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ON THE QUESTION OF CURRENT DYNAMICS IN THE NOKWEGIAN AND GREENLAND
SEAS (¥*)

by V.V. Penin

Leboratory for Oceanography, Pciar Scientifin Kesearch and Planning
Institute for Marine Fisheries and Oceaaocgrapby imeri I.M. Kipnovicha
(PINRO)

The pattein of the permanent currents of the Noxrwegian and Creen-
land Seas,adopteid by the Polar Institute is that of Alekseyev and
Istoshin, whicl' “hey revised in 1957 [1].

The chart of relative topography for the 0-500 dbar layer in the
Norwesgian Sea constructed by the dynamic method from the results of
the June, 1963 survey [2], as well as the above-mentioned pattein,
clearly shows the entire Norwegian current system and the East Ice-
landic current, which enters the Faeroe-Shetland channel from G4°N
along the 3°W meridian.

Moreover, the dynamic chart shown here, as well as the scheme
puwblished by Helland-tiansen and Nansen {3] shows a cyclonic rotion of
the water masses, but its center is situated more to the West. ‘The
crowding of the dynamc contour lines clearly reveais the zone where
the western branch and its northwestern am criverge with the Fast
Icelandic current.

North of the Faeroce Islands is the zone where the East Icelandic
current converges with the Faeroe branch of the North Atlantic E
current. North of 67°30'N, hetween 2° and 8°F, we observe a circular
motion of the Atlantic waters and their sinking to great ceptis.

The struc.ure of the currents in the Norwegian Sea is strougly in-
fluenced by the bottom topography [4]. The center of the aforemention-
ed cycionic gyre in the westem part of the Norwegian Sea is located
cver a rise with a depth of 975 m, sitiated between the Icelandic and
Morwegian depre:cmns

{*) Translated from: Meterialy ryboihozyaystvennykh issledovaniv
Sevem)>o basseyna (At erlals on marine fisheries research in the
northern hasini, Vol. 5§ {1983), pp. 80-9Q.
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275 m on the northeast {68°30°N and 7°30°W)
In the southemn part of the Norwegian Sez, the deep waters of the
East Iceiandic current fan out in two directions.
1o the East, flowing along the southemn border of the Norwegian
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STRUCITURE AND STABILITY OF THE CURRENT SYSTEM IN THE
NORWEGIAN AND GREENLAND SEAS

The next step in our investigation was a detailed analysis of
the dmamic structure of the waters of the Norwegian and Greenland
Seas along standard profiles, and a determination of the stability
of the East Icelandic and branches of the Norwegian currents during
different months of individual years.

On the profile along 63°N, the East Icelandic current was
iocated at exactly the same coordinates (4°W-3°30'W) in June of 1960,
1962 and 1963, and had the following maximum velocities: 13.9 av/sec,
8.2 aw/sec and 24.4 an/sec, respectiveiy.

As may be seen from Table 1, in June of 1963, when the water
temperature of the East Icelandic current was the lowest it had been
over the last five years, the cold stream covered a larger area than
in 1960 and 1962, extending from 4°45'W to 3°30'W.

Table 1.
1963 (am/sec):

Current velocities at 63°N in June of 1960, 1962 and

Depth, Coordinates (West)
m | 6030~ |5°30— | 45— [woo—| ¥w-|2—]re_
5° 307 4 45 | 4° 00’ ¥ ' Pl 50 1° 00’
0 -03 +23.1 +263 —~139 +82 —155 +132
20 —03 +231 +263 —i37 +74 —153 +132
1950 50 —-03 5231 +255 —120 +74 —.147 +132
100 —03 +228 +224 — 84 +52 —13.1 +132
200 —0.1 +195 +153 — 43 +32 — 84 +113
0 +36 + 39 + 34 — 82 +4.4 + 10 + 36
20 +36 + 36 + 34 — 82 +42 + 13 + 31
1962 50 +3.6 + 36 + 36 — 82 +39 + 14 + 3.1
100 +36 + 36 + 356 — 82 +39 4+ 10 + 34
20 432 +33 +31 —72 +33 —03 + 3%
0 —46 + 34 — 66 —214 +28 +17.0 — 16
20 —45 + 32 — 66 —-239 +27 +164 — 14
1963 50 —42 + 32 — 70 -229 +26 +155 — 14
100 2 + 34 — 70 -220 +16 +145 — 16
200 ~—12 + 38 —-70 ~11.2 +0.2 +10,1 - 10
NOTE: For Tables 1-12, a (+) sign indicates northward

nmotion, a (~) sign indicates southward motion, and cormmes

within numbers represent Gecimal points.

In 1963, as in 1970, a branch of the East Icelandic current was

In June of 1963 it was located between
1°50'K and 1°W. . It was not present in 1962, since the velocity of
the main cold stream was low (approximately 8.2 an/sec).

observed or the 63°N profile.
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The greatest combined extent of the East Icelandic current and
its branch was recorded in March 1963 (Table 2) The main stream was
located between 4°30'W and 2°30'W, and its branch was located between
1°40'W and the zero meridian.

Table 2. Current velocities at 63°N in March 1963 (aa/sec):

Depth, Coordinates (W_est) _ _ .
6 30— |52 30— | 42 27— [3°55'— 130 20" 2 29— |12 90~ J1o00°| O
m 50 301 l 49 27: 3; 55- 35 %; ’ 2: 29- ] ,‘!n- l;. (ﬂ' 0-, ml ;0-, 45:
0 —50 +48 —26 —}l4 —28 <112 —75 —54 1202
20 —46 +5.0 —26 —-14 28 +112 —73 —52 +196
50 —45 +5,1 —26 —14 28 +1L1 -7.0 —32 <194
100 —44 +5.4 26 -4 ~-26 +106 —7.0 —485 183
200 —24 +39 —24 -0 =15 + 84 —65 =30 #1458

In the years with a noticeable strengthening in the East Iceland-
ic current, the Noxway current at 63°N seems to be divided into two
streams. Thus, in 1960 and 1963, a warmm flow was traced between the
East Icelandic current and its branch. When the Noxway current was
found to be strong at this latitude, its oore was held at a longitude
of 0°45'E, and when it vieakened, it was displaced to the East, being
situated at 1°30'E.

The significant seasonal fluctuation of the Norway current is
attested t by the fact that in March of 1963 its velocity was 20.2

an/sec, while in June of the same year it was 8.4 am/sec (the summer
minimum) .

On the $3°N profile, one may note an inverse reiationship between
the average temperatures of the 0-20C = layer in the Morwegian current

and the 0-200 and 200-500 m layers in the East Icelandic aurrent over
the last five vears (Table 3).

Table 3. Average temperatures of the 0-200 m layer in the
Norwegian current and the 0-200 and 200-500 m layers in the
East Icelandic current (June 1954-1963):

! Year .

Current Layer, m j -
yers 19:9 i 1960 l 1961 l 1962 | 1963
Norwsy 0--200 £34 8585 854 7.8 829
East 0—200 7.06 6.10 757 7.92 620
Icelandic 200500 367 149 343 431 230

T R T
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On the profile at 65°45'N, the axis of the cold East Icelandic
current, as shown by the dynamic calculations, is located in most
cases between 9° and 10°W. The velocity of water transport by the
East Icelandic current in the summer of 1963 was also higher on this
profile than during the same period in 1960 (Table 4), which caused

great negative temperature anomalies here in the surface and deep
layers.

Table 4. Current velocities at 65°45'N in July 1960 and June
1363 from 11°W to 3°10'W (cw/sec):

Depth.‘ COc?rd1nates (West) : ’
Year\ _ n°—10°! 19 | o8 l 7 | 760 ‘ i lse—g i
!

10’

{as
; i
+14 29 —19 —37 451 +15 —27 +53
20  +10  —29 —12 34 +46 +17 —32 +35
190 0 +12 32 —12 —26 +37 +20 —37 457
160 407  —27 —10 —17 +36 417 —36 +5I
200 —08  —14 07 ~03 +29 +l4 —36 +31
(1] —1.9 —42 +03 —0.2 +32 ~03 22 0.7
20 —20 —4.1 +05 02 +3.4 ~0.8 +19 +63
1963 50 —19 —4.1 +08 —03 +3.7 —1.2 +14 +09
160 —17 —3.7 +12 —03 +3.7 —0.8 405 =09
200 —0,7 —3.2 +10 +933 +3.1 —07 —-03 +13

The lateral extent of waters of the East Iceiandic current does
not rer@in constant; it varies in direct proportion to fluctuations in
current speed. For example, in July 1960 and Juse 1963, its boundaries
were between 10° and 7°W and between 12° and 9°W respectively, but in
October of 1960 the boundaries were between 11° and 10°W.

In the years of a strong East Icelandic current (1960 and 1563),
its branch between 6° and 5°¥ on the 65°35'N profile was traced at
maximum velocities in the 50-200 m layer. In the years of relatively
weak circulation (1961 and 1962), this branch was also weaker.

In the sumer months of 1960 and 1963, the wam waters of the
western branch of the Norway current on the same profile occupied a

large area. Their western boundary ren along 3°10'W, and the eastern
boundary ran between zero and 1°W (Table 5).

) The core of the westemn branch, which extended between 0 and 1°W
in Jjune of 1960, was significantly displaced to the east in June of

1963, apparently under the influence of the strengthening East Ice-
landic current.

The velocity of the western branch was iower in 1963 than in 1960,
and the average temperature of its 0-200 m layer was 0.97° lower.
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Table 5. Current velocities at 654
in July 1960 and Jume 1963 (am/sec, :

5'N fiom 3°10'W to 6°E

Coordinates (West) |  Coordinates (Ea<t)
< i |
o < I I TR U A (PO S NS NI K S
M of ; ovu g - = T %
SRR R - T N I A bt B P
1A lasnfax |on | 28 1 8 |2 [a& jas]|5x |*k]b

0 407 453 +36 —105 +'38 +82 — 09 —55 +240 --2
20 107 448 +36 —104 +135 +78 — 04 -6
960 S0 +02 +44  +34 — 94 4128 469 + 04 -

100 102 437 427 —76 4163 471 0 50 +i72 ~0.7 -

2 497 4128 +44 -- 57 507 +29
4 424 128 +44 56 +5.6 27
J 22 +128 444 ~- 53 +53 +26
9 419 +126 443 ~ 54 +14 +22

ek
b

1963 50 425 415 +04 + 32

Moreover, in June 1963 the western branch was more intense than
the eastern branch, as a result of which the temperature of its 0-200-

m layer was about the same level as 1961, a wam year, while at the
same time the castern branch was colder than in 1961.

In the summer of 1960, the velocity of the eastern branch of the
Norway current was significantly higher than in 1963, which also agrecs
well with the temperaturs conditions.

During the years when the East Icelandic current was strong
(1960 and 1963), the 65°45'N profile showed the boundary hetween
Atlantic and polar waters located along 1°45'W, bet in 1962, when the
current was weak, it was shifted to 3°10°'W.

‘n the 67°30°N profile, the axis of the western bruuch was
located in the majerity of cases between 1° and 2°W {Tabl.: 0).

Table 6. Position of the axis of the western branch on :he
prafile at 67°30'N:

Months i 19260 ! Months in 1963

Longi tudd

August

Jan. % Apr, ! June

Septl June ! July! Aug.

East: 2 22407 12 01 22400 L2 | R A &
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The velocities of the western branch on this profile were lower
in June of 1963 than the same period in 1960 (Tapie 7). Its tempera-
tures varied in direct proportion to the current velocity.

Table 7. Current velocities at 67°30'N in June of 1360 and
1963 (cm/sec):

Coordinates {East)

Depth, i ( DY R
Year o 1°—0° 0—1 1P—2 (2~ 40 l 3o gy et
0 +4,2 +9.% +05 —1.2 — 65 +58

1960 20 41 +92 +06 —~12 — 6.5 +58

50 +39. +9.0 +05 -0  —63 +56
9 +24 +04 +70 +3,6 —10,1 0

1963 20 +22 —02 +7.4 +3.1 — 96 —02
50 +24 —0.4 472 +2,6 -~ 89 —-0.5

The rate of increase in velocity, and consequently the heat trans-
:t, was higher in the westem branch than in the eastern branch on
the 67°30'N profile in June 1963. Thus, the variation in the average
temperatures of the 0-200 m iayer in the eastern branch (+T = June 1963,
-T = June 1960}, was -0.56°, while in the western branch it was -0.06°.

In July 1963, the velocity of the western branch grew to 13.5
an/sec along the core, as opposed to 7 cm/sec in June of the same year.
In August, however, the influx of heat decreased somewhat, which

caused a decrease in the average temperature of the deep 200-500 m layer.

Table 8. Current velocities at 67°30'N in .July and Ausust
1963 (cm/scc):

| Cocrdinates (East)
Depth I . N 23 10°.
Month | “F- 1200 [ oo | te—2 la2vgor | 200
m -
0 --13 +18 +13.5 —34 -3
July 29 -—1,1 + 17 +13.1 —~29 --3.4
- 30 —1.0 +1.5 +13.0 —-26 —34
Q -2 —3.6 +113 4+62 +02
August 20 +0,2 —~3.8 +11,0 460 0,0
0 +0,7 —4.0 +10.6 £33 —-02
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The axis of the eastern branch of the Norway current underwent
insignificant shifts, remaining between 6°45'W and 7°30'W.
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Our attention was drawn tc a well-developed stream between the
eastern and western branches of the Norway current. Its direction
is opposite to that of the main currents. Evidently, there is a
circular motion of the waters here.

On the 67°30'N profile, the position of the polar front also
varied with the velocities of the East Icelandic current and the
western branch of the Norway current. The dividing line between the
polar and Atlantic waters ran along 5°W in the summer and fall months
cf 1960 and 1963, but in 1961, when the circulation of the Last ice-

landic current was somcihat weaker, this line was shifted westward
to 7°W.
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In the northern part of the Norwegian Sea, on the 68°20'N profilc,
the northwest arm of the Norway current is located between 7° and 5°W.
The border of its maximum eastern position may be assumed to be 4°W.

Judging by the 1ate of increase in the velocities of the north-
west am and the €xstyn branch in June 1963, we may conclude that the
advection of heat by the northwest am in this year was greater than
that of the eastern branch. The variation in the average temperatures
of the 0-200 and 200-500 m layers of the northwest arm for the two
comparable years {(+I = 1963, -T = 1960) was +0.3° and +0.6°, while for
the eastemn branch these differences were -0.88° and -1.02°, respective-
ly. It should be noted that the advection of heat by the eastem

branch of the Norway current in June 1960 was the greatest it had been
for the last ten years.

Table 9. Current velocities at 69°20'N in June and August
1963 (am/sec):

Coordinates (West)

=
Month | & | i
§ | go—re !7°—5° ‘6°-—5° gsv—«

w3 | 32 |20 1o
' i i

0 —02 +3.0 +8,0 —22 —G2 +5.6 +54 54

June 29 02  +34 +74 =20 —02 452 452 =532
5 —02 +34 64 —20 —02 450 +46 —44
0 —16 482  +30 462 —~22 +54 06 —60
August 20 —20 +82 +26 458 -24 #5350 —04 56
50 —~20 480 424 56 —~24 430 —06 —48

-8 -
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The velecity of the northwest am was three times higher in June
1963 than during the same period in 1960. A further increase in its
intensity was observed in August 1963. The width of this am alsc in-

creased from 40 nautical miles in June to 60 nautical miles in August
(Table 91.

As may be seen from Table 9, in June 1963 between 3° and 1°W, and
in August 1963 between 3° and 2°W, another am of the western branch
was tracked, leading into the area of the Mohns Ridge. Between this
agd thedmrthwest amm, a cvclonic motion of the water masses may be
observed.

From June to August 19€3, the axis of the westevn branch shifted
from 4°E to 1°E. Correspondingly, the axis of the northwest am was
also shifted to the east.

The average monthly temperatures of the 0-20C m layer in the
eastern branch and the northwest arm on the 69°20'N profile were all
analogous; their maxima occurred in May, August and November, which
bears witness to the single-phase nature cf their variation.

Table 10. Differences in average temperature for the 0-200
and 200-500 m layers of the eastern and westem branches on
standaxd profiles:

Layer North 71959 -T1960* | T1960—7 1961 | 7 1€61--71962 | 7 1962— 71963
m Coord. i 11 f 1 i 1 1 h

67°30° +034 4098 +050 +040 —L10 —092 +008 +047
0-200 69°20° 4070 +023 +020 017 -—148 —106 <040 +0.4
71°100 _+014 +050 +016 --033 -—-140 —071 +036 0.1

67°30° 4030 145 4076 —050 —077 057 —022 —03
200—500 69200 +055 +059 +036 4034 —127 —094 --009 +03x
71°0r  —0,72 +051 016 --081 -098 402 =214 045

¥ I - Average temperature of eastern brarch
ITI - Average temperature of western branch

A series of averuge temperatures of the 0-200 and 200-500 m
layers of the eastem and western branches on profiles from 65°45':
t> 74°30'N has been correlated for the sumer periods of past years.
lor the 0-200 m layer, the correlation ccefficient was 0.92. The
equation for this relationship may be expressed as: yi; = 0.27xe - 0.20.
A nore complex relationship was observed in the 200-500 m layer. The

average temperatures along the 65°45'N profile, the variations of which

were caused not only by the velocities of the Norway currsnt bus aizo
by the influence of the East Icelandic current, were excluucd from the
statistical series in this layer. Its correlation coefficient was not
very high (+0.71).
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Fig. 2. Dynamic chart of the Greenland Sea.

On the profiles at 67°30'N, 69°20'N and 71°10°'N, beginning with
1959, for each pair of vears the temperaturo differences in the (-200
and ”’0" 500 m layers of the eastern and western branches were calculat-
ed separately {Table 10).

in thc 0-200 m layer, the indicated differences havs the same
Iz the 260-500 m laver, only the signs ‘51 the

sign in all cases.
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69°20'N profile were the same. On the 67°30'N profile, the deep
circulation of the western branch was subject to the strong influence
of the East Icelandic'current, which also caused the predominance of
. cpposing signs. Fer the eastern branch, voth the surface and deep
circulation were characterized by an identical tendency to change.

o
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The position of the branches of the Noxway current in the Green-
land Sea have been indicated on a dynamic chart of the Greenland Sea
constructed from data of the June 1963 survey (Fig. 2).

On the profile at 74°30'N, the axis of the eastem branch passed

betwean 13°30'L and 14°25'C, vhiic the axis of the central branch was
about 11°30'E.

The maximum velocities were found in the eastern branch. The
velocity of the central branch of the Norway current on this profile
during the same period was less than that of the western branch, which
also caused the differing heat transport by these branches.
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A merging of the central and eastemn branches takes place on the
76°30" profile. The combined flow, called the West Spitsbergen cur-
rent, occupies a large area between ’9° and 12°30'E. The westem branch
of the Norway current still remains independent, however, developing
into a weak stream and turning into a gyre.
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On the profile at 78°N, the West Spitsbergen current divides into
two streams. One proceeds to the north, while the other turns to the
northwest. Between them there appears a cyclonic gyre. According to
dynamic calculations, the velocity of the West Spitsbergen current
reached 19.5 an/sec in June 1963.
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ADVECTION GF iEAT BY THE NORWAY CURRENT AND ITS BRANGHES
ON PROFILES FROM 63°N TO 71°10'N
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In accordance with accepted practice [5], we calculated the ad-
vective transfer of heat as the difference in the quantity of heat
transported thyough the two cross sections of the current (based on
data from the June 1963 survey).

oF ok 11 b1 WL £
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By using the dynamic method to process the data from all stations
on the profiles, we obtained the current velocities in an/sec for each
level of observations. For detewmining the advection of heat, we took :
only those staticns at which the direction of the current velccity co- 3
incided with the general direction of the current.
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The formuia for advective iransfer of heat in cal/sec between
neighboring profiles ifor each isobaric surface mav be expressed in the
8 gp )
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where Q3 and Vj are the weighted riean values of the temperature and
velocity of the current at each profile (transverse to tne current),
and 1 is the corresponding lengih of the profile.

The weighted mean value of the temperature (); was detemined
from the formula:

Q) = i ( Qut, )

where Q is the mean value of the temperature at each standard level
between two neighboring stations, and dl is the distance between
stations.

The weighted mean value of the current velocity Vj on the profile
was dctermmined from an analogous formmla:

1
Y Vv, di
3

T~y

1
}

s

-~
w
'

.\'l .

The veighted mean values of the current velocity and temperature
on the various prcfiles are indicated in Table 11.

The advective heat transfer Letween neighboring profiles was also
calculated by Eq. (1) for each level of observations.

The maximum hLeat transfer (Table 12) was noted between the pro-
files at G.°00' and 65°45'N, vhere the diffusion of Atlantic waters 1s
still relatively small. Positive advection is observed over the entire
three-hundred-meter layer. Farther to the north, between the profilces
at 65°45'N and 67°30°'N, there is a broadening of the geographic rangc E
cf the Atlantic waters, which is accorpanied by a decrease in the
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anount of advective heat transfer. Furthemmore, between these profiles

the advection of heat attenuates very rapidly with depth, and at a

depth of 300 m becomes negative. Such a phenomenon is explained by the

influence of the deep East Icelandic current.

Table 11. Weighted mean current terperatures and veloci-
ties on the indicated profiles:

Coordinates (North) e
Depth, 63" 65° 45 67° 30 | 6% ar | 71
Y i N
—_ - .- ~ . - s — ] — .
=10 i Vv]o ‘ v o} Vig 1V ‘ 9 l \
{

G 989 58 857 356 877 33 731 37 593 40
20 912 54 740 35 773 33 109 353 566 39
50 844 52 637 32 66l 32 607 31 47 37

100 724 49 519 29 58 30 537 27 4: 32
200 577 39 408 22 504 23 473 18 379 23
300 450 25 312 12 431 16 429 i1 340 14

Table 12. Amounts of advective heat transfer by branches
of the Norway current (cal/sec):

Coordinai:.es {North)

Depth, 63° 00657 45" g 65¢ 45°— 67-30'¥67=30'--59’20' 697 20". S

m
0 +2452 +1925 —2120 + 1688
@ +2225 + 1434 2077 + 1314
50 +2537 + 93 -1298 4 975
100 +2343 4+ 427 — 823 + 719
28 +1602 + 79 — 2R + 2%
360 + 1023 — 282 — 8 + 177

The advection of heat falls off sharply betiween the profiles at
67°30'N and 69°20°'N, where the Atlantic waters "spread cut” over a
wide area. The fall-off in heat advection was calculated separately
for the castern and westem branches. For the westem branch, the
amount of heat advecticn was -591 cal/sec, while for the eastem
branch it was -1550 cal/sec, i.e., the decrease in heat advection by
the eastern branch was almost three times greater than that of the
westem branch.
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A tendency for the eastern and western branches to draw closer
is observed between the profiles at 69°20'N and 71°10'N: here, the
amount of advection increases, becoming positive over the entire
300-meter lay->r.

CQONCLUSIONS

1. The distribution of temperatures, salinity and current veloci-
ties on profiles in the Norwegian Sea indicates the existence of a
complex system of eddy movements between the main branches of the

Norway current.

2. The presence of gyres in the western part of the lorwegian
Sea and between the eastern and westem branches [of the Norway
current] north ¢f 67°30'N is undeubtedly rzlated to the bottom

topography .
3. During veriods of a strong East Icelandic current, a branch
of it separates and heads CSE. .

4. The variations in mean temperatures of the 0-200 m layer in
the westemn branch and the 0-200 and Z00-500 m iayers in the eastern
branch had the same signs on all profiles, while the temperature
variations in the 200-500 m layer of the westem branch had differing

signs on the profiles at 65°45'N and 69°20'N.

5. The advection of heat by the branches of the Norway current
was minimal between 67°30'N and 69°20°'N, and increased to the north

and south of these profiles.

6. In certain cases, the advective heat transfer by the westem
branch is greater than by the eastem branch, which causes a dispro-
portionate accumulation of heat by them and results in teimerature
anomaiies in local areas of the sea.
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