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Abstract

The Mohn Ridge separates the Greenland Sea and the Lofoten Basin. Previous studies identified the export across
the Mohn Ridge (EMR) from the Greenland Basin into the Lofoten Basin using water mass analysis and the tracer
diffusion method, but there is still lack of direct current measurements. A surface mooring with four current
meters was deployed on the Mohn Ridge from June 5 to June 18 in 2015, when three cyclones passed in the
adjacent area. In the absence of cyclones, the flow on the Mohn Ridge was northeastward, parallel to the ridge.
When cyclones appeared,  the EMR occurred to transport  Greenland Sea water into the Lofoten Basin.  The
probable mechanism is the sea level height variation caused by the perturbation of the low pressure of cyclones,
which yields an outward pressure gradient force to drive the outflow. Our results suggest that the outflow is
intermittent and only happens during cyclone activities. The annual mean volume flux of EMR was roughly
estimated by the limited data, which is about 3.8×106  m3/s, a little bit smaller than the estimation based on
volume conservation.  The results  indicate  that  the contribution of  the cyclonic  storms to  EMR is  a  greatly
important mechanism that potentially influences the global thermohaline circulation through the Greenland-
Scotland Ridge overflow.
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1  Introduction
The Nordic seas, including the Greenland Sea, Iceland Sea,

and Norwegian Sea, are of great significance in connecting the
Arctic Ocean and the Atlantic Ocean. They cover an area of
2.5×106 km2 in north of the Greenland-Scotland Ridge and south
of the Fram Strait-Spitsbergen-North Norwegian section. The
Nordic seas contain four major basins, including the Greenland
Sea, Iceland Sea, Lofoten Basin, and Norwegian Basin. There is a
complete mid-ocean ridge system consisting of the Kolbeinsey,
Mohn and Knipovich ridges. The Jan Mayen Fracture Zone cuts
through the mid-ocean ridge at the north of the Jan Mayen Is-
land and the Vøring Plateau lies in the east of the Nordic seas.
Thus, the topography features of the Nordic seas are very com-
plicated, which greatly influence the oceanic circulation. Under
the restriction of the topography, the mean circulation in each
basin is cyclonic in the middle and deep layers (Voet et al., 2010).

The cold and dense water flows across the Greenland-Scot-
land Ridge in the southern part of the Nordic seas are termed the
overflow. The overflow has three branches: the Denmark Strait
overflow, the Iceland Faroe Ridge overflow, and the Faroe Bank
Channel overflow from west to east. The overflow water entering

the north Atlantic forms the North Atlantic deep water and bot-
tom water because of its high density (Blindheim and Ådlands-
vik, 1995; García-Ibáñez et al., 2018). The deep convection in the
Greenland Sea in winter increases the density of the water mass
and forms the main source of high-density water for the overflow
(Hansen and Østerhus, 2000).

The high-density water flows out of the Greenland Sea across
the Jan Mayen Fracture Zone and bifurcates into two parts
(Hansen and Østerhus, 2000). One part flows to the south and
supports the Denmark Strait overflow (Rudels et al., 2002;
Harden et al., 2016). The other part flows into the Norwegian Sea
via the Iceland Sea to participate in the Iceland Faroe Ridge over-
flow and Faroe Bank Channel overflow (Hermann, 1967; Sælen,
1990).

Observations have shown that, in the last 20 years, the total
flux of the Nordic seas overflow water has remained quite stable
(Quadfasel and Käse, 2007; Jochumsen et al., 2012; Karspeck et
al., 2017; Østerhus et al., 2019). It has been suggested the stability
of overflow must be due to a great amount of water accumula-
tion in the Lofoten Basin, which forms the sea surface height
gradient to drive the overflow and maintains the stable overflow  
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for long periods of time (Köhl, 2010).
The characteristics of the water masses in the Lofoten Basin

mainly originate from the Greenland Sea. Besides, tracer experi-
ments (Olsen et al., 2005) have affirmed that the Greenland Sea
water enters the Lofoten Basin to form the Norwegian Sea inter-
mediate water. Observations on the dissolved oxygen also sug-
gest that there is a close relationship between the intermediate
waters in the Lofoten Basin and the Greenland Sea (Jeansson et
al., 2017). However, as there is no a specific current connecting
the two basins, how the Greenland Sea water enters the Norwegi-
an Sea remains unclear.

There are two possible pathways for the export of Greenland
Sea water. One is the narrow Jan Mayen Channel. Swift and
Koltermann (1988) observed the current in the Jan Mayen Chan-
nel at depths ranging from 300 m to 700 m with the outflow velo-
city ranging from 7 cm/s to 9 cm/s. The estimated volume flux of
the channel is around 0.8×106 m3/s to 1.6×106 m3/s (Smethie et
al., 1988; Hansen and Østerhus, 2000). Shao et al. (2019) named
the outflow of the Greenland Sea through the Jan Mayen Chan-
nel, the inner overflow of the Nordic seas, which was considered
to generate and maintain a gigantic cold reservoir in the north
part of the Norwegian Sea. However, some observation data were
inconsistent with the above results. Østerhus and Gammelsrød
(1999) presented evidence based on the current meter data that
the current in the Jan Mayen Channel is not present all times.
When the deep convection in the Greenland Sea weakened the
current reversed and flowed to the Greenland Sea, which indic-
ates that the flow in the Jan Mayen Channel might be intermit-
tent.

The other possibility for the Greenland Sea water entering the
Lofoten Basin is across the Mohn Ridge, which we termed export
across the Mohn Ridge (EMR). Previous researches on the Mohn
Ridge mainly focused on the features of the along-ridge current.
The middle and deep circulations in the Greenland Sea and the
Lofoten Basin are all cyclonic, whereas the current in the upper
ocean along the western and eastern flanks of the Mohn Ridge
are all flowing to the northeast. Bosse and Fer (2019) implemen-
ted some repeated measurements during two cruises of PRO-
VOLO (water mass transformation processes and vortex dynam-
ics in the LB of the Norwegian Sea) at a section of 150 km in
length across the Mohn Ridge, and a poleward flow with the max-
imum speed of 0.45 m/s. Even at a depth of 1 000 m, the current
speed was still 0.15 m/s. Ypma et al. (2020) also found the along-
ridge current near the Mohn Ridge using the Lagrange method.

There is still little data on export over the Mohn Ridge. Some
studies have reported eddies generated by instability, which
would induce EMR (Blindheim, 1990; Blindheim and Rey, 2004;
Budéus and Ronski, 2009). Most studies of the EMR were based
on temperature and salinity data, tracer data, lowered acoustic
doppler current profiler (LADCP) data, and modeling results.
There have been few long-time direct current measurements for
the EMR. During the joint expedition of Ocean University of
China and the Akvaplan-Niva in the Nordic seas in 2015, a sur-
face mooring with four current meters was deployed on the west-
ern flank of the Mohn Ridge (72°27'N, 0°12'E, as shown in Fig. 1).
The mooring was recovered by the end of the cruise, and the data
was from June 5 to June 18, 14 days in total. The main purpose of
the mooring was to measure the EMR. During the cruise, three
atmospheric cyclones with strong wind passed and influenced
the area in which the mooring was deployed. The direct current
measurement may have revealed the current features at different
depths under the impact of cyclones.

In this paper, we analyzed the velocity of the EMR and con-

nected it with the cyclone activities and mean sea level pressure
variations. We estimated the annual transport of EMR based on
the annual numbers of cyclones. The probable mechanism of
EMR was also discussed.

2  Data and methods

2.1  Current data
The surface mooring marked in Fig. 1, was anchored on posi-

tion (72°27'N, 0°12'E) from June 5 to June 18 during the cruise in
the Nordic seas in 2015. Four sets of Aanderaa Current Meter
were equipped to the mooring at depths of 200 m, 500 m, 800 m,
and 1 200 m. The sampling time interval was 5 min. The current
data was processed using the tidal harmonic analysis, power
spectrum analysis and running average to obtain the residual
current. The dataset and details can be found in Section 3.

2.2  Cyclone data
The locations and characteristics dataset of the extratropical

cyclone in the Northern Hemisphere from 1958 to 2016 is issued
by National Snow and Ice Data Center, which is obtained by the
daily sea level pressure data in the reanalysis dataset of the Na-
tional Center for Environmental Prediction and the National
Center for Atmospheric Research using the updated Serreze
(1997) algorithm. The time interval of the data is 6 h. The cyclone
data are available at http://nsidc.org/data/nsidc-0423.html.

2.3  Wind velocity data
The 10 m wind velocity in the NCEP/DOE (Department of En-

ergy) Reanalysis 2 dataset (an improved version of the NCEP
Reanalysis 1 model that fixed errors and updated parameteriza-
tions of physical processes) were used to represent the wind field
variations during the observation. The spatial resolution of the
data was 2.5°×2.5° and the time interval was 6 h. The wind velo-
city data was averaged to obtain the daily mean velocity. The
NCEP data are available at https://psl.noaa.gov/data/gridded/data.
ncep.reanaly-sis2.gaussian.html.

2.4  Mean sea level pressure data
The mean sea level pressure data was obtained from ERA5

hourly data (Hersbach et al., 2018) for the period from June 1,
2015 to June 30, 2015. ERA5 is the fifth generation European
Centre for Medium Range Weather Forecasts reanalysis for the
global climate and weather for the past 4 to 7 decades. Hourly
mean sea level pressure data at 0.25° resolution was retrieved and
averaged into 24-h interval. The mean sea level pressure data are
available at https://cds.climate.copernicus.eu/cdsapp#!/dataset/
reanalysis-era5-single-levels?tab=overview.

3  Ocean current data analysis
The time series of raw current data are shown in Fig. 2. The

current speeds at all four levels presented low frequency vari-
ations. At 200 m, the average speed was about 8.9 cm/s, which is
much bigger than those at deeper three levels. At 500 m, the aver-
age speed was 3.3 cm/s; at 800 m it was 2.3 cm/s; and at 1 200 m,
the average speed was 2.5 cm/s.

The direction at the deeper three levels had remarkable high
frequency variations, showing the tidal or inertial signals.
However, the flow direction at 200 m did not change much, in-
dicating stronger residual current in the upper ocean.

It was obvious that the raw current data were composed of
signals with different periods, further processes were needed to
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remove the periodic signals and noises.

3.1   Analysis for tidal currents
The tidal harmonic analysis in the UTide Matlab toolbox

offered by Codiga (2011) was applied to the raw current data. The
harmonic constants are shown in Table 1. The result of harmon-
ic analyses showed that the semidiurnal tide was dominant in
this region and the diurnal tides are relatively weak.

The zonal components and meridional components were
composed to obtain the tidal current. The velocity of tidal cur-
rent at each level was weak compared to the total current. At 200 m,
the average tidal current speed was 2.34 cm/s; at 500 m, it was
about 0.87 cm/s; at 800 m, it was about 0.68 cm/s; and at 1 200 m,
the average speed was 1.05 cm/s. Therefore, the tidal current had
little impact on residual currents near the Mohn Ridge.

3.2   Filtering of the inertial and high frequency components
After subtracting the tidal currents from the raw data, there

were still some high frequency variations, inertial currents and
low-frequency residual components. Taking the power spectrum
analyses, the dominant periods at 200 m, 500 m, 800 m, and 1 200 m
were 13.13 h, 12.64 h, 12.64 h, and 11.77 h, respectively (Fig. 3).
The dominant signals were expected to be the inertial currents,
as the theoretical period of inertial current at this latitude was
12.55 h. The differences were mainly due to the confusion between
the semidiurnal tides and the inertial currents because their peri-
ods were quite close.

The running average method was used for filtering the iner-
tial current and the high frequency signals. The time window was
selected as 13.25 h that is longer than inertial period, i.e., 159
points for sampling interval of 5 min. The running average was
separately applied to the east and north components, and the
components of the residual current were obtained. By synthesiz-
ing the residual components, the direction and speed of the low
frequency flow are shown in Fig. 4.

In Fig. 4, the 85° and 285° are the rough direction of the Mohn
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Fig. 1.   A sketch of the ocean circulation in the upper layer of the Nordic seas (Blindheim and Rey, 2004). The dashed lines represent
the flow of Arctic-originated waters and the solid lines represent Atlantic-originated water. The pentagram (72°27'N, 0°12'E) is the
location of the current meter moored in June 2015. Point A (72.75°N, 0°) and Point B (72.25°N, 1°E) at the east and west flanks of the
Mohn Ridge are for calculating the air pressure difference across the Mohn Ridge through the mooring. The gray lines represent
different isobaths.
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Ridge, and the flow appeared between the red lines represents

the water transportation from the Greenland Sea to the Lofoten

Basin, which is also called EMR.

4  EMR related to atmospheric forcing

4.1  Wind variation during observation

Combining the cyclone data with the NCEP reanalysis wind

velocity data, three cyclones were identified that passed the re-

gion (70–75°N, 20°W–15°E) adjacent to the buoy, greatly affecting

the regional wind field. The cyclones are numbered 2823 (Cyc-
lone A), 2899 (Cyclone B), and 2915 (Cyclone C) and their traject-
ories are shown in Fig. 5.

Cyclone A passed the region from June 1 to June 3, and its in-
fluence on the flow field still affected the current velocity on June
5 when the mooring was deployed. Cyclone B appeared from
June 5 to June 10, and greatly influenced the records of the cur-
rent meter. As it moved to the north, the central pressure de-
creased from 1 008 hPa to 992 hPa, and then rose to 997 hPa. Cyc-
lone C entered the Kara Sea on June 9 and then moved south-
westerly and swept the northern Nordic seas until June 15. The
central pressure of Cyclone C decreased to 980 hPa before rising
to 997 hPa then. These three cyclones passed through the Nordic
seas successively, causing strong wind and altered ocean cur-
rents.

The 10 m wind velocity data in the NCEP-DOE reanalysis
dataset are used to present the wind field variations during the
observation.

As we can see from Fig. 6, the wind field was a superposition
of the winter northerly wind and the cyclonic wind field. On June
3 and June 4, Cyclone A had already disappeared and north wind
prevailed in the Nordic seas. From June 7 the wind field became
cyclonic and the wind at the mooring location was from the south
because Cyclone B moved to the north, moving to the east of
Greenland Island. After that, Cyclone B gradually moved away
from the mooring and the wind field returned to the northerly
wind on June 11 and June 12. Beginning on June 13, Cyclone C
approached the mooring and the northerly wind prevailed in the
Nordic seas. The center of the Cyclone C approached the moor-
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Fig. 2.   Direction and speed of raw current data. The flow direction and speed plotted by the raw current data at the levels of 200 m (a),
500 m (b), 800 m (c), and 1 200 m (d).

Table 1.   Tidal current harmonic constants

Depth/m Constituent
Zonal component Meridional component

H/(cm·s−1) g/(º) H/(cm·s−1) g/(º)
200 O1 0.54 206 0.31 347

K1 0.24 270 0.80 277
M2 1.94 56 2.46 328

500 O1 0.27 222 0.33 293
K1 0.57 267 0.73 252
M2 0.78 236 0.38 92

800 O1 0.29 199 0.29 318
K1 0.40 258 0.75 272
M2 0.24 345 0.68 336

1 200 O1 0.19 239 0.24 347
K1 0.31 266 0.82 265
M2 0.76 202 1.07 67

      Note: H denotes the amplitude of flow rate; g denotes phase lag.
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Fig. 3.   Power spectral density with 95% confidence bounds after removing the tidal current at 200 m (a), 500 m (b), 800 m (c), and
1 200 m (d). The blue lines represent the east component, and the red lines represent the north component.
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Fig. 4.   Variations of residual current direction and speed at the four levels: 200 m (a), 500 m (b), 800 m (c), and 1 200 m (d). The red
lines represent the inclination of the Mohn Ridge.
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ing location on June 14 and moved away on June 16. From June
17 to June 20, the wind calmed.

4.2   Residual current and the impact of cyclones
The influence of the mean sea level pressure (SLP) on resid-

ual current was also studied. The differences of air pressure
across the Mohn Ridge at the mooring site were obtained by sub-
tracting SLP of Point A (72.75°N, 0°) from that of Point B (72.25°N,
1°E). The temporal variation of wind vectors, differences of SLP
and residual current vectors were shown in Fig. 7.

As shown in Fig. 7a, the northerly wind was dominated by
Cyclone A from June 1 to June 7. After June 7, the local wind
changed to a southwest wind and wind speed continued to in-
crease until June 9, indicating the transit trajectory of Cyclone B
along the west of the surface mooring. Since June 9, the wind
changed again to the northwest until June 16, showing the tra-
jectory of Cyclone C east of the mooring. From June 15 to June 19,
the local wind gradually turned to the west and southwest from
northwest and wind speed decreased quickly.

The initial direction of the residual current at 200 m was 30°
from June 5 to June 6 under the impact of Cyclone A (Fig. 7c), in-
dicating that Greenland Sea water had not entered the Lofoten
Basin. After June 6, the flow direction at 200 m depth was quite
stable from 100° to 130°, showing an outflow from the Greenland
Sea into the Lofoten Basin. Cyclone B came from the southeast
Nordic seas since June 8, and the maximum current speed of
0.12 m/s appeared on June 9. Cyclone C began to influence the
observation area on June 12 and the maximum speed appeared
on June 13. After June 15, the speed and direction of the flow at
200 m changed little. For most of the observation period the dir-
ection of the outflow at 200 m was southeast, which brought the
Greenland Sea water into the Lofoten Basin.

Current variations at 500 m, 800 m, and 1 200 m are shown in
Fig. 7. Under the influence of Cyclone A, the direction of the re-
sidual current at 500 m and 800 m changed from northwest to
about 90°, while it changed to around 220° at 1 200 m. Under the
consecutive influence of Cyclones B and C, the residual current
at each level flowed southeastward or southwestward, around
148° at 500 m, 205° at 800 m and 213° at 1 200 m. When Cyclone C

disappeared, the direction of the deeper three levels rapidly re-
covered to around 60° and the export across the Mohn Ridge sus-
pended.

The local wind variations and residual current variations
match well with the variations of difference of the mean SLP. As
presented in Fig. 7b, the minimum of SLP differences appeared
when the cyclones passed the mooring site. The negative SLP dif-
ferences drove the EMR from the Greenland Sea. The matching
of cyclones and the SLP differences also indicated that the out-
flow from the Greenland Sea to Lofoten Basin was arisen by driv-
ing of cyclones, not by free eddies generated by instability pro-
cesses.

The negative SLP difference implies the anomalous SLP field
as shown in Fig. 8. When a cyclone passed the Nordic seas, a low-
pressure center associated with the cyclone will appear, which
sometimes overwhelms the Icelandic Low, and moves to the east
part of the Nordic seas. The low-pressure center appeared in the
northeast of the mooring location on June 3. Then, it continu-
ously moved to the north on June 4 and gradually disappeared.
On June 9, the low-pressure center covered the mooring location.
From June 11 to June 14, the low-pressure center moved close to
observation location from northeast to southwest. On June 16,
there were two low-pressure centers on the map, one was the
Icelandic Low in the south and the other is a low pressure in-
duced by a cyclone in the north, both were far from the mooring.

We believed that the cross-ridge SLP difference dominated
the geostrophic current along the ridge in the situation without
cyclones. When a cyclone passing, the low air pressure interfered
the SLP difference and produced the geostrophic deviation,
which allowed the Greenland Sea water to flow outward. So, the
variation of SLP difference was the key factor to influence the
deep current.

4.3   Discussion of export across the Mohn Ridge
Based on water mass analysis, there are huge amounts of wa-

ter entering the Lofoten Basin (Blindheim,1990), but the mech-
anism of the export is still unclear because there is no direct cur-
rent connecting the two basins. Figure 7 shows that during the
last few days of the observation, the cyclones disappeared and
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the current direction at the deeper three levels returned to north-
eastward (around 60°). This suggested that the current flows
northeastward along the ridge without the influence of cyclones,
consistent with the mean circulation pattern (shown in Fig. 1).
The topography-constrained current obstructed the Greenland
Sea water from crossing the Mohn Ridge and entering the Lo-
foten Basin. However, the current at 200 m was an exception,
which still flowed southward at that time, being inconsistent with
the northeastward flow at the deeper levels. More observations
are needed to reveal the reason for the quasi-opposite flow at 200 m.

From June 9 to June 15, the transit cyclones altered the cur-
rent direction to southeastward at all depths, which allowed the
Greenland Sea water to enter the Lofoten Basin. Therefore, the
major driving mechanism for the EMR might be passing cyc-
lones, with which the outflow of the Greenland Sea water should

be intermittent.
It was pointed out in previous investigations that the current

along the Mohn Ridge could cause instability and produce ed-
dies, which would lead to water transport across the Mohn Ridge
(Blindheim, 1990; Blindheim and Rey, 2004; Budéus and Ronski,
2009). The current embodied a quite steady outflow in both
speed and direction from June 9 to June 15. It did not show the al-
ternating flow field of a passing eddy, so we considered that the
outflow was not caused by a free eddy. However, a stationary vor-
tex could show such a quite steady outflow, which is impossible
to be detected with only one mooring, if any.

Our result suggested that the EMR was caused by the abnor-
mal sea surface height field induced by the cyclones. Under nor-
mal circumstances, the sea surface height is high at the rim and
low at the center of the Greenland Sea, and the pressure gradient
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force is pointed toward the Greenland Sea, which matches the
cyclonic circulation in the Greenland Sea (Fig. 1). The wind field
also supports the current at both flanks of the Mohn Ridge flow-
ing to the northeast. When the cyclones were passing, the central
low pressure of the cyclones disturbed the sea surface height field
intensely and the sea level decreased causing a regional pressure
gradient force pointing to outside the Greenland Sea. The out-
ward pressure gradient force destroyed the geostrophic current
at all depths, and drove the outward flow as presented in Fig. 7.

4.4  Estimation of volume transport of EMR
The volume transport is very important because it decides the

scale of the cool pool in the northern Nordic seas, the possible
Norwegian Sea branch of the Greenland-Scotland Ridge over-
flow, and the northward flux of the cold recirculation along the
Norwegian coast under the Atlantic water. It is difficult to estim-

ate the volume flux of EMR from the Greenland Sea using only a
single mooring and a short-term measurement. However, it is
still possible to roughly estimate the volume flux of the intermit-
tent outflow due to the cyclonic storms if we know the velocity of
the residual current and the number of this kind of cyclone per
year.

According to the results in Fig. 4, the conservative estimate of
the mean value of the velocity component that is perpendicular
to the Mohn Ridge is 1.1 cm/s. Assuming that a passing cyclone
from south to north will influence consecutively the outflow in
the same way along the Mohn Ridge of 550 km length, and con-
sidering that the outflow appeared in the top 1 200 m, the mean
flux of the outflow is about 7.3 ×106 m3/s when the cyclone is
passing and outflow occurs. According to the results in this study,
water transport caused by a cyclone continued for about 3 days.
The total number of cyclones appearing near the Mohn Ridge
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(70°–75°N, 20°W–15°E) from 2009 to 2016 is plotted in Fig. 9 and
the multiyear averaged cyclone number is 63. Therefore, the an-
nual mean transport flux of EMR is estimated about 3.8×106 m3/s.
The estimation value is rather rough, because the speed might be
larger or smaller, the outflow may appear deeper than 1 200 m,
and the influence scope of a cyclone might be shorter than the
length of the Mohn Ridge.

Based on the volume conservation in the Greenland Sea, the
volume flux of EMR can be estimated by the water flux at the oth-
er four passages (Fig. 10). The estimation for the water fluxes in
these pathways are listed in Table 2. The values obtained by pre-
vious researchers were quite different, which might have been
caused by seasonal anomalies, interannual deviation, or low-fre-
quency oscillation. The estimated values of the flux through Fram
Strait are over a large range, 5.8×106 m3/s to 13.0×106 m3/s. As the
difference might include the interannual information, it is reas-
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Fig. 8.   Mean sea level pressure variations.

69

56

68

59
62

55

62
71

2009 2010 2011 2012 2013

Year

2014 2015 2016
0

10

20

30

40

50

60

70

80

N
u
m

b
er

 o
f 

cy
cl

o
n
es

 

Fig. 9.   Number of cyclones near the Mohn Ridge from 2009 to
2016.
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onable to estimated it as 9.8×106 m3/s by the mean of the six val-
ues shown in Table 2. The inflow from the recirculated Atlantic
water is about 2×106 m3/s; the outflow over the Jan Mayen Frac-

ture Zone is about 5.3×106 m3/s to 5.7×106 m3/s; and the outflow
from the Jan Mayen Channel is about 1×106 m3/s. Thus, the flux
of the EMR should be about 5.1×106 m3/s to 5.5×106 m3/s. Our
result is smaller than the estimation based on volume conserva-
tion.

The estimated values based on our measurement or by
volume conservation may be inaccurate due to the short time
span of our observations and the striking differences from previ-
ous studies. The flux of the EMR might vary with time with the
varying wind, the changing convection in the Greenland Sea, and
the large-scale adjustment of both the Arctic and Atlantic oceans.
The volume flux of EMR driven by passing cyclones might not the
only mechanism by which the Greenland Sea water enters the
Lofoten Basin. More studies are necessary to reveal the mechan-
ism of EMR and accurately determine the flux through this im-
portant pathway.

We connected the Greenland Sea outflow with the cyclone
movements by analyzing the current data. Cyclone activity may
destroy the geostrophic current restriction, intermittently caus-
ing Greenland Sea water to enter the Lofoten Basin. A specific
mechanism was given for water transport across the Mohn Ridge,
which helps us understand the features and patterns of Green-
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Fig. 10.   Water fluxes (unit: Sv) of each passage in the Greenland Sea.

Table 2.   Water flux at each passage in the Greenland Sea

Water transport pathway
Flux/

(106 m3·s−1)
Reference

Inflow at the Fram
Strait

11.1±1.7 Fahrbach et al. (2001)

13±2 and 12±1 Schauer et al. (2004)
7.1 Aagaard and Greisman

(1975)
5.8±1.8 De Steur et al. (2014)

13 Fieg et al. (2010)
8.6 Beszczynska-Möller

et al. (2011)
Inflow of the recirculated

Atlantic water
2.6±0.1 Fahrbach et al. (2001)

2.7 De Steur et al. (2014)

2 Marnela et al. (2013)

1.6 Håvik et al. (2017)
Outflow across the Jan
Mayen Fracture Zone

8 Woodgate et al. (1999)

5.3−5.7 Håvik et al. (2017)
Outflow through Jan

Mayen Channel
1 Stone (1996)
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land Sea water export.

5  Conclusions
In the Nordic seas, the Mohn Ridge is a part of a middle-ridge

system that separates the Greenland Sea and Lofoten Basin. The
outflow across the Mohn Ridge from the Greenland Sea might be
an important contribution to the Greenland-Scotland Ridge
overflow to the North Atlantic Ocean. Previous studies support
the existence of EMR through water mass analysis, chemical and
numerical tracing, vessel-based acoustic doppler current profiler
(ADCP) measurements and LADCP casting. Since there is no ob-
vious current connecting the two basins, the manner of the ex-
port from the Greenland Sea is still unclear. Also, since there is
no direct current measurement, the water transportation flux re-
mains unclear. During a cruise in the Nordic seas in 2015, a sur-
face mooring was deployed on the Mohn Ridge (72°27'N, 0°12'E,)
on June 5, and recovered by the end of the cruise at June 18. The
mooring equipped four Andre current meters at depths of 200 m,
500 m, 800 m, and 1 200 m. During the cruise, three cyclones
passed by the Northern Nordic seas. The data revealed the influ-
ence of cyclone activity on the EMR. By removing the tidal signal
with harmonic analysis and filtering the inertial and high fre-
quency signals with running average, the residual current was
obtained.

In the absence of cyclones, the Greenland Sea circulation is
cyclonic, and on the west flank of the Mohn Ridge the flow is
northeastward (around 60°), which constrains the Greenland Sea
water from entering the Lofoten Basin. When the cyclones ap-
peared in the area adjacent to the mooring, currents at all depths
flowed to the south or southeast, indicating the occurrence of the
EMR, with which the Greenland Sea water was transported to the
Lofoten Basin. When the cyclones left, the currents in the deeper
three levels quickly recovered and turned to the northeast. Our
result suggests that the Greenland Sea water outflow is intermit-
tent and only occurs during cyclone activities.

Previous studies suggested that the eddies generated by the
instability of the current along the Mohn Ridge could induce
transport across the Mohn Ridge. According to our result, howe-
ver, the southward currents during cyclone passing are quite
steady in speed and direction, indicating cyclone-induced inter-
mittent flow, not moving eddies or stationary vortexes.

The probable mechanism for EMR is discussed in this paper.
Without cyclones, the wind-driven sea level height of the Green-
land Sea is higher at the margin and lower at the center, with the
pressure gradient force pointed towards the interior of the Green-
land Sea. The low pressure of cyclones wiped out the column
with higher pressure and caused a pressure gradient force from
the Greenland Sea to the outside to drive the EMR.

SSH was the driven factor of deep current, which was built by
the cyclonic wind field. Because wind include wind direction in-
formation, we select to build the connection of EMR with wind in
this study for better understanding of EMR.

Although the outflow induced by cyclones is intermittent, the
annual mean of the volume flux of EMR is expectable. It was diffi-
cult to estimate the flux of EMR using only a single mooring and
short-term measurement data. In this study, we roughly estim-
ated the volume flux of the intermittent outflow based on the re-
sidual current results and the annual mean cyclone number. The
annual mean flux of EMR was estimated to be about 3.8×106 m3/s,
which was a bit smaller than the estimation based on volume
conservation.

The results indicated an important mechanism through
which the Greenland Sea water is transported to the Lofoten Basin.

As extratropical cyclones occur frequently in the Nordic seas, the
contribution of cyclonic storms to EMR is of great importance for
the water balance in the Nordic seas, which potentially influ-
ences the global thermohaline circulation through the Green-
land-Scotland overflow.
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