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Abstract

Analyzing a high-resolution (1/60°) numerical model over 2008 to 2018, the inter-annual variability of the West Greenland

Coastal Current (WGCC) on the shelf and West Greenland Current (WGC) at shelf break is presented. Both currents flow

from Cape Farewell and extend to Davis Strait, with their model speeds and transports corresponding well with observations.

The inter-annual variability of the WGCC and WGC near southwest Greenland are opposite, with the former declining while

the latter strengthened, both by a speed change above 0.1 m/s. Both currents are predominantly buoyancy forced, but wind

forcing becomes more dominant towards Davis Strait. The main exchanges from the two currents to interior occur between Cape

Desolation and Fylla Bank, with net volume, freshwater, heat transport decreases of 1.4 Sv, 13 mSv, 36.7 TW. The freshwater

transport of the WGC itself does not drop in between these sections, receiving freshwater from the WGCC to compensate for

the losses to the basin interior. Thus, we see significant freshwater (83.1 mSv) and heat transports (70.7 TW) of the WGC

remaining at Fylla Bank that reach the northern basin instead of being fluxed into the interior pof the Labrador Sea. This

suggests that the exchange between the current system and the interior is more limited than previously thought, and most of

the Greenland and Arctic melt reaches the northern Labrador Sea. Our results highlight the importance of resolving the WGCC

and shelf processes.
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Key Points: 10 

• The net freshwater transport of the WGC does not drop between Cape Desolation and 11 

Fylla Bank sections 12 

• Along southwest Greenland, the shelf component weakens while the shelf break 13 

component strengthens, both by >0.1 m s-1 , over 2008-2018. 14 

• The current system is buoyancy driven near southwest Greenland, with wind forcing 15 

more dominant in the north. 16 

Abstract 17 

Analyzing a high-resolution (1/60°) numerical model over 2008 to 2018, the inter-annual 18 

variability of the West Greenland Coastal Current (WGCC) on the shelf and West Greenland 19 

Current (WGC) at shelf break is presented. Both currents flow from Cape Farewell and extend to 20 

Davis Strait, with their model speeds and transports corresponding well with observations. The 21 

inter-annual variability of the WGCC and WGC near southwest Greenland are opposite, with the 22 

former declining while the latter strengthened, both by a speed change above 0.1 m/s. Both 23 

currents are predominantly buoyancy forced, but wind forcing becomes more dominant towards  24 

Davis Strait. The main exchanges from the two currents to interior occur between Cape 25 

Desolation and Fylla Bank, with net volume, freshwater, heat transport decreases of 1.4 Sv, 13 26 

mSv, 36.7 TW. The freshwater transport of the WGC itself does not drop in between these 27 

sections, receiving freshwater from the WGCC to compensate for the losses to the basin interior.  28 

Thus, we see significant freshwater (83.1 mSv) and heat transports (70.7 TW) of the WGC 29 

remaining at Fylla Bank that reach the northern basin instead of being fluxed into the interior pof 30 

the Labrador Sea. This suggests that the exchange between the current system and the interior is 31 

more limited than previously thought, and  most of the Greenland and Arctic melt reaches the 32 

northern Labrador Sea. Our results highlight the importance of resolving the WGCC and shelf 33 

processes. 34 

Plain Language Summary 35 

The  West Greenland Coastal Current (WGCC) is a shelf current that carries the cold and fresh 36 

water from the Arctic and Greenland, and the West Greenland Current (WGC) is a shelf break 37 

current that carries the Arctic water at surface and warm, salty Atlantic water at depth. Their 38 

transports could have a significant impact on the stratification in the Labrador Sea. However, due 39 
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to the lack of observations and insufficient model resolution, their inter-annual variabilitiy is not 40 

understood yet. In this study, we present their inter-annual variability along the west Greenland 41 

coast, from a high-resolution  numerical model from 2008 to 2018. Both currents flow from 42 

Cape Farewell north to Davis Strait. The variability of the WGCC and WGC near southwest 43 

Greenland are opposite, with the former declining while the latter strengthened. The currents are 44 

forced by both wind and buoyancy, with wind more important the further north. Between Cape 45 

Desolation and Fylla Bank is where the most offshore exchanges from the currents to the interior 46 

Labrador Sea occurs. Nevertheless, the exchanges are limited as the majority of the freshwater 47 

and heat flows to the north.  48 

1 Introduction 49 

1.1 West Greenalnd Current 50 

The West Greenland Current (WGC; Figure 1) has a significant role in modulating the 51 

deep convection in the Labrador Sea (Li et al., 2021), where an important  mode water – 52 

Labrador Sea Water (LSW), is produced. It is a strong current that is situated on the shelf break 53 

of  west Greenland. It carries a significant amount of buoyant water, with low salinity water of 54 

Arctic origin at the surface, as well as the warm and salty Irminger water at intermediate depths 55 

(Myers et al., 2007; Fratatoni and Pickart, 2007; Pacini et al., 2021). These water masses are 56 

transported into the interior Labrador Sea either through offshore Ekman transport (e.g., Luo et 57 

al., 2016; Schulze-Chretien & Frajka-Williams, 2018) or eddies (e.g., Bracco et al., 2008; de 58 

Jong et al., 2014; Katsman et al., 2004). This lateral exchange offers a buoyancy flux to restratify 59 

the water column (Luo et al., 2016), thus affecting the deep convection. Therefore, the WGC’s 60 

volume/freshwater transport can significantly modulate the density anomaly across the Labrador 61 

Sea (Zou et al., 2020) impacting convection, LSW formation and potentially the Atlantic 62 

Meridional Overturning Circulation (AMOC; Li et al., 2021). 63 

In terms of the WGC transports, Myers et al. (2009) calculated a mean summer volume 64 

transport (relative to the 34.8 isohaline and 700 db) for 1984-2005 of 5.5 ± 3.9 Sv at the Cape 65 

Desolation section that decreases northward to 0.0 ± 0.3 Sv at the Sisimiut section , using the 66 

data from the Greenland Institute of Natural Resources (GINR) standard sections (Figure 2; 67 

Mortensen, 2018). The corresponding mean freshwater transports, referenced to a salinity of 34.8 68 

are 54.4 ± 22.4 mSv at Cape Desolation section and 0.03 ± 5.4 mSv at Sisimiut section. Using 69 

multiple hydrography datasets for 1992-2008, Rykova et al. (2015) showed a mean volume 70 

transport (relative to the 3000 m isobath, 34.4 isohaline and 1000 db) of 1.8 ± 0.15 Sv and a 71 

mean freshwater transport of 60.1 ± 16 mSv (referenced to a salinity of 34.3) at the AR7W 72 

section. Besides those observational studies, a study using an eddy-permitting model showed that 73 

the mean northward components of the volume transport and freshwater transport referenced to a 74 

salinity of 34.8 for 1965-2002 across the Davis Strait are 1.2 Sv and 15.7 mSv respectively 75 

(Lique et al., 2009), despite the net transport at Davis Strait being southward (Curry et al., 2011, 76 

2014). An eddy-rich modelling study revealed that the mean WGC volume transports for 2004-77 

2013 at Maniitsoq and Sisimiut are ~0.8 Sv and ~0.7 Sv respectively, and the corresponding 78 

mean WGC heat transports referenced to 0°C are ~10 TW for each section (Myers et al., 2021). 79 

However, the transport comparison among the studies is difficult considering the different time 80 

periods and definitions for the currents. 81 
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1.2 West Greenalnd Coastal Current 82 

As a part of the West Greenland Current system, the West Greenland Coastal Current 83 

(WGCC; Figure 1), a recently discovered shelf current (Lin et al., 2018), has recently received 84 

attention since it carries the coldest and freshest water in this region, the upper polar water 85 

(Pacini et al, 2020). It was found that the East Greenland Coastal Current (EGCC), located on the 86 

east Greenland shelf, keeps its identity rounding Cape Farewell (Lin et al., 2018; Pacini et al, 87 

2020), becoming the WGCC. That said,  the WGCC is distinguished from the EGCC as its 88 

boundary with the shelf break current is not as clear (Duryck et al., 2021; Gou et al., 2021). 89 

Furthermore, it has been suggested that their may be considerable exchange between the WGCC 90 

and the WGC  near Cape Farewell (Lin et al., 2018; Gou et al., 2021).  91 

The WGCC was first demonstrated in the analysis of a summer cruise survey data in 92 

2014 (Lin et al., 2018). They showed that as it goes from Cape Farewell to Cape Desolation, its 93 

volume transport and freshwater transport decrease from 1.01 Sv to 0.42 Sv and from 49.50 mSv 94 

to 23.32 mSv, respectively (referenced to 34.8). Recently, its seasonality was studied by the 95 

sectional data from the Overturning in the Subpolar North Atlantic Program (OSNAP; Lozier et 96 

al., 2017) (Pacini et al., 2020) and combined in situ and satellite data (Majumder et al., 2021).  97 

Additionally, a recent high-resolution modelling study (Gou et al, 2021) has revealed very 98 

similar seasonal features as these observations showed, such as the seasonal transport cycles. 99 

Nevertheless, the inter-annual variability of the WGCC and WGC remain largely 100 

unknown, considering the short time-span (2014-2018) of the OSNAP data and the mainly 101 

summertime occupations of the other sections. Additionally, the fate of the WGCC north of Cape 102 

Desolation is an open question. Thus our use of a very high-resolution numerical model provides 103 

an useful tool for studying the behavior of the WGC/WGCC system along the west Greenland 104 

coast, including the system’s inter-annual variability. Given its ability to resolve the Rossby 105 

radius and many mesoscale features with a resolution reaching 800 m, the model is able to 106 

represent realistic behavior on the shelf (e.g. Pennelly and Myers, 2021, Gou et al., 2021), as 107 

well as the offshore exchange into the Labrador Sea (e.g. Pennelly and Myers, 2021). Thus, we 108 

use a decade of output of our model to study the inter-annual variability of the WGCC and 109 

WGC, analyzing the currents and their speed, transports and forcings, as well as the exchange 110 

into the Labrador Sea. 111 
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 112 

Figure 1. Schematic showing the geographical features and mean circulation pathways off the 113 

west Greenland coast. The blue and red arrows correspond to the WGCC and WGC respectively, 114 

and the red circles denote eddies shed by the WGC. CF, JB, CD, denotes Cape Farewell, 115 

Juliannehaab Bight, Cape Desolation respectively. The black contour lines indicate the 250, 500, 116 

1,000, 2,000, and 3,000 m isobaths and the contour interval is non-linear. 117 

2 Model and Method Description 118 

2.1 Model 119 

The model used in this study is based on the NEMO numerical framework, version 3.6 120 

(Madec, 2008). It has an inner nest of 1/60° resolution in the Labrador Sea, with a couple of 121 

outer nests covering the Arctic and the North Hemisphere Atlantic (ANHA; Hu et al., 2018) and 122 

the sub-polar gyre (Pennelly and Myers, 2020). In our study area, the horizontal resolution is 123 

around 800~1100 m. Thus  only within this nest can the model resolves the first baroclinic 124 

Rossby radius on the shelf (Gou et al., 2021). The atmospheric forcing has been changed to 125 

Drakkar Forcing Set 5.2 (DFS5.2; Dussin et al., 2016), instead of the Canadian Meterological 126 

Centre’s Global Deterministic Prediction System ReForecast product (CGRF; Smith et al., 2014) 127 

used in Gou et al. (2021), to better represent convection in the Labrador Sea (Pennelly and 128 

Myers, 2021). Ten-years of output from 2008 to 2018 saved as daily averages are used in this 129 

study. The vertical mesh consists of 75 layers with ~1 m resolution at the surface that decreases 130 

with depth, and the top 250 m is made up by 34 layers. The implementation of the simulation, 131 

the initial and boundary conditions, and other forcings, are explained in Gou et al. (2021). For 132 

further details of the model setup, please refer to Pennelly and Myers (2020). 133 

2.2 Transport calculation 134 

We look into the current transports at eight observational sections (Figure 2): OSNAP 135 

West (Lozier et al., 2017), the Greenland Institute of Natural Resources (GINR) standard 136 



Journal of Geophysical Research: Oceans 

 

sections – Cape Farewell, Cape Desolation, Fylla Bank, Maniitsoq, Sisimiut (Mortensen, 2018), 137 

and the regularly sampled WOCE AR7W line (Hall et al., 2013). We extend the sections onshore 138 

to cover the coastal current, and extend the northern three sections offshore to cover the whole 139 

WGC (Figure 2). 140 

The transports are defined to be positive when they are directed to the north and 141 

northwest along the main axis of the west Greenland shelf. The WGCC transports are based on 142 

integrating the model velocity fields perpendicular to each section  where the bathymetry is 143 

shallower than 250m (see Figure 1) and WGC transports are based on integrating farther offshore 144 

where the speed is larger than 0.1 m/s and the salinity is smaller than 34.8. Focusing on the 145 

freshwater component of the WGC instead of its Irminger water component, we thus apply the 146 

34.8 isohaline to denote the edge of the WGC as Myers et al. (2009) did. Since eddies are 147 

generated and shed by the WGC between Cape Desolation and Fylla Bank, for these sections, the 148 

WGC transport integrals are defined to only include those grid points where the velocity 149 

direction is northward along the coast. Since the speed of the WGC begins to slow at Maniitsoq 150 

and Sisimiut, and the offshore parts of the sections may capture the southward flow near the 151 

western boundary, for these sections, the definition for the WGC transport is changed to 152 

integrating offshore from the WGCC to where the salinity is smaller than 34.8 and the velocity 153 

direction is northward along the coast.  We calculate the freshwater transports and heat transports 154 

based on multiple reference values, due to the variety of them used in different studies (Gou et 155 

al., 2021). We only present the results referenced to 34.8 salinity and -1.8°C temperature in this 156 

manuscript, with the results referenced to other values in the supplementary material (Figures 157 

S1-S4). 158 

2.3 Method for analyzing the forcing mechanisms 159 

We apply the method from Whitney and Garvine (2005) that computes the wind-forced 160 

velocity components (uw) and buoyancy-forced velocity components (ub) of the currents. uw is 161 

induced by the wind-forced sea surface height gradient and ub is induced by the horizontal 162 

density gradient. The wind strength index (Ws),  the ratio between the uw and ub, denotes the 163 

relative importance between wind  and buoyancy forcing. When |Ws| is >1, the current is 164 

predominantly wind-driven. And when |Ws| is <1, the current is predominantly buoyancy-driven.  165 

This method has been applied to the EGCC, using observations (Sutherland & Pickart, 166 

2009) and modelling (Bacon et al., 2014). And it has been applied in the observational study of 167 

the WGCC by Lin et al. (2018). Here, we follow the application of this method by Bacon et al. 168 

(2014) as our study also uses a numerical model.  169 

The wind-forced velocity component uw is defined as 170 

𝑢𝑤 = √
𝜌𝑎𝑖𝑟

𝜌

𝐶10

𝐶𝐷
∙ 𝑈 171 

where ρair is air density set as a constant of 1.293 kg/m3, ρ is water density set as a constant of 172 

103 kg/m3, C10= 10−3(
2.7

|𝑈|
+ 0.142 +

|𝑈|

13.09
) is the surface drag coefficient, CD is the bottom drag 173 

coefficient set as a constant of 10-3, and U is the along-shelf 10-m wind speed (the component 174 

normal to the section) from DFS5.2 over the  period of 2008-2017.  U is averaged over the 175 
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coordinate points comprising each section that covers the width of each current, and |U| is its 176 

absolute value. 177 

The buoyancy-forced velocity component ub is defined as 178 

𝑢𝑏 =
𝑅1

𝑊
(2𝑔′𝑄𝑓)1/4 179 

where R1 is the first baroclinic Rossby radius, W is the width of the current, g’ is the reduced 180 

gravity, Q is the volume transport of the current, and f is the Coriolis parameter set as a constant 181 

of 1.3×10-4 s-1. Specifically, R1=NH/fπ is calculated at the location of the maximum of the top-182 

250 m averaged speed, where H denotes the full water depth for the WGCC or the depth where 183 

the salinity is below 34.8 for the WGC.  𝑁2 = −(
𝑔

𝜌
)

𝜕𝜌

𝜕𝑧
 is the buoyancy frequency and 

𝜕𝜌

𝜕𝑧
 is 184 

estimated as the density difference between the surface layer and the layer with a depth of H, 185 

divided by H (i.e. delta z).  W is the distance between the points where the speed falls to 70% of 186 

the maximum. The densities at those points are used to estimate g’=g (ρ2-ρ1)/ρ1, where g is set to 187 

be 9.8 m s-2 and ρ2 is on the offshore side. These densities are computed at 75 m depth, except at 188 

Fylla Bank and Sisimiut, where the surface layer is used as the continental shelf of these two 189 

sections are very shallow. Note that at the Fylla Bank and Sisimiut sections, as the currents are 190 

not coherent, and do not have a clear core that their speeds decline away from. Thus, to define 191 

W, the currents were divided into several branches when calculating W. So for these two 192 

sections, W and corresponding g’ are the sum of the W and g’ of each branch.  To avoid the 193 

southward flow in the west Labrador Sea at Sisimiut, only the offshore 180 km of the section are 194 

included in the calculation for that section. 195 

3 Speeds 196 

3.1 Annual mean strucutre 197 

We first look at the top-50 m model annual mean speed field off the west Greenland 198 

coast, averaged over 2008-2018 (Figure 2). The WGCC remains coherent with a strong year-199 

round on-shelf jet from the Cape Desolation section almost to the Paamiut section. Significant 200 

flow remains on the shelf north to the Sisimiut section and Davis Strait. Bands of narrow flow 201 

with annual mean velocities exceeding 0.1 m s-1 can be seen in the deeper water inshore of the 202 

various banks interspaced with regions of broader and weaker flow, consistent with the observed 203 

shelf flow around the Fylla Bank section (Myers et al., 2009). In the annual mean, the flow 204 

separates on the shelf between the Maniitsoq and Sisimiut sections, with most of the flow 205 

moving towards the shelf-break as the Sisimiut section is approached. The mean velocities 206 

inshore of the Maniitsoq section are close to 0.1 m s-1, and those at the Sisimiut section are 207 

generally lower than 0.05 m s-1, same as indicated by Myers et al. (2009). For further 208 

comparison, a direct meansurement of the northward surface velocity on the west Greenland 209 

shelf across the Davis Strait is 0.06 m s-1 while an estimate using hydrographic data is  0.02 m s-1 210 

(Azetsu-Scott et al, 2011). And the shelf velocity was observed to reach 0.1 m s-1 during 1987-211 

1990 (Cuny et al., 2005). 212 

The WGC continues north as a strong current with annual mean core velocities exceeding 213 

0.5 m s-1 until the Paamiut section, where there is a broad region with velocities exceeding 0.2 m 214 

s-1. Northward to the Fylla Bank section, the continental slope gets flatter as the 2000m and 215 

3000 m isobaths veer westward sharply. Correspondingly, the WGC splits into two branches at 216 
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the Fylla Bank section, with the major one along the 2000 m isobath, eventually joining the 217 

Labrador Current with velocities reaching 0.2 m s-1, and a narrower, weaker branch heading 218 

northward to Davis Strait and into Baffin Bay. Considering the fact that currents follow the f/H 219 

contours (f denotes Coriolis parameter and H denotes the bottom depth), the mean path of the 220 

northward branch largely follows the curving 500 m isobath close to the west Greenland shelf 221 

break, thus interacting with the observed southward flows that veer eastward from the western 222 

strait (Cuny et al., 2005; Curry et al., 2011; Curry et al., 2014). These phenomenon in the model 223 

also correspond to what was found in the observational study by Myers et al. (2009). And the 224 

paths of the WGCC and WGC from the Cape Farewell section to Davis Strait were similarly 225 

illustrated by Curry et al. (2014). The annual speeds of this northward branch could be as low as 226 

below 0.05 m s-1, and as high as above 0.15 m s-1. Stein (2004) had estimated that the speed of 227 

the WGC flowing through the Davis Strait is in the range of 0.1-0.36 m s-1. The modelling study 228 

by Lique et al. (2009) suggested that the WGC speed across the Davis Strait could reach 0.1 m s-
229 

1. And a recent observational study by Majumder et al. (2021) has shown that the speed of the 230 

WGC flowing from 61°N to 64-65°N is approximately 0.17 m s-1. 231 

 232 

Figure 2. Mean model top-50m speed field off the west Greenland coast for 2008-2018. Sections 233 

are shown by red lines, with yellow dots representing the actual stations, and the purple lines 234 

denote the 250m isobath. 235 

3.2 Inter-annual variability 236 

It is noted that north of Fylla Bank in 2010, the WGC and WGCC have speeds of ~0.15 237 

m s-1 and ~0.1 m s-1 respectively (Figure S5), which are the highest in the ten-year period. This 238 

anomaly is also reflected in Figure 3  revealing the annual anomaly, showing that the speed 239 

increases of the northern WGCC and WGC reached ~0.05 m s-1 and ~0.1 m s-1 respectively, that 240 

year. This is related to anomalous winds off the west Greenland coast in 2010, which led to 241 

anomalously large northward Ekman transport, increasing the transport of the WGC north 242 

through Davis Strait (Myers et al., 2021). 243 
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It is seen from Figure 3 that, south of Fylla Bank section, the speed anomaly of the 244 

WGCC becomes negative in the later years, while the negative speed anomaly of the WGC turns 245 

to positive correspondingly. Therefore, the inter-annual trend of the WGCC speed is opposite to 246 

that of the WGC over 2008-2018. The WGCC weakens by more than 0.1 m s-1 as the WGC 247 

strengthens with a speed increase that approaches 0.2 m s-1. This relation is especially noticeable 248 

south of Paamiut section, where the WGC is stable and does not shed eddies. North of Fylla 249 

Bank section, for both currents, the general speed anomaly does not follow the same pattern, 250 

both in terms of the magnitude and inter-annual variations. For example in 2010, there is a large 251 

positive speed anomaly for the northern WGC but large negative speed anomaly to the south. 252 

Furthermore, the difference between the north and south implies that the forcing mechanisms of 253 

the currents north of Fylla Bank section may be different from those to the south. 254 

 255 

Figure 3. Annual anomalies of the top-50m speed field for the given years referenced to the 256 

2008-2018 mean. Sections are shown by black lines, with green dots representing the actual 257 

stations, and the magenta lines denote the 250m isobath. 258 

 259 

4 Transports 260 

4.1 Annual mean transports 261 

The time-mean transports of the WGCC are presented in Figure 4. In comparison with 262 

the same model driven by different atmospheric forcing (see Table 1 in Gou et al. (2021)), 263 

differences are larger to the south, with the volume transport at Cape Farewell section  being 264 

0.14 Sv smaller and 0.07 Sv smaller at the OSNAP West section. For the AR7W and Cape 265 

Desolation sections, the differences are negligible. The model sensitivity to the atmospheric 266 

forcing is strongest near Cape Farewell and maybe related to the inflows into the inner nest. Our 267 

time-mean volume transports of the WGC for 2008-2018 (Figure 4a) are in the ranges of the 268 
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means for 1984-2005 shown by Myers et al. (2009), except for larger values at Fylla Bank (3.5 269 

Sv versus 1.1±0.9 Sv) and Maniitsoq (1.2 Sv versus 0.1±0.2 Sv). This could be due to the fact 270 

that we include the unstable part of the WGC that sheds eddies at Fylla Bank, and a part of the 271 

WGC at Maniitsoq is located in the extended part of the section in this analysis.  272 

Our time-mean freshwater transports are generally larger than Myers et al. (2009)’s 273 

results (e. g., 81.9 mSv versus 45.8±11.8 mSv at Cape Farewell, 84.3 mSv versus 47.7±12.3 274 

mSv at Paamiut, and 12.2 mSv versus 0.03±5.4 mSv at Sisimiut) with the differences smallest 275 

at the Cape Desolation section (78.0 mSv vs 54.4±22.4 mSv). A speculation for the larger 276 

transports seen in this study is that the subarctic has undergone notable freshening, consistent 277 

with Arctic and Greenland warming and melting (Dukhovskoy et al., 2019). Additionally it may 278 

be that the Myers et al. (2009) values were biased low because of a poor representation of the 279 

low salinity flows on the shelf. In terms of mean heat transports referenced to 0°C (Figure S4), 280 

other than the differently defined Fylla Bank and Maniitsoq sections, our results are generally in 281 

the ranges of those presented by Myers et al. (2009). The exception is the Paamiut section where 282 

our heat transport of greater than 60 TW is much larger than the previous estimate of 25±13 283 

TW.  284 

For both the WGCC and WGC at the Sisimiut section, the combined model mean volume 285 

transport (0.45 Sv) and freshwater transport (16.4 mSv) (Figure 4) are very close to the Davis 286 

Strait transport estimates from previous observational studies, despite different definitions for the 287 

transport integrals. For instance, Curry et al. (2011) showed that the mean volume and freshwater 288 

transport (referenced to a salinity of 34.8) for the west Greenland shelf for 2004-2005 are 0.4 Sv 289 

and 15 mSv respectively. Another study by Curry et al. (2014) found that the mean volume and 290 

freshwater transport (referenced to a salinity of 34.8) of the West Greenland Shelf Water 291 

(recognized as the WGC; potential temperature<7°C; salinity<34.1) for 2004-2010 was 0.4 Sv 292 

and 17 mSv respectively. Their heat transport (referenced to 0°C) was computed to be 3 TW, 293 

which is smaller than our combined heat transport of 4.8 TW (Figures S3 and S4).  294 

4.2 Transport losses and exchanges 295 

Despite the splitting and re-combination of the WGCC on the shelf between OSNAP West 296 

and AR7W (Gou et al., 2021), there is no loss in the volume or freshwater transport between 297 

those two sections. The same is true for the WGC between these sections. Continuing north to 298 

the Cape Desolation section, there is little change in the total northward transport (Figure 4). 299 

However, offshore exchanges leads to the WGCC losing 0.07 Sv and 4.0 mSv of it volume and 300 

freshwater transports, respectively to the WGC. Given that Pacini and Pickart(2021) observe 301 

significant meandering of the WGC at OSNAP West, it is likely that those meanders are then 302 

damped, given the transport coherence to Cape Desolation. 303 

The observational study by Myers et al. (2009) showed the most significant exchange from 304 

the WGC to the Labrador Sea interior occurs between Cape Desolation and Fylla Bank. 305 

Majumder et al. (2021) has also pointed out that the offshore transport from the coast to the 306 

interior Labrador Sea mainly occurs at 61°N-62°N. Irminger Rings are also formed and 307 

exchange waters offshore in this region (Katsman et al., 2004). Although we see such offshore 308 

exchange, the ability to see more details of the currents with the high-resolution models shows us 309 

that the situation in this region is more complex. Offshore exchange from the shelf, likely due to 310 

Ekman transport, reduces the WGCC volume transport by over 50% between the Cape 311 
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Desolation and Paamiut sections, with a further reduction to 0.07 Sv by the Fylla Bank section. 312 

Similar reductions are see (Figure 4). Similar loses are seen for the WGCC’s freshwater and heat 313 

transport. 314 

Given the offshore losses by the WGCC are into the WGC, this additional waters masks 315 

the offshore loses from the WGC (Figure 4). Although the volume transport of the WGC drops 316 

only 0.3 Sv between the Cape Desolation and Paamiut sections, the total offshore exchange of 317 

water between those same two sections is 0.5 Sv. Similarly the boundary current system loses a 318 

total of 1.4 sv between the Cape Desolation and Fylla Bank sections. Interestingly, the WGC’s 319 

freshwater transport increases from the Cape Desolation to Paamiut sections, with only a small 320 

drop through to the Fylla Bank section (Figure 4). However, given the significant loses from the 321 

WGCC, in actual fact we seen a long term mean offshore freshwater transport of 13 mSv in this 322 

region. The offshore exchange of heat is more consistent with the changes in the volume 323 

transport, with 36.7 TW of heat fluxed into the interior of the Labrador Sea south of the Fylla 324 

Bank section.  325 

Myers et al. (2009) found warm season transports across the Fylla Bank section of 1.0 Sv 326 

and 23.0 mSv. Yet, we find a long term mean transport of the WGC across the Fylla Bank 327 

section of 3.5 Sv and 83.1 mSv (Figure 4). The reason for the difference is the extension of our 328 

section in this analysis to catch the significant transport following the isobaths around the 329 

northern rim of the Labrador Sea. Similarily, we find a WGC transport north across the 330 

Maniitsoq section of 1.2 Sv while Myers et al. (2009) found close to zero. Again, our use of an 331 

extended section captures transport continuing farther northward along the eastern margin of the 332 

Labrador Sea before turning westward. The remaining 0.4 Sv we see at the Sisimiut section is 333 

therefore the model’s long term mean transport for the WGC into Baffin Bay, supplemented by 334 

0.05 Sv by the WGCC on the shelf.  335 

Similarly, for freshwater transport, the precipitous decreases seen in Myers et al (2009) for 336 

the Fylla Bank and Maniitsoq sections compared to the Cape Desolation section are related to the 337 

short length of the northern observational sections used, rather than a near complete exchange of 338 

all the freshwater from the WGC into the interior of the Labrador Sea. Although there is little net 339 

northward freshwater transport into Baffin Bay on the shelf, 12.2 mSv enter that basin via the 340 

WGC. And the majority of the freshwater (over 80 mSv) carried north in the WGC, crosses the 341 

Fylla Bank (and the Maniitsoq section for a significant fraction) before turning west and 342 

circulating around the northern Labrador Sea. And although we don’t look at exchange into the 343 

Labrador Sea interior from its northern end, other studies (Schulze-Chretien and Frajka-Willians, 344 

2018; Pennelly and Myers, 2019) find little such exchange in this northern region. 345 

 346 
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Figure 4. Schematic showing the annual means (2008-2018) of the volume transport (a), 347 

freshwater transport (b), heat transport (c) for each section. The WGCC transports are denoted by 348 

the numbers inshore of the 250 m isobath (magenta line), and the WGC transports are denoted by 349 

the numbers offshore of the 250 m isobath. The transport losses of the WGCC and WGC from 350 

Cape Desolation to Fylla Bank are labelled by offshore and onshore braces, respectively. The 351 

total transport losses between sections are labelled by the pirple circles and numbers. 352 

4.3 Inter-annual variability 353 

Inter-annual events previously discussed are also reflected in the timeseries of the WGCC 354 

(Figure 5) and WGC (Figure 6) transports. The WGCC transports at Sisimiut and WGC 355 

transports at Maniitsoq are anomalously high in 2010, being ~0.3 Sv and ~1 Sv respectively 356 

larger than the mean. Another peak of the WGCC freshwater transport at the northern three 357 

sections is seen in 2012, while the WGC freshwater transports at these sections are minimal 358 

values. 2012 is a year with record Greenland melt (Nghiem et al., 2012; Tedesco et al., 2013), 359 

and the downwelling favorable winds during that year likely constrained the meltwater near the 360 

coast and transported it northward to the Baffin Bay (Luo et al., 2016). 361 

To the south of Fylla Bank, the trend of the WGC volume transport is opposite compared 362 

to the WGCC, though the variations from year to year may not correspond perfectly. There is 363 

unexpected southward WGCC transport of 0.05 Sv at Sisimiut and Maniitsoq in 2015 and 2016. 364 

This is consistent with the assumption made by Rysgaard et al. (2020) based on an observational 365 

water mass analysis, that southward coastal current transports exists in 2015 and 2016 south of 366 

Davis Strait. 367 

 368 

Figure 5. Annual WGCC transports with dashed lines denoting long-term means over 2008-369 

2018. Green, blue, red lines and y-axes correspond to volume transports (VT), freshwater 370 

transports (FWT), heat transports (HT) respectively. Each of the sections are identified in Figure 371 

1b. 372 
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 373 

Figure 6. Same as Figure 2 but for the WGC. 374 

 375 

5 The Forcing Mechanisms 376 

We now explore the forcing mechanisms of the currents and try explaining their inter-377 

annual variability. The monthly uw and ub of the WGCC at the Cape Desolation section are 378 

shown in Figure 7a. As uw is mostly negative throughout the ten-year period except in summer, 379 

upwelling favorable winds should prevail in this region that counter the buoyancy-driven flow 380 

(Whitney & Garvine, 2005). While during 2010 when uw is mostly positive, downwelling 381 

favorable winds prevail that augment the flow (Whitney & Garvine, 2005). This wind pattern 382 

and its anomaly in 2010 corresponds to those indicated by Myers et al. (2021). 383 

The decreasing trends of both the ub and uw could largely explain the decreasing trends of 384 

the WGCC transports. As |Ws| is mostly <1 throughout the whole period with a mean of ~0.5 385 

(Figure 7b), the WGCC is predominantly buoyancy driven. And when the wind is downwelling 386 

favorable (Ws >0), |Ws| is mostly <0.5. While when the wind is upwelling favorable (Ws <0), the 387 

frequency of events with |Ws|>0.5 or even |Ws|>1 is significantly more likely. Therefore, the 388 

possibility of anomalously strong upwelling favorable winds is larger than that for the 389 

downwelling favorable winds, thus having a larger impact on the WGCC overall. 390 

Using shipboard data in summer 2014, Lin et al. (2018) evaluated the |Ws| for the coastal 391 

current rounding Cape Farewell in the vicinity of the south Greenland, finding a mean of 0.18 392 

and a range of 0.05-0.41. Sutherland & Pickart (2009) showed that the |Ws| for the EGCC at an 393 

observational section just east of Cape Farewell, in the summers from 1997 to 2004, was in the 394 

range of 0.02-0.5, although except for being 0.5 at Cape Farewell in summer 2003, the |Ws| was 395 

below 0.25. They showed that the |Ws| for the EGCC at sections north of Cape Farewell in 396 

summer 2004 in the range of 0.05-0.25. Our |Ws| of the WGCC in summer is generally lower 397 

than that in other seasons (Figure 7b), so it is generally lower than the mean |Ws| and corresponds 398 
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well with these observational results, though there may be differences in wind and buoyancy 399 

forcings between the west and east Greenland shelf. Note that Bacon et al. (2014)’s modelling 400 

results showed that the |Ws| of the EGCC as close to 1 so that wind and buoyancy forcing were 401 

similarly important to the EGCC.  402 

In terms of the velocity components of the WGC at Cape Desolation (Figure 7c), its uw is 403 

basically the same as that of the WGCC (Figure 7a), as the wind does not change much over the 404 

small spatial scale between shelf and shelfbreak current. Meanwhile ub steadily increases over 405 

2008-2018. The Ws of the WGC (Figure 4d) has similar features as that of the WGCC (Figure 406 

7b), as indicated above, with a |Ws| of ~0.4. So the WGC at Cape Desolation is also 407 

predominantly buoyancy driven. And the increasing trend of the ub could largely explain the 408 

trend of the WGC transports discussed above (Figure 3). 409 

 410 

Figure 7. The monthly uw (blue solid line) and ub (red solid line) of the WGCC (a) and WGC (c) 411 

at Cape Desolation, with dashed lines denoting their linearly regressions. And the monthly Ws 412 

(black line) and its annual absolute value (green line) of the WGCC (b) and WGC (d) at Cape 413 

Desolation, with the dashed green lines denoting the time-mean absolute values. 414 

 415 

To the north of Cape Desolation, the forcing mechanisms of the currents change. The uw 416 

term is similar among the sections, consistent with large atmospheric scales. But the buoyancy 417 

terms evolve, changing the relative importance between wind and buoyancy forcing. At Fylla 418 

Bank, as the frequency of |Ws|>1 and that of |Ws|<1 are both high (Figure S6b and S6d), wind 419 

forcing and buoyancy forcing both become important to the WGCC and WGC, though the 420 

frequency of |Ws|<1 for the WGCC is much larger before 2009. Similarly, at Sisimiut, wind 421 

forcing and buoyancy forcing are both important to the WGCC (Figure S7b), while the wind 422 
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forcing is dominant in forcing the WGC as |Ws| is mostly >1 (Figure S7d). In all cases indicated 423 

in this paragraph, the time-mean |Ws| is much larger than 1, since extremely large |Ws| exists 424 

sometimes, especially when Ws<0. 425 

6 Discussion and Conclusions 426 

Using ten-years of output from a high-resolution (1/60°) numerical model, we presented 427 

the inter-annual variability of the WGC and WGCC in terms of their speeds, transports and 428 

forcing mechanisms.The WGCC and WGC are found to extend to Davis Strait during most 429 

years, especially during 2010 when the current speeds and transports are the highest in the study 430 

period. This could be due to the anomalous wind pattern in 2010 (Myers et al., 2021). The 431 

freshwater transports of the WGCC at the northern three sections showed maximums in 2012, 432 

which could be the result of the record Greenland melt and downwelling favorable winds in that 433 

year (Nghiem et al., 2012; Tedesco et al., 2013; Luo et al., 2016). While in 2015 and 2016, the 434 

transports of the WGCC at Sisimiut and Maniitsoq are southward, consistent with the assumption 435 

made by Rysggard et al. (2020). And at southwest Greenland, the inter-annual trends of the 436 

speeds and transports of the WGCC are opposite to those of the WGC, with the WGCC declining 437 

and the WGC strengthening, over 2008-2018. 438 

At Cape Desolation where large Greenland runoff exists, the WGCC and WGC are both 439 

predominantly buoyancy forced, and their buoyancy forced velocity components largely explains 440 

their transport variability. At Fylla Bank and Sisimiut, the wind forcing is more dominant, and 441 

the WGCC and WGC are forced by both wind and buoyancy except that the WGC at Sisimiut is 442 

predominantly wind forced. Generally, upwelling favorable winds provide a stronger forcing 443 

than downwelling favorable winds. 444 

Since both the WGC and WGCC are predominantly buoyancy-forced at Cape Desolation, 445 

their opposite trends in inter-annual variability implies the opposite impacts from Greenland and 446 

Arctic melt on the currents, which could change horizontal density gradients across the currents 447 

and thus their ub. There are areas like Juliannehaab Bight in the southwest Greenland (Figure 1a) 448 

that have significant Greenland melt discharge. And the WGC and the WGCC are the extentions 449 

of the East Greenland Current and EGCC, which originate from Fram Strait where large Arctic 450 

outflows pass through (Bacon et al., 2014; Sutherland & Pickart, 2009). In terms of the 451 

Greenland melt, the model experiment by Dukhovskoy et al., (2019) has shown a considerable 452 

lateral advection of the Greenland melt from the southwest Greenland shelf to the interior 453 

Labrador Sea. It was also suggested that the Greenland melt would be intensively vertically 454 

mixed as crossing the shelf. 455 

The transport decrease along the coast suggests substantial exchanges from the current 456 

system into the interior and northern Labrador Sea region. And the main exchange into the 457 

interior occurs between Cape Desolation and Fylla Bank, with the WGCC being the main 458 

freshwater source. The density anomalies in the Labrador Sea are mainly thought to be 459 

originated from the eastern subpolar gyre (Li et al., 2021), however, the exchange into the 460 

interior Labrador Sea also could generate density anomalies. The freshwater and heat inflows of 461 

13 mSv and 36.7 TW from the current system play nonnegligible roles in setting the 462 

preconditioning and restratification of the deep convection. Yet, as we show, the majority of the 463 

freshwater (~87%) and heat (~66%) in the combined WGC/WGCC current system are 464 

transported into the northern part of the basin, past the Fylla Bank section (Fig. 4), where they 465 

likely circulate around the basin, before flowing south with the Labrador Current.  This is also 466 
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consistent with tracer and virtual Lagrangian float studies that show most of the freshwater 467 

coming from the Greenland icesheet reaches the northern Labrador Sea and/or the Labrador 468 

current rather than the interior convective patch (Gillard et al., 2016, Luo et al., 2016). This may 469 

be why higher resolution model studies generally do not find a significant impact of Greenland 470 

freshwater on Labrador Sea water formation as of yet (e.g. Böning et al., 2016). Poor 471 

representation of the WGCC and shelf processes may lead to low salinity water being farther 472 

offshore in coarse resolution models and thus easier to exchange into the interior. For example, 473 

based on a 1/12th degree simulation functionally equivalent to the intermediate nest used here, 474 

Pennelly and Myers (2019) found a long‐term (2006–2016) annual mean exchange of 21 ± 11 475 

mSv of freshwater (also relative to 34.8) across the 2,000‐m isobath to the interior of the 476 

Labrador Sea. Which is almost double our estimate of 13 mSv over 2008-2018, which is unlikely 477 

to be due to the small difference in averaging period. 478 

Limited exchange of freshwater into the Labrador Sea interior is also consistent with 479 

strong deep convection occurring in the Labrador Sea in recent winters (Yashayaev and Loder, 480 

2016). Thus, even if a warming climate leads to continued enhancement in Greenland and Arctic 481 

melt and an increase in transport in the WGC system, it is open question if a significant 482 

component of that increase will reach the convective portion of the interior of the Labrador Sea. 483 

It is possible such additional low salinity water may accumulate in Baffin Bay, although 484 

Dukhovskoy et al. (2021) suggests that the sub-polar interior will be more sensitive to enhanced 485 

freshwater from the southwest Greenland shelf. If much of the recent increases in Greenland 486 

melt (Bamber et al., 2018) was not lost to the interior of the Labrador Sea, but followed the 487 

boundary current system around the Labrador Sea, there is potential that this water contributed to 488 

the record sub-polar gyre freshening event between 2012 and 2016 that Holliday et al. (2020) 489 

reported on. 490 
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