNAP West are smaller than those observed 
by Lin et al. (2018) for their k5 and k7 sections. As stated above, our Cape Farewell estimates are likely low 
because of how we chose to define the coastal current. The reason is less clear for OSNAP West, especially 
as August is our month for minimum coastal current transport. That said, there is significant inter-annual 
variability, and Lin et al. (2018)'s 2014 measurements are from a year that Pennelly et al. (2019) find has 
strong alongshore freshwater transport of Polar Water at Cape Desolation.

Rykova et al. (2015) used 18 occupations of AR7W (five in winter) and altimeter-derived surface velocity 
to reconstruct the boundary current system at AR7W. Meanwhile Myers et  al.  (2009) used summer hy-
drographic data and a frontal model to examine the WGC at Cape Desolation. Our transport numbers for 
AR7W through to Cape Desolation of 0.4–0.5 Sv and 22–27 mSv are not directly comparable with either 
Myers et al. (2009) or Rykova et al. (2015) since they both focused on the WGC and had little resolution on 
the shelf. Although Myers et al. (2009) estimated a larger transport for the non-Irminger Water portion of 
the WGC of 3.7 Sv using their frontal model, Rykova et al. (2015) found 2.0 Sv using a different definition of 
the Irminger Water boundary. Still, in either case, even though the shelf has narrowed significantly by Cape 
Desolation, a WGCC transport of 0.4 Sv is not negligible. More significant is that our annually averaged 
shelf freshwater transport estimates are around a third of the 55–60 mSv WGC transport found at similar 
locations by Myers et al. (2009) and Rykova et al. (2015).

The net transport of the coastal current system decreases northward and westward along the shelf. In our 
model, the 25% decrease of the freshwater transports from 34.4 mSv at OSNAP East to 25.8 mSv at Cape 
Farewell is basically consistent with the observed freshwater transport loss of the coastal current as it rounds 
Cape Farewell (29%, Lin et al., 2018). This decrease in transport is most likely the results of substantial ex-
change of WGCC water with WGC (Lin et al., 2018), transporting its cold, fresh Upper Polar Water (UPW, 
Pacini et al., 2020) into the WGC. However, our Cape Farewell estimates are likely low because of how we 
chose to define the coastal current. Thus, it may be that more freshwater leaves the coastal current along 
the west Greenland shelf after Cape Farewell than before it along the east Greenland shelf. Yet Duyck and 
De Jong (2021) found drifters, and thus freshwater, exchanged between coastal flows and the shelfbreak, on 
both sides of Cape Farewell.

Given that the main EGC/WGC system at Cape Farewell transports 11.7 Sv after losing water to a retrof-
lection (Holliday et al., 2007), the coastal current is not a significant source of water to the main current 
system. However, given annual averaged estimates of EGC freshwater transport of 42 mSv at OSNAP East 
(Le Bras et al., 2018) and 55–60 mSv at AR7W/Cape Desolation (Myers et al., 2009; Rykova et al., 2015), this 
export from the coastal system explains the increase seen in the main WGC freshwater transport in this re-
gion. Although the estimates of Myers et al. (2009) and Rykova et al. (2015) may include some of the coastal 
current transport, unless all of the freshwater on the shelf remains there through to Davis Strait, then the 
net export of freshwater from the WGC system to the Labrador Sea interior is likely to be in the 75–80 mSv 
range, which is larger than previously thought. Additionally, given the exchange of freshwater from the 
coastal current to the boundary current as the flow rounds Cape Farewell, any additional meltwater from 
a warming East Greenland is likely to end up in the Labrador Sea. Yet, the 22 mSv of freshwater transport 
remaining on the shelf at Cape Desolation suggests that some of this offshore exchange of low salinity 
water occurs farther north in the Labrador Sea and may not be directly impacting the deep convection site, 
instead playing a role in increasing the stratification in the northern Labrador Sea (Chanut et al., 2008; Luo 
et al., 2016; Pennelly & Myers, 2020; Tagklis et al., 2020). The coastal current will also receive a contribution 
from Greenland melt to West Greenland as it flows north, although much of this water is likely to remain 
near the coast and enter Baffin Bay (Gillard et al., 2016). That said, the behavior of the WGC in the northern 
Labrador Sea is under-studied and worth further examination.
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Data Availability Statement
The Fortran code used to carry out the LAB60 simulation can be accessed from the NEMO version 3.6 
repository (https://forge.ipsl.jussieu.fr/nemo/browser/NEMO/releases/release-3.6, last access: October 14, 
2020). A few Fortran files were modified to handle our passive tracers. The complete Fortran files as well 
as the CPP keys, namelists, and associated files can be found on Zenodo (https://doi.org/10.5281/zeno-
do.3762748, Pennelly, 2020). The initial and boundary conditions, atmospheric forcing, and numerical out-
put were too large to host on a repository and are instead hosted on our lab's servers as well as the Compute 
Canada Niagara (http://www.computecanada.ca). OSNAP data were collected and made freely available by 
the OSNAP (Overturning in the Subpolar North Atlantic Program) project and all the national programs 
that contribute to it (www.o-snap.org).
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