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Dense water from the Nordic Seas passes through the Faroe Bank Chan-13

nel and supplies the lower limb of the Atlantic Meridional Overturning14

Circulation (AMOC), a critical component of the global climate system,15

yet the upstream pathways of this dense water are not fully known. Here16

we present evidence of a deep current following the continental slope17

from Iceland toward the Faroe Bank Channel, using high-resolution ob-18

servations of temperature, salinity, and velocity from a shipboard survey19

in 2011 along with long-term water column measurements north of the20

Faroe Islands. The bulk of the volume transport of this current, hereafter21

referred to as the Iceland-Faroe Slope Jet (IFSJ), is relatively uniform22

in temperature and salinity. The hydrographic properties of the North23

Icelandic Jet flowing westward toward Denmark Strait are very similar,24

which suggests a common source for both of the two major dense over-25

flows across the Greenland-Scotland Ridge. We estimate that the IFSJ26

accounts for approximately half of the total overflow transport through27

the Faroe Bank Channel. As such, it is a significant component of the28

overturning circulation in the Nordic Seas, the main source region of29

dense water to the AMOC.30
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The Nordic Seas, comprising the Norwegian, Greenland, and Iceland Seas, are31

a critical region at the northern extremity of the Atlantic Meridional Overturning32

Circulation (AMOC). Warm and saline Atlantic Water flowing northward across the33

Greenland-Scotland Ridge releases heat to the atmosphere and helps maintain the34

temperate climate of northwest Europe1;2. The resulting cold, dense water returns35

southward at depth as overflow plumes through gaps in the ridge (Fig. 1a). The36

dense water masses which constitute the overflows (defined as σΘ ≥ 27.8 kg m−3,37

hereafter referred to as overflow water3) are formed both within the boundary cur-38

rent system around the Nordic Seas and in the interior basins of the Greenland39

and Iceland Seas. The former product is referred to as Atlantic-origin water, while40

that formed in the interior, which is the densest contributor to the lower limb of41

the AMOC, is referred to as Arctic-origin water4;5. Recent studies have focused42

primarily on Denmark Strait between Greenland and Iceland, which is the second-43

deepest passage (approximately 650 m) through the ridge and has the largest volume44

transport of overflow water6–10. The Atlantic-origin overflow in Denmark Strait is45

supplied by two branches of the East Greenland Current6;11, while the Arctic-origin46

overflow is advected by the North Icelandic Jet (NIJ)5;6;12 originating northeast of47

Iceland5;13.48

The densest Arctic-origin overflow water emanating from the Nordic Seas passes49

through the approximately 850 m deep Faroe Bank Channel (FBC)10;14 and is sub-50

ject to extensive mixing and entrainment south of the Greenland-Scotland Ridge15–17.51

The magnitude of the FBC overflow has been monitored continuously since 1995; the52

most recent estimate of its volume transport is 1.9± 0.3 Sv10;18 (1 Sv≡ 106 m3 s−1).53

The bulk of this transport is composed of intermediate and deep water masses14;16.54

The former is most likely ventilated during winter in the Iceland and Greenland55

Seas, with a contribution from the Arctic Ocean15;19. The precise origin of the56

latter water mass remains uncertain.57

Before reaching the sill in the FBC, the overflow waters pass through the Faroe58

Shetland Channel (Fig. 1a). While the hydrographic properties of the water masses59

in the channel and their interannual variability are well documented10;18;20, the60

dense-water pathways feeding this passage are as of yet not fully determined. Here61

we provide evidence of a deep current following the northern slope of the Greenland-62

Scotland Ridge from Iceland toward the Faroe Islands. This bottom-intensified63

current, which we refer to as the Iceland-Faroe Slope Jet (IFSJ), transports water64

matching the densest water observed in the FBC and may supply approximately half65
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of the total FBC overflow. As such, the IFSJ constitutes a significant component66

of the overturning in the Nordic Seas, a region which is of key importance to the67

AMOC21;22. To predict the AMOC’s response to a changing climate, it is imperative68

to know the origin and pathways of the dense water supplying its lower limb.69

Pathway and transport of the IFSJ70

Using high-resolution hydrographic/velocity measurements from a September 201171

shipboard survey (Fig. 1b), we identified a spatially coherent eastward flow be-72

tween northeast Iceland and the Faroe Islands. Vertical sections of absolutely ref-73

erenced geostrophic velocity (Fig. 2), which were constructed from the combined74

hydrographic and velocity fields (see the methods section for details), show that the75

IFSJ has a consistent hydrographic and kinematic structure. The narrow current is76

bottom-intensified and comprises two cores of overflow water, which approximately77

follow the 750 and 1100 m isobaths, respectively. It is composed of cold, dense water78

that is banked up against the slope (supplementary information, Figs. S1 and S2).79

An extensive collection of hydrographic measurements from the Nordic Seas23;24
80

confirms the persistent presence of anomalously dense water on the upper slope81

north of Iceland and the Iceland-Faroe Ridge. This isopycnal structure supports the82

bottom-intensified IFSJ flowing eastward toward the FBC. It is also consistent with83

the NIJ flowing westward toward Denmark Strait, which is middepth-intensified as84

the isopycnal tilt reverses again in the upper part of the water column5;13. East85

of the Kolbeinsey Ridge, the extension of the mid-Atlantic Ridge north of Iceland,86

the two currents are in close proximity (Fig. 1a). While it is well documented that87

the NIJ emerges northeast of Iceland5;13, the origin of the IFSJ remains unknown.88

Recent work suggests that both currents are supplied by dense water emanating89

from the Greenland Sea gyre that subsequently flows southward through the Ice-90

land Sea along the Kolbeinsey Ridge24. Eastward flow of dense water through the91

Spar Fracture Zone may also supply the IFSJ (Fig. 1b).92

The mean volume transport of overflow water in the IFSJ, estimated from the93

high-resolution hydrographic/velocity sections, is 1.0± 0.1 Sv (Fig. 3a). While this94

value stems from only one survey, the results suggest that the IFSJ may supply95

approximately half of the total overflow through the FBC (1.9± 0.3 Sv)10;18. On96

two sections (B and C) the deep core was not completely bracketed by the ob-97

servations, resulting in an underestimated transport. The increase in transport98

between sections C and D may additionally be caused by entrainment of ambient99
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Figure 1: Bathmetry and circulation near the Greenland-Scotland Ridge.
a) Schematic pathways of the inflow of Atlantic Water (red arrows) and the out-
flow of dense water (purple arrows). The acronyms are: FC = Faroe Current;
NIIC = North Icelandic Irminger Current; sb EGC = shelfbreak East Greenland
Current; sep EGC = separated East Greenland Current; NIJ = North Icelandic Jet;
IFSJ = Iceland-Faroe Slope Jet; FBC = Faroe Bank Channel; SFZ = Spar Fracture
Zone. b) Transport of overflow water (σΘ ≥ 27.8 kg m−3) across the high-resolution
shipboard transects used in the study. The shallow and deep IFSJ cores are marked
in red and black, respectively, and the remaining transport is marked in grey. The
segments of the transects shown in Fig. 2 are highlighted in yellow. The three west-
ernmost transect names are abbreviated as: KR = Kolbeinsey Ridge, SL = Slétta,
and LN = Langanes Northeast. The mean velocity in the strongest part of the IFSJ
from the year-long offshore mooring record at section N is shown in dark red. The
stations at section N are indicated by white dots. The colored shading in a) and b)
is the bathymetry from ETOPO125; the 750 and 1100 m isobaths are highlighted in
grey.
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water from the Norwegian Basin, while the low transport at section E likely results100

from a mesoscale feature suppressing the 27.8 kg m−3 isopycnal (Fig. 2). The volume101

transport was conservatively estimated only for depths shallower than 850 m, the ap-102

proximate depth of the FBC sill. However, water may be lifted from greater depths103

by aspiration and supply the overflow26. If the depth restriction is removed, the104

total contribution of the IFSJ to the FBC overflow, according to the 2011 shipboard105

survey, could be as high as 1.4± 0.2 Sv (Fig. 3a).106

The bulk of the IFSJ’s volume transport is confined to a small range in Θ-S space107

(Fig. 3b). The locus of the Θ-S classes with the highest transport, which we refer to108

as the transport mode, is centred near -0.52± 0.11 ◦C and 35.075± 0.003 g kg−1 in109

temperature and salinity, respectively. While the upper part of the IFSJ becomes110

warmer and more saline as it progresses eastward, due to mixing with Atlantic Wa-111

ter near the Faroe Islands, the hydrographic properties of the transport mode are112

not significantly modified along the current’s pathway. The density of the transport113

mode is σΘ = 28.06 kg m−3. This is not significantly denser than the transport mode114

of the NIJ (σΘ = 28.05 kg m−3), which has a higher temperature (-0.29± 0.16 ◦C) but115

the same salinity13. The similarity of these transport modes suggests that the water116

masses in the two currents have the same origin. Waters of sufficient density are117

regularly ventilated in the Greenland Sea during winter27, and their hydrographic118

properties closely match the two modes24. As such, this water mass supplies the119

densest portions of the two major overflows across the Greenland-Scotland Ridge,120

and changes in dense water formation in the Greenland Sea may affect both path-121

ways.122

As with the IFSJ, the NIJ is often composed of separate cores13. In particular,123

northeast of Iceland the slightly warmer NIJ flows toward Denmark Strait along the124

600 and 800 m isobaths, while the slightly colder IFSJ flows toward the FBC approx-125

imately along the 750 and 1100 m isobaths. Notably, the 600 and 750 m isobaths are126

comparable to the sill depths of Denmark Strait and the FBC, respectively. This im-127

plies that hydraulic control occurring at the two passages26;28;29 may be influencing128

the shallow core of each current.129

Data from past studies have hinted at a deep flow along the northern side of the130

Iceland-Faroe Ridge. Four moorings deployed during 1988–1989 along the 1000 m131

isobath recorded a deep, bottom-intensified current with temperatures and densities132

corresponding to the transport mode of the IFSJ30. This pathway was also identified133

in a two-layer numerical model with realistic bathymetry31. Furthermore, a subset of134
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Figure 2: Vertical sections of velocity across the IFSJ. Absolutely referenced
geostrophic velocity (colour) and density (thin grey lines) for the yellow segments of
the shipboard transects in Fig. 1b. The thick white line is the 27.8 kg m−3 isopycnal.
The black inverted triangles indicate the locations of the hydrographic profiles. For
each transect the origin (distance y= 0 km) was placed at the shelf break (for sections
north of Iceland) or the point where the slope gradient starts to increase (for sections
north of the Iceland-Faroe Slope). Positive velocities are directed toward the Faroe
Islands. The red and black boxes outline the shallow and deep cores, respectively.
The abbreviated names in parentheses are used as labels in Fig. 1. The bathymetry
is from the ship’s echosounder.
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Figure 3: Transport of overflow water (σΘ ≥27.8 kg m−3) in the IFSJ.
a) Volume transport for each transect of the high-resolution shipboard survey. The
estimates are broken down by core and relation to sill depth (see legend). Dark
grey bars represent deep cores that were not completely bracketed by observations
(Fig. 2). The error bars were determined from the combined instrument and process-
ing uncertainties (see the methods section for details). b) Mean volume transport
with respect to temperature and salinity properties of both cores from all transects
(the red and black boxes in Fig. 2). The grey contours are density. The transport
mode of the IFSJ (NIJ) and its standard deviation is marked in grey (black).

RAFOS floats deployed at 600–800 m depth northeast of Iceland in 2013 and 2014 32,135

and near the Faroe Islands in 200433, drifted southeastward along the slope between136

Iceland and the Faroe Islands. In the latter case the vast majority of the floats137

deployed on isobaths shallower than 1750 m turned southeastward into the Faroe138

Shetland Channel. These observations33, as well as estimates from a simplified139

dynamical model34, suggest that deep currents in this region are strongly guided by140

bathymetry, which supports the results presented here of the IFSJ.141

Inferences from shipboard hydrographic time series142

To shed more light on the structure of the IFSJ, we analysed a collection of 120143

repeat hydrographic transects along section N directly north of the Faroe Islands144

(Fig. 1), spanning the last 30 years. While the station spacing of 10 nautical miles145

is too coarse to properly resolve the IFSJ, we considered the isopycnal structure146

near the upper slope to identify occupations where particularly dense water (σΘ ≥147

28.03 kg m−3) was present at the bottom of station 4 (referred to as the “elevated148

isopycnal” state, 38/120 surveys). We note that only the most extreme occurrences149
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of dense water banked up on the slope are captured due to the large distance between150

stations. As such, more moderate banking of dense water cannot be resolved. The151

composite mean of the elevated isopycnal state is shown in Fig. 4.152

The surface layer consists of warm, salty water of the Faroe Current. Beneath153

this, the isopycnal tilt reverses, and cold, dense water is banked up against the154

slope (Fig. 4a–b). This is characteristic of the IFSJ, and the associated composite155

section of geostrophic velocity relative to the 28.0 kg m−3 isopycnal illustrates the156

bottom-intensified flow near the slope, directed toward the Faroe Shetland Channel157

(Fig. 4c). The deep current is located between stations 4 and 5, which encompass the158

isobaths of both cores of the IFSJ farther upstream. (The combination of the steep159

continental slope and the coarse station spacing along section N makes it impossible160

to resolve separate IFSJ cores.)161

We estimated the IFSJ volume transport by referencing the composite section of162

relative geostrophic velocity for the elevated isopycnal state using surface velocities163

derived from satellite altimetry (see the methods section for details). The transport164

of overflow water is on the order of 1 Sv, which is consistent with the transport165

estimated from the high-resolution transects. We note that the uncertainty of this166

estimate is high because of the wide station spacing and the low spatial resolution of167

the satellite altimetry data. Nevertheless, the elevated isopycnal state qualitatively168

resembles the structure and properties of the IFSJ farther upstream. Such elevated169

isopycnal sections capturing the most extreme banking of dense water were identified170

in most years and every season, while a finer station spacing would likely also resolve171

more moderate banking.172

Vertical structure and variability from moored measurements173

To investigate the vertical structure and variability of the IFSJ, we analysed moored174

records of direct current velocities at section N. From June 2017 to May 2018,175

two moorings were deployed at depths of 960 m and 1210 m (Fig. 4c). These were176

shoreward and seaward, respectively, of the deep IFSJ core (1100 m) seen in the high-177

resolution shipboard data farther upstream. A combined mean along-stream velocity178

profile constructed from the two moorings reveals bottom-intensified flow directed179

toward the FBC (Fig. 5a). The structure and magnitude of the flow is consistent180

with the IFSJ in the upstream sections (Fig. 2). The mean velocity in the strongest181

part of the current (below the dashed line in Fig. 5a) was 6.6 cm s−1 (Fig. 1b).182

This is likely an underestimate due to sidelobe reflections from the bottom (see the183
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Figure 4: Composite of a subset of vertical sections north of the Faroe
Islands. Mean temperature (a), salinity (b), and relative geostrophic velocity (c)
for the elevated isopycnal state (see text for details). The 28.03 kg m−3 isopycnal
used to identify this subset of sections is marked in white, and the 27.8 kg m−3

isopycnal, which defines the top of the overflow layer, is the thick black contour.
Positive velocities are directed eastward toward the Faroe Shetland Channel. The
station numbers are indicated along the top. The vertical grey lines in c) mark the
locations and depth ranges of direct velocity measurements from moorings (Fig. 5a).

methods section for details). Short, intermittent periods of negative (northwestward)184

velocities (Fig. 5d) may be due to lateral meandering of the deep IFSJ core. The185

mean hydrographic properties closest to the mooring from section N match those of186

the IFSJ’s transport mode (Fig. 5b–c). Taken together, there is strong evidence of187

a bottom-intensified current resembling the IFSJ at section N.188

The inshore mooring in Fig. 4c is part of a long time series of velocity measure-189

ments designed to monitor the Atlantic Water transport in the surface-intensified190

Faroe Current. However, as seen in Fig. 5a, its depth range extends sufficiently191

deep to capture the upper portion of the IFSJ. Encouragingly, the measurements192

from the overlapping depth range of the inshore and offshore moorings are well cor-193

related (r= 0.63). Furthermore, the variability in the strongest part of the IFSJ194

from the offshore mooring (below the dashed line in Fig. 5a) is reasonably well cor-195

related (r= 0.59) with the uppermost portion of the IFSJ from the inshore mooring196

(570–675 m). As such, measurements from the inshore mooring can be used as a197

longer-term proxy for the variability in the IFSJ.198

We examined a 7-year long subset of the inshore mooring record (2006–2013)199

when the mooring was deployed at approximately the same bottom depth (956± 5 m).200

To determine the dominant variability of the along-stream velocity, we computed201

empirical orthogonal functions (EOFs). The two leading modes explain 68 and 26 %202

of the variance in the currents, respectively (supplementary information, Fig. S3).203

The first EOF represents a barotropic mode, where the Faroe Current and the IFSJ204
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Figure 5: Year-long moored records and hydrographic profiles from sec-
tion N. a) Mean along-stream velocity profiles from moorings deployed from June
2017 to May 2018 at section N at a bottom depth of 960 m (green) and 1210 m
(brown; Fig. 4c). The along-stream direction is defined as 105◦ clockwise from true
north (see methods section for details). The dashed line indicates the upper limit
for the velocity depth average in d). b) and c) show mean profiles of temperature
(red), salinity (blue), and density (purple) near the offshore mooring from 120 re-
peat occupations of section N. The properties of the IFSJ transport mode from the
high-resolution transects (Fig. 3b) are marked by vertical lines. The shaded areas
in a)–c) indicate one standard deviation (the standard error is very small for all
profiles). d) Time series of the depth-averaged velocity in the deepest portion of the
IFSJ, below the dashed line in a).
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are in phase, while the second EOF is a baroclinic mode in which the strength of205

the Faroe Current and IFSJ vary out of phase.206

The principal component of the first EOF mode shows variability on seasonal207

time scales, while that of the second mode is dominated by variability on a 2–3 week208

period. We note that the NIJ has no such seasonal signal6;13;35;36, and, since the209

IFSJ has similar properties, likely the same source waters, and is located even deeper210

in the water column, one would not expect a seasonal signal in the IFSJ northeast211

of Iceland either. While the offshore record at section N is too short to resolve a212

seasonal cycle, the approximately eastward velocities appear to be enhanced from213

November to January compared to July and August (Fig. 5d), consistent with the214

long-term proxy of the IFSJ from the inshore mooring. We surmise that the energetic215

Faroe Current, which has a pronounced seasonal cycle with maximum eastward flow216

in winter37, induces a seasonality in the upper portion of the IFSJ when the currents217

come into close proximity near section N.218

Conclusion219

Using four independent observational data sets with different spatial and temporal220

resolutions, we have provided compelling evidence of a current transporting dense221

water from northeast Iceland toward the FBC overflow. The current is referred to222

as the Iceland-Faroe Slope Jet (IFSJ). While previous studies have hinted at the223

existence of such a flow, the data employed here are extensive and multi-faceted,224

including the first high-resolution observations of the IFSJ. The current is bottom-225

intensified and comprises two cores centred on the 750 and 1100 m isobaths along226

the Iceland-Faroe Ridge. The bulk of the transport is confined to a small range in227

temperature-salinity space. This transport mode has a density of σΘ = 28.06 kg m−3,228

consistent with the densest waters in the FBC. Long-term repeat shipboard obser-229

vations support the results of the high-resolution synoptic survey in terms of the230

presence of dense water banked up along the slope. Direct current measurements231

corroborate the existence of the IFSJ, and a long-term velocity record demonstrates232

a link between the variability in the surface-intensified Faroe Current and the up-233

permost part of the IFSJ. Our measurements suggest that the IFSJ transports ap-234

proximately 1 Sv of overflow water toward the FBC, which would account for half235

of the total transport through the passage. As such, the current is a major pathway236

of dense water to the easternmost overflow ventilating the deep North Atlantic.237
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Recent studies emphasise the importance of dense water formation in the Nordic238

Seas in sustaining the lower limb of the AMOC21;22. A basic understanding of the239

origin and the circulation of this dense water mass is thus required for accurate240

predictions of the future state of the AMOC. Where and how the dense waters241

are formed is changing24;38–40, which in turn could affect the composition and the242

pathways of the dense waters contributing to the overflow across the Greenland-243

Scotland Ridge. The IFSJ is one of these pathways, and our findings highlight its244

significance for the overturning circulation and thus the climate system.245

Methods246

The high-resolution hydrographic/velocity survey, which included eight transects247

north of Iceland (Fig. 1b), was conducted on R/V Knorr in September 2011. The248

hydrographic data were acquired using a Sea-Bird 911+ conductivity-temperature-249

depth (CTD) instrument, which was mounted on a rosette with 24 Niskin bottles.250

Water samples were obtained to calibrate the conductivity sensor, and the final ac-251

curacy of the CTD measurements was estimated to be 0.001 ◦C for temperature,252

0.002 g kg−1 for salinity, and 0.3 dbar for pressure13. Velocities were measured using253

upward and downward-facing lowered acoustic Doppler current profiler (LADCP)254

instruments. The velocity measurements were processed using the LADCP Process-255

ing Software Package from the Lamont-Doherty Earth Observatory 41;42, and the256

barotropic tides were removed using an updated version of a regional tidal model43.257

Vertical sections of Conservative Temperature (temperature), Absolute Salinity258

(salinity), and potential density anomaly (density) were constructed using Laplacian-259

spline interpolation44, with a grid spacing of 2 km in the horizontal and 10 m in the260

vertical. Absolutely referenced geostrophic velocities normal to each transect were261

calculated as follows: The cross-track ADCP velocities were interpolated onto the262

2 km by 10 m regular grid. At each grid point the depth-averaged ADCP velocity was263

then matched to the depth-averaged relative geostrophic velocity computed from the264

hydrography. To avoid undue influence from surface and bottom boundary layers,265

the top and bottom 50 m were excluded from the depth averages. The along-stream266

direction is defined positive toward the Faroe Shetland Channel. The volume trans-267

port of the IFSJ was calculated from the absolutely referenced geostrophic velocity268

fields. We estimated the uncertainty of the transport from instrument and process-269

ing errors scaled by the cross-sectional area of the current. The combined error of the270

LADCP instrument and the processed velocity data was estimated to be 3 cm s−1,271

12



while the inaccuracies in the tidal model are 2 cm s−1 north of Iceland5. The total272

uncertainty, determined as the root-sum-square of the instrument/processing and273

tidal model errors, is 3.6 cm s−1.274

The seven hydrographic stations from the standard monitoring section N north275

of the Faroe Islands along 6.083 ◦W (Fig. 1b) are spaced 10 nautical miles apart and276

were typically occupied three to four times per year between 1987 and 2018. The277

accuracies of the temperature and salinity measurements are better than 0.001 ◦C278

and 0.005 g kg−1 from 1997 onwards37. Laplacian-spline interpolation was used to279

construct vertical sections of temperature and salinity, with a grid spacing of 5 km280

by 10 m. The wide station spacing and steep slope between stations 4 and 5 led to281

a large “bottom triangle”. This was filled using measurements from the bottom of282

station 4 prior to interpolation, which helped to conserve the structure of the dense283

water banked up on the slope. Gridded sections of relative geostrophic velocities284

referenced to the 28.0 kg m−3 isopycnal were constructed from the hydrographic data285

as above.286

We identified sections with the 28.03 kg m−3 isopycnal present at depth at sta-287

tion 4 (the “elevated isopycnal” state, 38/120 surveys). Absolute geostrophic veloc-288

ities at section N were computed using satellite altimetry to reference the relative289

geostrophic velocities. The transport was estimated by integrating the flow between290

stations 4 and 5, the bottom, and the 27.8 kg m−3 isopycnal which delimits the over-291

flow water. The satellite altimetry data are reprocessed, daily averages of sea level292

anomaly on a global 0.25 ◦ by 0.25 ◦ grid from 1993 to present, compiled from all293

altimeter missions. The product, previously distributed by Aviso+, can be accessed294

at E.U. Copernicus Marine Service Information (http://marine.copernicus.eu/).295

We chose data from six grid points near section N for the days coinciding with the296

hydrographic surveys. Instead of using the mean dynamic topography, which relies297

on a geoid that is too smooth north of the Faroe Islands, we applied calibration298

coefficients inferred from direct current measurements from moorings at section N299

to the satellite altimetry data37.300

We used one year (June 2017 to May 2018) of current measurements from ADCPs301

on section N at 62.95 ◦N and 62.92 ◦N (separated by 3.1 km). The moorings were302

located at bottom depths of 1210 m and 960 m and measured current speed and303

direction in ranges of approximately 515–1185 m and 125–675 m, respectively. Daily304

averages were computed from the velocity time series, which originally were recorded305

every 20 minutes, after removing the tidal components. The velocities were rotated306
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to align with the direction of the mean flow of the strongest part of the IFSJ below307

975 m, which is 105◦ clockwise from true north.308

The velocity measurements of the bottom-mounted ADCP at the offshore moor-309

ing are affected by interference from sidelobe reflection. This typically occurs in the310

lowest 200–300 m, and results in a strong artificial velocity bias toward zero 45;46. We311

selected daily profiles with a depth-intensified structure (66 % of all profiles for a312

velocity maximum above 4 cm s−1; the results are not very sensitive to this choice).313

For each of these profiles we identified the depth of the velocity maximum (1065 m314

on average) and the depth range of its 90th percentile. The upper value of this315

range (975 m) is taken to be the limit of the strongest part of the IFSJ. The number316

of ADCP velocity bins below the lower value of the range follows an exponential317

distribution (bins near the bottom are most often affected); the cut-off was set to318

the depth of the 90th percentile of this distribution (1096 m). Measurements of all319

profiles below this threshold were disregarded. The limit is a compromise between320

removing too many measurements and keeping profiles that underestimate the true321

velocity at depth due to the sidelobe interference.322

From the long time series of the inshore mooring at section N, we used a 7-year323

long record (2006–2013) when the mooring was deployed at approximately the same324

bottom depth of 956± 5 m, measuring velocities between 120 and 670 m depth. A325

lowpass filter of 36 hours was applied to the velocity time series, originally recorded326

every 20 min, before daily averages were computed. The velocity was rotated to327

align with the direction of the mean flow of the uppermost part of the IFSJ below328

570 m (where the depth-intensification begins) for this time period, which is 98◦
329

clockwise from true north. To determine the dominant variability of the velocity, we330

computed empirical orthogonal functions (EOFs). Before decomposing the velocity331

time series, we linearly interpolated the gaps of two to four weeks every summer332

when the mooring was serviced. Different interpolation methods gave quantitatively333

similar results in the EOF analysis.334
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Supplementary information483

Figure S1: Vertical sections of temperature across the IFSJ. Tempera-
ture (colour) and density (thin grey lines) for the yellow segments of the shipboard
transects in Fig. 1b. The thick black line is the 27.8 kg m−3 isopycnal. The black
inverted triangles indicate the locations of the stations. The abbreviated names
of the transects are used as labels in Fig. 1. The bathymetry is from the ship’s
echosounder.
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Figure S2: Vertical sections of salinity across the IFSJ. Same as Fig. S1
except for salinity.

21



Figure S3: Dominant variability of the along-stream velocity from the
inshore moored record at section N (2006–2013). a) Empirical orthogonal
function (EOF) modes 1 (blue) and 2 (red), explaining 68 and 26 % of the variance,
respectively. b) Mean along-stream velocity profile (purple, dashed line) and velocity
profiles (blue: mode 1, red: mode 2) for times when the principal components
for mode 1 and 2 are positive and negative one standard deviation. c) and d)
Principal component time series for mode 1 (PC1) and mode 2 (PC2). The units
are normalised by the standard deviation.
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