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Key Points: 8 

• Drifter tracks show steering from shelfbreak towards the EGCC at Sermilik Trough and 9 

exchanges between the EGC and EGCC downstream. 10 

• West of Cape Farewell, drifters in the EGC and EGCC are redistributed into a shelfbreak 11 

core and a slow, eddying inner-shelf flow.  12 

• Five of 15 shallow drifters were exported, mainly near Cape Farewell. Cold water 13 

leakage is observed from SST data in the same area.  14 

Abstract 15 

Freshwater input into deep convection regions could affect the overturning circulation. With a set 16 

of 15 CARTHE and 15 SVP drifters, we investigate the circulation over the south-east Greenland 17 

shelf and the potential for off-shelf freshwater export. Part of the East Greenland Current flow is 18 

steered into the East Greenland Coastal Current immediately upstream of Sermilik Trough. 19 

Between the trough and Cape Farewell, two separate cores are visible. Just past Cape Farewell 20 

drifters are redistributed into a shelfbreak core and a slow eddying shelf flow. A coastal core is 21 

reestablished downstream. Exchanges between the shelfbreak and coastal flows take place both on 22 

the east and west Greenland shelf, allowing fresher water to be diverted away from the coast. Five 23 

of 15 shallower CARTHE drifters were exported, mainly at Cape Farewell. CARTHE motion 24 

shows a higher correlation with local winds, which are more favorable for off-shelf transport in 25 

this area. 26 

Plain Language Summary 27 

The Atlantic Meridional Overturning Circulation is a key element of the climate system. Global 28 

warming causes an influx of freshwater over the east Greenland shelf, that could affect the Atlantic 29 

circulation if it is exported into areas where deep water is formed. We deployed 30 surface drifters 30 

in August 2019, which we combine here with existing drifter and satellite data to describe the 31 

circulation over the south-east Greenland shelf. The export of five shallow water drifters into the 32 

Irminger Sea suggests that wind could be a driver for freshwater export away from the shelf.   33 

mailto:elodie.duyck@nioz.nl
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1 Introduction 34 

Atmospheric and oceanic warming of the Arctic and Subarctic regions results 35 

in enhanced Greenland Ice Sheet melt and freshening of the Arctic Ocean, leading to increased 36 

discharge of freshwater into the East Greenland Current (EGC) (Bamber et al., 2018; Haine et al., 37 

2015). Additional freshwater input into the convective regions of the Subpolar North Atlantic 38 

could strengthen watercolumn stratification and weaken deep mixing (Aagaard & Carmack, 1989), 39 

in turn affecting the strength of the Atlantic Meridional Overturning Circulation (Bakker et al., 40 

2016; Böning et al., 2016; Manabe & Stouffer, 1994). Recent findings argue for a more important 41 

role of the overturning east of Greenland (Lozier et al., 2019), highlighting the particular climatic 42 

importance of freshwater export from the east Greenland Shelf. This study investigates the fate of 43 

liquid freshwater from the EGC system, notably potential export into the deep convection region 44 

of the central Irminger Sea (de Jong et al., 2018).   45 

South of Denmark Strait (DS), the EGC system (Figure 1A) consists of a main branch located at 46 

the shelf-break (EGC), and a coastal branch referred to as the East Greenland Coastal Current 47 

(EGCC). The EGC is found at the front between the colder, fresher waters flowing south from 48 

Fram Strait and the warmer, saltier Irminger Current waters. The EGCC (Malmberg, 1967; Bacon, 49 

2002) is a fresh (practical salinity < 34), 20 km-wide, surface-intensified current, with a high-50 

velocity core (speeds > 1 m s-1) carrying arctic waters and Greenland runoff equatorwards (Bacon 51 

et al., 2014; le Bras et al., 2018). Recent work (Foukal et al, 2020) showed that the EGCC extends 52 

along the whole east Greenland coast, while confirming that deep troughs south of Denmark strait 53 

divert part of the EGC into the coastal current (Sutherland & Pickart, 2008; Sutherland & 54 

Cenedese, 2009). Past Cape Farewell (CF), the EGC and EGCC were first thought to merge into 55 

the West Greenland Current (WGC) (Bacon, 2002), but more recent studies argue that the EGCC 56 

keeps its identity as a coastal core to become the West Greenland Coastal Current (WGCC) (Lin 57 

et al., 2018). 58 

The cold and fresh Polar Surface Water found over most of the east Greenland shelf (Rudels et al., 59 

2002) is isolated from interior seas by the sharp hydrographic front associated with the EGC. It is 60 

pushed towards the coast by the onshore Ekman transport caused by south-westward barrier winds 61 

(Moore & Renfrew, 2005). However, the complex bathymetry of the shelf, meandering of the 62 

front, wind strength and variability, create opportunities for export of surface waters towards the 63 

interior seas, notably at CF (Holliday et al., 2007). While export of fresh waters from the west 64 

Greenland shelf into the Labrador Sea is already well documented (Schulze Chretien & Frajka-65 

Williams, 2018; Wolfe & Cenedese, 2006), there is still little insight into surface water export 66 

from the east Greenland shelf into the Irminger Sea.  67 

Despite renewed interest in the EGC system, our understanding of the liquid freshwater circulation 68 

over the east Greenland shelf remains sparse. Insight into the properties and structure of the EGC 69 

is provided by synoptic sections, mooring arrays in select locations and isolated drifters (Bacon 70 

2002, Reverdin 2003). In this study, we present a set of 30 drifters deployed at the east Greenland 71 

continental shelf-break at approximately 65°N. Drifter deployments and data processing are 72 
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described in Section 2. Drifter trajectories and insights from additional datasets are presented in 73 

Section 3. Section 4 discusses the results and possible implications for liquid freshwater export. 74 

 75 

 76 

 77 

Figure 1:   78 

Schematic of the surface circulation over the east Greenland shelf with drifter deployment 79 

location and drifter data overview: A. EGC System, and main topographic features. EGC: East 80 

Greenland Current, EGCC: East Greenland Coastal Current, ST: Sermilik Trough, GT: 81 

Gyldenlove Trough, CF: Cape Farewell, JT: Julianehåb Trough; Drifters were deployed at two 82 

shelfbreak sections at 65°N (red dots). B. Circulation inferred from the Global Drifter Program  83 

and our EGC-DrIFT datasets combined on a cluster grid (see methods in Section 2). Arrows are 84 

colored depending on the percentage of EGC-DrIFT data in each cluster as defined in the legend. 85 

Isobaths (in grey) are drawn at 2000, 1000, 500 and 200 m depth. 86 

 87 

2 Materials and Methods 88 

We present the first results from the East Greenland Current Drifter Investigation of Freshwater 89 

Transport (EGC-DrIFT) campaign. This study aims to elucidate possible pathways for freshwater 90 

exchanges east of Greenland with surface drifter deployments planned in the summers of 2019, 91 
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2020 and 2021. The dataset discussed here consists of two types of drifters. Surface Velocity 92 

Program (SVP) drifters are composed of a spherical buoy and a holey sock drogue centred at 15 93 

m below sea level (Lumpkin et al., 2017). Two models of SVP drifters are used: SVP-T, fitted 94 

with a temperature sensor measuring sea surface temperature (SST) at 0.5 m depth, and SVP-S 95 

fitted with an additional conductivity sensor to measure salinity. GPS positions and data are 96 

transmitted to shore via iridium at hourly intervals for SVP-T drifters and 3-hourly intervals for 97 

SVP-S drifters. CARTHE drifters (Consortium for Advanced Research for the Transport of 98 

Hydrocarbon in the Environment, Novelli et al., 2017) are shallower drifters, composed of a 99 

floating torus sitting low above water and a drogue at 0.4 m depth. They provide GPS tracking at 100 

3-hourly intervals.  101 

In total, 15 CARTHEs and 15 SVPs (seven SVP-Ts, eight SVP-Ss) were deployed along two lines 102 

perpendicular to the shelf-break and 40 km apart (Figure 1A) on the 14th August 2019. The 103 

southern line extended from 1200 to 250 m depth and the northern line from 1300 to 250 m depth. 104 

Drifters were released 9 km apart, in pairs of one SVP and one CARTHE drifter, as to elucidate 105 

the behaviour of different extents of the surface water layer. We present here their trajectories until 106 

1st December 2019 and up to 48°W. 107 

One SVP drifter stopped working upon launch, but the remaining 14 functioned properly. By the 108 

1st December 2019, 12 SVPs and four CARTHEs (that have a shorter expected lifetime) were still 109 

active. SVP-Ts occasionally (4% of dataset) display repeated positions, mostly corresponding to 110 

one to two hours GPS gaps. SVP-Ss do not experience similar issues. CARTHEs display GPS gaps 111 

that can last for several days. Temperature and conductivity timeseries are despiked and other 112 

hydrographic properties, such as absolute salinity and density are derived using the TEOS10 113 

toolbox (Mc Dougall and Barker, 2011). Drifter velocities, computed from displacement, are 114 

filtered with a 25-hour centered Butterworth filter to remove high-frequency components. The 115 

presence of the drogues on SVP drifters is monitored from a submergence sensor and the time to 116 

first GPS fix, both of which exhibit drastic changes when a drogue is lost. No SVP drifter seems 117 

to have lost its drogue before 1st December 2019. Finally, the dataset is resampled using linear 118 

interpolation on a 3-hour regular grid, not interpolating data gaps longer than 12h. 119 

We use the Global Drifter Program (GDP) quality-controlled 6-hour interpolated dataset (Lumpkin 120 

& Centurioni, 2019) to contextualize our results. GDP and EGC-DrIFT data are non-uniformly 121 

distributed in the region, and therefore less suitable for regular spatial gridding. Instead, we 122 

combine EGC-DrIFT and GDP drifter data on an irregular grid built with a clustering method 123 

using a k-mean algorithm. This algorithm groups neighboring observations in clusters with an 124 

iterative assignment/update mechanism, in order to find a solution minimizing the distance 125 

between observations and cluster centers. See McKay (2003) for more details on the algorithm, or 126 

Koszalka and LaCasce (2010) for an example of its application to drifter data. We choose a k 127 

number of clusters so that the mean amount of observations per cluster is 80, and do not take into 128 

account clusters with less than 20 data points  129 

Surface winds from 1993 to 2020 are retrieved from the ERA5 atmospheric reanalysis hourly data 130 

on single levels (Copernicus Climate Change Service, 2017). Wind data are used to compute the 131 
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correlation coefficient between wind and drifter motion. This coefficient is the magnitude of the 132 

complex correlation between wind and drifter velocities (u(t)+i·v(t)) (Poulain 2009). Wind data 133 

are also used to evaluate potential for off-shelf Ekman transport along the east greenland shelf. 134 

Wind components are interpolated along the shelfbreak, defined as the 500 m isobath, and Ekman 135 

transport is computed from wind stress as:  136 

{
 

 𝑈𝑒𝑘 = 
𝑇𝑦

𝑓 ∗  𝜌

𝑉𝑒𝑘 =
−𝑇𝑥
𝑓 ∗  𝜌

 138 

 137 

Tx, Ty being wind stress components, ρ=1027 kg m-3 and f=10-4 s-1. Along and across shelf Ekman 139 

transports are then derived using the local angle of the 500 m isobath, and used to compute the 140 

proportion of days with positive off-shelf Ekman transport along the shelf. 141 

SST is retrieved from the GHRSST Level 4 MUR Global Foundation SST Analysis (JPL MUR 142 

MEaSUREs Project, 2015), a data blend of microwave, infrared, ice fraction and in situ 143 

measurements, with a very high resolution (1 km) in cloudless conditions (Chin et al., 2017). Cloud  144 

cover sometimes diminishes the real resolution of the MUR dataset and can cause artifacts. The 145 

quality of the MUR SST data at times of interest is verified by comparing it to the GHRSST Level 146 

4 OSTIA Global Foundation SST Analysis (UK MetOffice, 2012). 147 

3 Results 148 

The trajectories of the EGC-DrIFT SVP buoys are consistent with existing GDP trajectories, while 149 

providing extended coverage close to the coast and a denser sampling of the circulation over the 150 

shelf (Figure 1B). Although the EGC-DrIFT drifters are limited in numbers they close an important 151 

data gap in the inner shelf region and provide coverage of the EGC and EGCC simultaneously, 152 

allowing comparison of properties and insight into exchanges taking place between these two 153 

cores. 154 

The drifters take one to two months to reach the southern tip of Greenland. They quickly separate 155 

into three groups after deployment (figures 2B and 2C): 1) following the EGC, 2) steering around 156 

Sermilik Trough (ST) into the EGCC, and 3) entering the trough before joining the EGCC.  157 

The first group follows the EGC and is composed of 12 drifters, among those deployed the furthest 158 

offshore (seven out of 15 (7/15) CARTHEs and 5/14 SVPs). In the EGC core, SVPs measure 159 

temperatures about 10°C and absolute salinities between 34.6 and 35.2 g kg-1 (Figures 2E and F). 160 

Speeds do not exceed 0.6 m s-1 as the EGC is steered around ST (Figure 2D). The three SVP 161 

drifters from the northern line first head offshore, but loop around and come back on the inshore 162 

side of the EGC. Three SVPs and one CARTHE re-enter the shelf at different points along the 163 

trough. Out of the core, their motion becomes very slow (<0.1 m s-1) and inertial. They join the 164 

EGCC just downstream of ST, measuring a sharp decrease in temperature as they enter the coastal 165 

core.  166 
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Ten drifters (2/15 CARTHEs, 8/14 SVP drifters) belong to the second group, which is steered 167 

around ST directly towards the EGCC. They are initially slow (<0.1 m s-1) but accelerate as they 168 

get closer to the coast, eventually reaching speeds up to 0.8 m s-1 as they enter the EGCC core. 169 

Inside the core, they measure a large range of salinities (29 to 34 g kg-1) and temperatures between 170 

3 and 5.5°C, the coldest and freshest waters being closest to the coast. 171 

Finally, seven drifters (6/15 CARTHEs and 1/14 SVPs) move across the trough before joining the 172 

EGCC. They all follow similar trajectories as they flow from their deployment area, close to the 173 

shelf-break, into the trough and later into the EGCC. Their speed inside the trough does not exceed 174 

0.2 m s-1. The SVP drifter measures temperatures around 7°C , and salinities around 34.5 g kg-1 in 175 

the middle of ST. 176 

South of ST, only two groups are identifiable, associated with the two current cores. As the 177 

Greenland shelf narrows downstream of ST, drifters in the EGCC are steered along the Gyldenløve 178 

Trough and accelerate, reaching speeds of more than 1 m s-1. The EGCC remains faster than the 179 

EGC until they reach CF. The cores are well defined but exchanges take place between them. As 180 

was previously observed with a CTD section by Sutherland & Pickart (2008), the two cores come 181 

closer together just downstream of ST, at the narrowest part of the shelf. There, four of the 182 

CARTHEs are deviated from the EGCC to the EGC. Further downstream, two SVPs and one 183 

CARTHE also leave the EGCC for the EGC. As the drifters near CF, seven SVPs and no CARTHE 184 

remain in the EGCC, four SVPs and six CARTHEs in the EGC.  185 

Four of these CARTHEs are exported into the Irminger Sea just before rounding CF. The two 186 

others round the cape and enter the west Greenland shelf. Another CARTHE drifter had been 187 

exported earlier at a bathymetric bend downstream of ST. The others stopped functioning. 188 

West of CF, only one strong (1 m s-1) velocity core is visible, at the shelf-break, with a slower, less 189 

laminar flow over the shelf. As illustrated in Figure 2A, SVPs originating from the EGCC (green) 190 

spread over the shelf as they round the cape. Two SVPs remain close to the shore, showing slow 191 

and eddying motions, while five SVPs approach the shelfbreak, two of which enter the WGC. 192 

Similarly, two of the EGC-origin SVPs (red) enter the shelf on the western side of Greenland. 193 

Most shelf SVPs are then steered along Julianehåb Trough. This redistribution of coastal and 194 

shelfbreak floats suggests that the WGC and WGCC are not as clearly separated as the EGC and 195 

EGCC, enhancing potential for freshwater exchange away from the inner shelf west of CF.  196 

 197 

 198 
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 199 

 200 

 201 

Figure 2:  202 

Overview of drifter trajectories and along-track properties. A. Zoom on SVP trajectories at CF, 203 

distinguishing origin from the EGC (red) and EGCC (green) B. SVP trajectories, coloured in 204 

three groups (EGCC: green, ST: Blue, EGC: Red); ; C. Same as B for CARTHEs; D. Drifter 205 

speed in cm s-1; E. Temperature in °C from SVP-S and SVP-Ts;  F. Absolute salinity from SVP-206 

Ss in g kg-1. Isobaths (in grey) are drawn at 2000, 1000, 500 and 200 m depth. 207 

 208 
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CARTHE and SVP drifters display different behaviours: As they approach ST, nearly all SVPs 210 

join either the EGC or the EGCC, when nearly half of the CARTHEs cut across the trough. A 211 

majority of CARTHEs remain in or re-enter the EGC when most SVP drifters are part of the 212 

EGCC.  Most of the exchanges between the EGC and EGCC cores, and all the export into the 213 

Irminger Sea, are observed with CARTHE drifters. Though CARTHEs and SVPs are both built to 214 

minimize wind drag and have similar water following capabilities (Novelli et al, 2017), CARTHEs 215 

have shallower anchors (0.4 m against 15 m), and are therefore more directly influenced by wind 216 

forcing. This is confirmed by computing the correlation between drifter and wind velocities, 217 

reaching 0.66 for CARTHEs, against 0.23 for SVPs, a value that is consistent with existing studies 218 

(Poulain 2009). 219 

Drifter data are limited in space and time and therefore only provide a limited overview of 220 

processes at the front. We investigate the correspondence between very-high resolution satellite 221 

SST measurements (1 km) and drifter tracks to assess the use of satellite SST as a source of 222 

information for surface circulation over the shelf when no drifter data is available. The SST 223 

snapshots (Figure 3A-F) show the concurrent evolution of drifter tracks and MUR SST at ST, from 224 

deployment until the beginning of September. Two temperature fronts are visible in the snapshots, 225 

which coincide well with the EGC and EGCC as inferred from drifter tracks. Drifters that move 226 

across ST closely follow warm water entering the trough from the north-east (24th - 27th August). 227 

South of the trough, a second warm-water intrusion is visible,  coincident with drifters from the 228 

EGC re-entering the shelf (4th-11th September). Both SVPs and CARTHEs trajectories are 229 

consistent with the MUR SST patterns, suggesting the satellite data reflects the surface circulation 230 

well. Looking at the complete MUR (2002-2020) and OSTIA (2007-2020) SST time series, we 231 

repetitively find the same patterns in ST suggesting that the circulation observed with the drifters 232 

is typical of the area.  233 

The agreement between drifter tracks and SST patterns suggests that high resolution SST data can 234 

help infer variability of the location of the front over the East Greenland shelf. We use the MUR 235 

SST data to further investigate potential for freshwater export at CF. Figures 3G-I show a cold 236 

water tongue exiting the shelf at CF in early September 2019. Similar features are visible at CF at 237 

other times and could be markers of an export pathway for fresh and cold surface shelf waters 238 

towards the Irminger Sea. Due to cloud cover at the exact time when the CARTHE drifters were 239 

exported, it is not possible to investigate that specific event with the MUR SST data. Further 240 

observations or model analysis are necessary to verify the link between such cold water signature 241 

in the SST data and surface water export.  242 
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 243 

Figure 3: Sea surface temperature snapshots from MUR at ST and CF.  244 

A-F. Co-evolution of SST with SVPs (Black) and CARTHEs (White) drifters from deployment 245 

through 11 September. Dots indicate drifter position at the time of the snapshots, with tracks shown 246 

since deployment. G-I. Instability at the EGC front at CF forming a cold water tongue, likely a 247 

marker of shelf water export. Isobaths (in grey) are drawn at 2000, 1000, 500 and 200 m depth. 248 
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4 Discussion and conclusion 249 

 250 

The circulation of freshwater over the south-east Greenland shelf and its potential export into the 251 

Irminger Sea are of particular climatic importance. In this study, we presented observations from 252 

drifters deployed during the EGC-DrIFT campaign, in August 2019. Our results generally agree 253 

with existing literature regarding the position, speed and properties of the EGC and EGCC cores 254 

(Harden et al., 2014; Sutherland & Pickart, 2008), and extend existing drifter coverage closer to 255 

the coast.  256 

The new drifter dataset shows exchanges between the East and West Greenland shelf and 257 

shelfbreak cores, suggesting that Greenland meltwater is not solely confined to the inner shelf. 258 

Past CF, earlier studies suggested that the EGC and EGCC merge into the WGC (Bacon 2002). 259 

Recent results (Lin et al 2018) argue that the coastal core keeps its identity to become the WGCC, 260 

although local bathymetry does divert part of the flow to the outer shelf, causing loss of freshwater 261 

to the WGC. In this study, coastal drifters show a stark behaviour change as they round the cape. 262 

While drifters in the EGCC showed fast, nearly straight tracks, no clearly defined coastal velocity 263 

core is visible between CF and 46°W. Part of the drifters from the EGCC are deviated towards the 264 

outer shelf and the WGC. The drifters that stay on the inner shelf slow down substiantially (Fig. 265 

2D), displaying eddying or meandering motions, likely due to the widening of the shelf in this 266 

area. As drifters are steered along Julianehab Trough,  a well defined coastal core reappears. The 267 

low velocities and meandering tracks on the inner shelf between Cape Farewell and Julianehåb 268 

Trough suggest there was no coherent WGCC velocity core in this section of the shelf at the time 269 

the drifters were there. Tracks from GDP drifters also do not show a coherent WGCC core in that 270 

area, only downstream of Julianehab Trough (Fig. 4A). The location of the WGCC core may be 271 

time variable, as could be interpreted from Pacini et al (2020). The combination of EGC-DrIFT 272 

and GDP datasets (Fig. 4A) shows that most drifters originating from the EGCC (red) spread over 273 

the western shelf, while most EGC-origin drifters (blue) flow along the western shelfbreak, with 274 

exchanges taking place between the two. Past 48°W, the position of drifters with respect to the 275 

shelfbreak is not indicative of their origin in either the EGCC or EGC. These exchanges contribute 276 

to the export of freshwater from the inner shelf to the central Labrador Sea, as a well known eddy 277 

shedding region is located shortly downstream (Lilly et al., 2003; Bracco et al., 2008; de Jong et 278 

al., 2014). 279 
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  280 

Figure 4 281 

Drifter tracks and wind conditions around CF. A. EGC-Drift (SVPs) and GDP drifter tracks 282 

originating from the EGC (blue) and EGCC (red) cores. B. Mean winds and fraction of days with 283 

positive off-shelf wind-driven transport (as defined in Methods, section 2). Windroses show speed 284 

and direction of winds at the red and black dots during 1993-2020. Isobaths (in grey) are drawn at 285 

2000, 1000, 500 and 200 m depth. 286 

Out of 15 SVP and 15 CARTHE drifters, five CARTHEs were exported into the Irminger Sea, 287 

including four at CF. The motion of these shallow drifters is more strongly correlated with wind 288 

forcing, suggesting that wind could be a primary driver for export away from the east Greenland 289 

shelf into the Irminger Sea, similar to what Schulze Chretien and Frajka-Williams (2018) found 290 

for export off the west Greenland shelf. The fraction of days with positive off-shelf Ekman 291 

transport (as defined in Methods, section 2), shows a sharp transition to more off-shelf transport 292 

favourable conditions near CF (Figure 4B). This is both due to the bend in the shelf and to strong 293 

eastward wind events such as tip jets (Moore & Renfrew, 2005), opposed to the dominance of 294 

strong and persistent barrier winds along the eastern shelf, as shown by the wind-roses in Figure 295 

4B. Satellite SST snapshots at CF (Figure 3G-I) confirm that CF could be an enhanced export area 296 

for cold and fresh surface shelf waters. These export events could contribute to the low salinity 297 
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surface waters extending away from the shelf as found by Sutherland and Pickart (2008). Whether 298 

bathymetry driven instabilities, possibly related to the subsurface retroflection of the EGC 299 

(Holliday et al, 2007), contribute these surface features is currently not clear. A more quantitative 300 

study of the wind driven cross-shelf freshwater export east of Greenland is ongoing. 301 

 302 

 303 
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