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FOREVIORD

Studios of tho hydrographie eonditions along standard
soetions have been carried out in the Norvmgian Sea for

many years. The nost notable of these seetiono is probably
the Sognefjord Scetion Helland-Hansen (1934) reported on

early invcstigations of it, 2lld more reeently Smlen (1959
and 1963) has examined in detail the ehanges in volume tran
sport aeross it and has diseussed possible eauses of the

pronouneed waviness in the isotherms and isohalines whieh
is found inthe temperature ~ld salinity distributions

whenever it, 01" any other seetion in the Norwegian Sen,

is worked.
As a result of these and other investigations it has

beeome appnrent to Norwcgian and British workers over the

last few years that, in order to make further progress in
tho study of the variability of·thc temperaturc und salinity

eondi tions in the liJorYlegian Sea, use TImst be made of the
moored reeording instruments whieh are now beeoming avai-

lable.
lnterest in tllC study of the physieal variability

of the oeeans has also been growing rapidly reeently in
many other quarters. The Hydrography Committee of the lnter
nation~l COillleil for the Exploration of the Sea (lCES) has

paid inereasing attention to it at the annual meetings of
the Couneil and has set up a working group on tue subjeet.

}'urthor, lCES intonds to hold a symposium on the "Physieal
Variability of the North Atlantie Oeeun und its adjaeont
soas" at Dublin in September 1969. The lntorgovornmental
Oeeunographie Commission (lOC) also has a working group
on tho same subjeet and one oi its scientifie ndvisory

bodies, the Seientifie COIDLlittee on Oceanie Research (SCOR)

held a symposium on Variability in the Ocean in Romo in
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May 1966. In order to encourage tho development of the
necessary recording instrumentation for the study of varia
bility SCOR has ostablishod a Working Group on Continuous

Velocity Measurements.

It was against this background that scientists at
the Geophysical Institute, Bergon and the Fisheries Labo-

.ratory, Lowestoft, decidod to mount their 1967 study of

physical variabili.ty of the Norwegian Sea which forns the
subject of this report.ltsaim was the repeated working
over'a period of 2 months of-a singl~ hydrographie section

along which. buoys- vii th recording instru.rnentation had been

moored.
:rn presenting a r€porton.this study-at this time it

is ourintontionto mru{e kno~TI thc first results-and to
roloasetho 1'1hole of the processed data·. We feel that i t .
is proper to do this at an early date after the completion

of the vrork: Q t seo. rn.ther than to vii thho1d" them until vre
had wri tten-a-complcte and detailod report, a .task 'iyhich .
might take four or five yeurs. The processed data are held
by the· institutions Iisted belaw und areavailableon-request.

It is our hopo that othGr-~orkers will use them to investi
gate particular-topics.· For' example, . our"colleaguc G. B0yum
is already usinG Gome of them in connexion with an air-sea

. interaction study. V[e DurselvGs hope at a Iater dateto

~ carry out the power spectrum ~~d tidal ana1yses of the
current measurements.

yre tha..~ the many col1eagues who' made ·the investi
gation possiblo'by assisting in the preparation of thc

instrumentation, in carrying. out the research cruises and
in thc processing of thc do.to.. In po.rticular, wo would liko
to tharu{ Ferris Webster of the Woods Hole Ocemlographic
Institution for his kind assistance in thc computer analysis
of the current meter data.
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Institutions holding data from the 1967 Study of

Variability in the Norwegian Sen

Geophysical Institute, Bergen, Norway: Tempernture and

salinity data both as print out and on punched cards
(ICES format). Current meter data both as print out

and on punched cards. Meteorological data in manu
script form.

Fisheries Laboratory, Lowestoft, 'England: Temperature and
salinity data -ao print out, but not data "for Occan '
Weather StatiDn METRO. Print out of derived data, (6t

specific volume anomaly, 'dynamic height anomaly,

potential energy anomaly, geostrophic currcnt and
mass transport). Surface thermograph, GEK and bathy
thermograph records; all in analogue form ..

Woods Hole Ocea..'YJ.ographic Institution, 'Woods Hole, Mass. ,
U.S.A.: Current meter data as print out and on
punched cards.
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IHTRODUCTION

During April-Uay 1967 a variability study on hydro
graphie parameters ~as earried out in the Norwegian Sea by
the Geophysieal Institute, Bergen, illld Fisheries Laboratory,
Lowestoft. Partieipating ships Vfere: R.V. "H.U. Sverdrup"

and R.V. "Helland-Hansen" 3.Ild R.V. "Ernest Holt".
The observations were taken along the 66 0N parallel

from 60 E to 2oW, thus passing through the position of
Oeean Weather Station ~ffiTRO where hydrographie stations
have been taken sinee 1948 (Fig. 1). The investigations
were eoneentrated in the Atlantie Vater and mainly eon
eerned with periodieal variations between 4 hours to 30

days duration .

.....
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THE OBSERVATIONS

Anchored buoys carrying recording current meters
(Aanderaa, 1964) were placed in the following positions

during the period 1-:-5 April by R.V. "H.U. Sverdrup":

Station Position Sounding Observation Depth
A 66 0 03 1 IJ 50 20 ' E 750 m 200 m
B 65 0 59 1 lJ 40 18 1 E 1300 m 200 m
C 66 0 01 ' IJ 20 04'E 1980 m 200 m and 350 m
D 66 0 00 ' H lO35'E 2500 m 350 m

The positions of the current meters along the section are
sholm in Figure 20..

The buoys TIere lifted for servicing on 21-22 April
and finally recovered by R.V. "Helland-Hansen" on 20-22 May.

The current meters rccorded integrated current speed

over 30 minute intervals and current direction and tempe
rature at the beginning and end of euch interval.

Due to instrumental failure, ut Station C at 200 m

there are no current speed registrations after 23 April.

The instrument placed ät 350 m at Station C was lost, pro
bably during launehing, and consequently there are no ob
servations from this location. The rest of the recording .

instruments riorked perfectly during the periods concerned,

giving the follorring amount of data:

Station

A

B

C

C

D

Oboervation Humber of data Length of observation
depth period
200 m 2278 47 days 11 hours
200 m 2109 43 da.ys 22! hours

200 m: speed 864 18 days 7ft hours
direction and
temperature 2249 46 da.ys 20-~- hours

350 m Ho observations

350 m 2194 45 days 17 hours
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The hydrographic stations were worked at fixed posi

tions at about 10n.miles intervals along a section 190 n.miles
long between 60 E ffi1d 20 IT. Temperature nnd salinity were

sampled at the following depths: 0, 50, '100, 150, 200, 300,
400, 500, 600, 700, 800 und 1000 m. A total number of 352

stations \7Gre tal:en, eovering al tObether 17 erossings of
the seetion~ The details of the crossings are given in
Table 1 w1d sho~TI in time sequenec in Figure 2b. It should

be noted that the hydrographie stations are numbered 1-20
from east to west in contradistinction to the buoy stations

which are lettered A-D.
During. erossings·Hos. 2 und 4, GEK was used. Aboard

R.V. "Ernest .Holt" a sea surfacethermograph' was' run con....
tinuously and at 0.11 stations a bathythermograph was lowered.

to 275 m.
Near· buoy Station. C( 66 0 If;" 20 E) , . Hansen bottle easts

were ·taken at 1 hour intervals during 24 hours on 20-21 May •.
I~eteorologieal observations were made athourly in

tervals vnlenever a research vessel was within thc vicinity
of the section.

Ocean ,:Veather Station METRO waG oceupied... by the ..

Weather Ships lIPolarfront I" and "Polarfront 11" taking

.hydrographical.and meteorologieal.observations.according to
. ·their .normal .programme as shov-n in Table 2.

The section is in an area of good Loran A coverage
and the positions-of.the·research.vessels could be fixed

'. with ..an. aceuracy of ±0.1 n.milc •

\
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PREVAILING WEATHER SYSTEMS

The daily mean north and east components of the winds

recorded at Ocean Veather Station 1ffiTRO for the period
29 March - 20 May ure given in Figure 25.

During the few days immediately before the buoy sta

tions nere laid there was adepression, low CA), to the
southeast of METRO und on 27 Uarch i;/inds there were north

easterly und reached 40 knots. This depression moved to the
Barents Sou and winds at 1illTRO decreased to 5 lenots, but on
28 r..Io.rch a ne\7 Ion CB) developed to the south of METRO and
moved northeastwurds giving north to northwest winds ut

~mTRO of 35-45 knots. By 1 April these winds had moderated
to 20 lenots as the depression moved northwards, but a new
low Ce) nas developing south of Iceland. On 2 April low
e was to thc east of Icelund with ninds at 1illTRO in the

southeast quadrQilt und reaching 48 knoto, and by 3 April
it was to the northwcst of I.lliTRO with ninds there southerly
and 30 l:nots. Lon' C continued to move northrmrds and fill,
but by'4 April low D was dcveloping to the south of Iceland
and moving quickly oastwards. This gave rise to north to
northeast winds of 30knots at ~ffiTRO on 5 and 6 April.

By 7 April, llowever, a ridgo of high pressure running

northeast-south\lest nas established over ~mTRO and winds
there became northeasterly, 18 Imots at first and then

easterly, less than 10 knots, on 8 and 9 April. The ridge
finally drifted southeastwards allowing aseries of emaIl

depressions to pass through the Denmark Strait, and these
gave rise to southwesterly winds reaching20-35 knots at
1ffiTRO'on 11-15 April. Even stronger winds, westerly at 38
knots, occurred on 15 April'when one of these depressions
moved to the north of ~.IETRO, but this 10\"1 weakenGd on 16
April. However, by this time low E was developing to the

south of nffiTRO and moving eas~7ards to give northerly winds
of 33 knots on 18 April. On 19 April low F was south of
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Ieeland and this too moved eas~vards to reach the Baltic
on 21 April. At the same ti~e a high pressure area developed
over Greenland und the western part of the Norwegian Sea.

Hence, wind s ut METRO Vlere in the northeast quadrantat
20-30 lenots until 23 April.

On 24 April low G was southwest of Icelund und pres
sure rms high over southern Scandinavia. rrinds at METRO be
came southerly at 42 1cnots. Low G moved northwurds, but

Ion H developed in the Denmark Strait on 25 April und moved

to a position northwest of n'ffiTRO on 27 April, so that winds
there vlere southwesterly at 30 knots on 25-27 April. On
27 April 101'1 I'was developing over leeland and it moved
northeastwards, giving westerly 30 1cnots winds at 1ffiTRO.

On 30 April a change occurred. Pressure'became high
over Greenland and low over northern Scotland, so that
winds at I.ffiTRO became norther1y; 15 knots. The 1017 pressure

urea moved to southern Scundinavia and remain there until
3 I'.Iay, vrith \vinds at UE~RO in the northeast quadrant, 20-30
l{nots. On 4 Hay a large depression (1017 J) was si tuated

just \'lest of thc Bri tish Isles and pressure was' high from

Greenland to Scandinavia. \rinds became ,easter~y, 15-20
knots, at METRO und remained so until 8 l.Iay. By 9 May 1017

J had fil1ed and drifted to the Faroes region where it
persisted until 11 I1Iay: winds at METRO became southeaster1y,

10-15 lenots, and tilen northeuster1y, less than 10 knots. A
ridGe of high pressure extended from the Äzores to ~lliTRO

on 12 May and the next day a \-,real;: lorI developed over south

ern Scandinavia und the Ba1tic, so that winds at 1lliTRO
nere in the northwest-northeast quadrant, 10-15 knots. On
15 Mayahigh pressure area became established over the
southern Hornegian Sea and a 1017 pressure area (low K) over
the British 1s1es. As 1017 K moved towards southern Scandi
navia on 16 May, winds at ~lliTRO changed from \vesterly, 12

1cnots to norther1y, 20 to 30 lenots. Low K then proceeded

to move slow1y northw'est\7ards and by 19 and 20 I.by vms
posi tioned northeastnards 01' METRO: \7inds changed from

northwesterly, 10-20 lenots, on 17 I~ay to wester1y, 8-34
lenots, on 19 l.1ay and to southvlGstcrly, 20 knot~, on 20 May.
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BOTTOM TOPOGRAPHY

The bottom topography ulong the scetion is shown in
Figuro 20.. It is dcrived from echo soundcr rceords obtained

from R.V. "Ernest Holt" on one of its erossings. It ean be

seen tbat the seetion erosoed the eontinental slope und
started at about 500 rn depth in the east und reaehed

3400 m depth in the west. There is a break in tho slope
betpeen 20 30'E und 40 E (Stations 6-10) at 1400 m dcpth.
Buoy Stations A und B were situated to the east of- this
breclc und buoy Stations C und D irnrnediately west of it.

Beyond the break the slope falls rapidly towards tbe abyssal
zone at 3000 m depth und Station D is elose to this zone.
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THE HYDROGRAPHIC SEC1'IONS

Tho tomperaturo and aalinity conditions are subjoct
to great variations ~ith reapect to space and timo. In tho
mean atationa, however, short periodic or random fluctua

tions areeliminated by tho procosa of averaging the depth

of tho iso11noo. The mean stations nnd the sections there
fore Sh0\7 tho atationary or tho quasiatationarY...part of the
field.

It may furthermore'be sho~TI' from the.mean sections,
as well as from those based on aingle stationa, that thc
isotherms coincide vory closely vlith .. the'isohalines •.1'he
most conspiceous and characteristic features may therefore

be illustrated by considering the isotherm distribution
through a mean.section (Pig. 4).

The riestern side of the secti.onshoi'TS-admixturo of

Arctic'~ater, 'probably related to a tongue of the Bast
Icoland Ärctic Current_ (He11and...llan8en und Nansen 1909).
·1'he magnitude. of the intruding vrator varies from one sec

.tion.1Jo the next due to meanderi..'1.g current and lateral "
deviation. Further. east the ,i801ines appear slightly vravy,

but mainly horizontQl till near the Dcean Weather Station
METRO (2oE) where .,tho tsalin.es. declines nteeply towards

cast. These con<litions appear.very constant and stable,
thua clearly seen on all ainglc sec.tions as wel] as on the
me811 aection~ 1'his .config1J.ration may to Game extent explain'
the apparently,random andabrupt variationa v/hich have

previously been noticed on the data from Weather Station
IiIETRO (IiIosby 1959), because·a ..comparatively ·sroall .lateral
deviation will obviously give perceptible differellco in

depth of the isolinos. The isolines related to the deeper
wator manses rise towards the continental slope, probably
duo to deep rmter transport tmvards north. The isolines

rolated to tho upper layera decline towarda east near the
slope, indicatinG.stronc geostrophic currents-~owardsnorth.
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We may therofore oonolude that the transition layor be
comes more narro\-l tovmrds east. The temperature gradient

is tvlice as great in the eastern part as in the westorn
part of the seetion. ~'he salini ty ShOVlS the same feature
and even greater di,fforence between the vertieal-gradients
at the eastern and the·western side of the section.

The effeet of the vertieal mixing will not be studied
any further in this report, but only mentioned as one of
the problems whieh should be paid attention to in future

investigations •
.The hydrographie features which have been dealt vri th

above, mayaIso be seen on the seetions based on single
stations although in a more obseure form .
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GENERAL DESCRIP1IOIT OP THE CURREUT SYSTEIIIS IN THE nORrTEGIAH SEA.

The lJorriegian Sen ü] dominated by n system of surface

currents, forminG a great counterclockwise circulation (FiG. 9).
The Atlnntic current enters the Horwegian Sea mainly

through the Fnroe-Shetland Chonnel, and runs in llorthensterly
direction folloping the continental slope nlong the conot of

Horrmy. Further north it splits inio different branchas,one
of which runs into the Bnrents Sea, another contineous north
rrestrrard along the coast of Spi tsbergen and finally cmters·

the Polar Sea. At about 77°_780 U one branch turns westward,
crossing the UOI'\7egian Sea forming a :::mbsurface current
under the East Greenland current.

The East Greenland eurrent originates in the Polar Sen

running southrrcstrrard itlong thc eontincntal slopc of the
eastcoast of Greonland, and leaves the Norwegian Sea through
the Denrnark Strai t ~ North of Iceland the East Icelo.nd curren t

runs southeastrrard, following thc Iceland-Faroe ridgo. Ono
part oi it crossos thc ridge and runs into the Atlantic
Ocean, while wlothcr part is absorbod by the Atlantic eurrent.

Associatod \-vi th the prinoipal eurrents along the bordar

of thc Horrregiall Sen thcrc are triO major eddies, one in the
southorn und one in the nort11ern part of the Nor\7eei.:ui Sen.

Togothcr rrith numerous sIlaller Qua::::istG.tionnry eddieo, they

cover the extonsive areQS \'Ihere lateral mixinß takes place.
Throuch these gyrals vrator massas related to the Bast

Greenland nnd East Icelwld currents are intcrnittontly tr~~

8ported to the co.stern part of the Horr;egian Sen vlhero tra
ces of those vrater masses may bc cncountercd.

The IJorrrcgian eonsto.l currcnt compriees \7atcr of Bal·~ic

origin, togGther \7ith run off rratGr fron land. The coo.stal
wntor is cho.racterized by low salinity and tempernture, thc

related current runs mainly nortllrrards along the continent,
forming n border betnoen the Atlantic curront and the eonst.
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The lJorvreginn Sea deep vl8.ter is generally eonsidered

a homogeneous watertypo whoro only very 10Vl eurront speods

are found. Reeont investigations, horrover, S110\7 rolativoly

groat eurront speeds, particularly naar tho continental

slopa.

The present work doos not comprioe investigntions on

tho docp rmter which will consoquolltly not bo denl t rli th

D.l1.y furthor .
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TEE CURRENT COlTDI TIons

Tho data obtained by the eurrent metors have been
eorrceted and applied for preliminary analysis aeeording
to thc standard program at Geophysieal Institute. The objeet

of this unalyois Dao mainly to revcal the eharaeteristie
features of the eurront and the temperature fields.

The eurrcnt eomponent histogroJ:ls (Figs. 10 - 13)
show the magnitude and the prineipal enrrent eonditions at

the respeetive stations. At Station A there is an obvious
instrumental failure, most likely duc to a blind sector in
the eompaSG.

At Station A the eurrent meter was loeated to 200'm

depth and the eurrent speed varies between 10-75 ern/sec,
!:lost froquently 25-30 ern/sec. Tho mean north eonponent is

12.7 em/see, tIw mean ea.st eomponent -4.2 em/see, and the
most frequent direetion is 290-3000 magnetie. The latter
vC1.1ues should be regarded vritll eare, due to the errors

mentioned above.
The progressive veotor diagram (Fig. 18a) indioateo

0. north'l7estorly rmtcr transport durinG the period eoneerned.
At buoy Sto.tion TI the eurrent meter uae loeo.ted at 200 m

depth, o.nd the reGistra:tions show quite uniquc eurrcnt eon-f'" ditions. Thc speeQ ranges betwcen 0-50 em/eee, most fre
quently betncen 15-20 ern/sec. Thc mean l1.0rth eomponcnt is

only 0.2 em/see nhereas the mcnn cast eomponent is 10 em/see.
Conscquently, at this station there is an eo.stward direeted
flon with smo.ll or insignifieant eo:oponents tovmrds north
und south. This feature is also elearly seen on the progres
oive veetor diagro.m 'whieh indieo.tes 0. period of about one

month.
Buoy St8.tion C v/o.s anehored in the vieini ty of the

Oeean \leather Station TiIETRO emd the eurrent meters rlere
loeatcd O-t 200 m and 350 m depth. Unfortunately, the instru
Iaent o.t 350 m \70.S lost during the launehing, and the irwtru
ment at 200 m depth failed after 20 days. The rcgistrations
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obtained durillg tlle firot 20 dayo, ohow relatively stablo
currcnto, B~inly directed touards north. The current speed
ranges from 15-80 cm/ sec most frequently betvvcen 20-55 em/
sec, thus a relativcly strong current torrnrds north. Average
llorth eomponent is 25 eD/ soe and average cast eomponcmt is
deterrüncd to 2.4 cm/ sec.

On Station D the current meter ~ao located at 350 m.
The eurrent eonditions are obviouoly quite stable und very

similar to those on Station C.
The eurront speed vo.riea betrreen 10-GO em/aee, most

frequently betrreen 25-30 CD/sec. The most lrequent eurrent

direetion is 350-360 0
•

IITean north eonponent is 17.3 em/aec und the meun east
cOlnponent is 0.4 cm/aee. Comparing the progressive veetor

diaGram for Stations C and D, there ia a striking simi
lari ty bctnoen thc trIo tro.e 1::0 lor the period eoneerned. The

progreaaive voetor diagram lor Station D (FiC. 180.) shows

a otrong eaotrrard flon during the period 21-25 ll.pril. Tl18

temperature rogistr~tions ohons a drastie rise of about 40

for the Game l)eriod, indicatiug that the ins trument has
been loeated in entirely difforent rrater masaGo. The tempe
rature decreaaoo touards riest, o.nd the ri8e of temperature

eannot be e~plaincd by a mere lateral movement. The average

vertieal temporatureßradient have been determined to about
0.019 0 /m, 81d tho tcmperature increa8e thu8 corre8pond8 to

a vertical displo.eement of about 210 m. It cun be shorm

tho.t a lori pre8suro sY8tera r!i th eorresponding stronG south
TIesterly winds has passed thc buoy station durine this

period. A closor examination of the eurrent registrationo
shorrs eurront speeds exeeeding 50 em/see direeted towards

east/northeast till about 0300 hour on ~~ril 26. ~bout this
time the eurrent direction changes o.bruptly tormrds north/

northrrest. The moment for this event seoms to eorrespond

very closely rri th a frontpasso.ge indieated on the vleather-
map8.
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A oimilar tcmpcraturo incrcQoo is seen on Figuro 7,
Station D for the period April 6-12 ITithout thc same offect
on tho corrosponding currünt condition. At Station C thera

is no current ::::peecl rcgistrations nftor Lpril 22. HorlOvor,
tho current cliroction h.:J.G boon rocordod 8horTing tho same
chango in current direction 0.3 on Sto.tion D. Thc tempcraturc
rOßistration8 at Station C, Figuro 7 shOrT8 pcriodical vor
tical clisplacoDonts nna doos not rovoal nny particulnr riGo

of tonpol"o.turo for tllO Ijcriod i-,hich 11'::-08 bGcm dGal t r:i th
nbove.

It is ronson to boliovo thc::~ tho phGnomona which hnvo
been discussod in closely rolated to tho propagation nnd
passago of the rTeathersystom. An invootigation of'thcso

conditions is considorod to bc of gront importnnco, but
boyoncl tho intontion of this roport.

Tho progressive vectordiagram (Fig. lSa) shorm that

tho average rTo.tertrm1sport rangoD from 10-26 em/sec. The

maximal averago speed TIhieh rinD found at buoy Station C
may not be cOllsidered rolevm1t, bocauso this speed is

basod on a shorter poriod of obDorvation when strong cur
rcnts were rocorded on all buoy stations.
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llarmonie Qllalysis with respeet to diurnal and semi
diurnal tidc..l periods h0.8 been appliod to the eurrent eompo
nents. Tha ::malysis has bean Ilarformed steprrise, upplyinC

72 eonseeu~ive hourly observations 1'01' euch step.
Current ellipoes have been' detcrr.J.ined for thc diurnal

and scmidiurnc..l eomponcnts. Hiotograr.J.o, shorring the moot

frequent lengtll 01' thc long ClXCS emd the noot frequent
orientCltion io ~ivenin Figurc 18b.

Baoed on the analyoio indicatcd above the tidal eurrent
eontribu tiOll mo.y briefly be che,raeterized LW 10110rrs:

~"- .

Length of lont'· o.:x:es~ -, .

Di:"lrno.l SemidLurnetl

I.lux. Most frequent l:bx. Most frequent
St. ern/sec ern/sec em/oee ern/sec

A 24 12-15 24· 3-6
TI 21 3....6 27 0-3
C 36 6-9 36 3-6
D 30 9-12 24 9.-12

On Sta.tions I., TI and C thc diurnal contributions are
c;rcc.tcr th::m the scmidiurnal. L.t Station D. hOrlcver, thc
scmidiurna1 is more frcC].uently thc greo.ter. It eo.n bc shorm

tImt the ratio bctvraen the short Q.l1.d the long axcs is gcne-

'. ro.lly rather small, thus giving "flett" cllipscs. Thc o1'icn
to.tion of the long axes is, for 0.11 stations, eonscntrated
around 180 0

• Tho tidal eurrcnt rrill thcrcfore givc eontri

bution ffiainly in thc cast/rrest c.1ireetion. At Stations 1l. und

B t11.e eurrcmt i8 found to rotatc both rrays wi t11. no dominu
ting direetion. On Stations C and D, hovrovcr, the eurrent
i8 most frcC].uontly rotating eloekrriso.

Tho prcoent ::malysis ohould bo rogo.rded 0.0 prclir.J.inary
results \711ieh has becn made in order to indieato tho mc.gni

tude an.cl thc maiE eha1'aetc1'istie 0 01' thc tic1et1 e011tribution.
J. Dorc sophi 3tieatod Q.l1alysi s \"rill bo performoel 0. t '."Tooels
Holo OecQ.llogro.phie Institution, comprioing pOrTcr Gpcet1'um

Q.llcl harmonie analY3is vvi t11 respcet to the ticlal eOllsti
tucneos .
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GEOSTROPHIC CURREHT

The meridional geostrophie eurrent aeross the seetion

is illuotratocl by Fi[,urco 19-23. 1'he referenee level io tüe
presoure surfaee o.t 1000 m depth, exeept o.t the eaotern end

01' the seetion approaehing the eontinental shelf, where it
is the preosure ourfaee at 600 m depth.

Figures 19 o.nd 20 show the mean eonditions o.nd it
is elear that there are three major zones 01' north-going
flo~ and one minor zone, whilst there are foul' zones of

oouth-goinc; flori 0 The mean speed 01' the' north-going flow

is maximal in the middle 01' the section, betrreell Stations
. / -19 and 10, where lt reaehes 15 em sec near the ourfaee.

/
-1.It reaehes 11 em sec ln a zone at the eastern end of the

seetion, betwcen Stations 1 and 3, and 8 em/see -1 towards
the western end, between Stations 14 and 15. The mean speeds

of the south-going flow are mueh less o.nd are maximal at

7 em/see -1 at thc ~estern end 01' the seetion, between

Stations 19 anu 20 and in a zone towards the eastern end,

between Sta.tions 6 and 7. The otreakiness of the geostrophie

flovi reflecto tüc vmviness of the isotherms o.nu ioohalines

in the raea...l1. temperature and on.lillity diotributions gi7en

in FißUrco 3 and 4.
The ehanges in the geostrophic eurrent ,ü th time are

shorm in Figures 21-23 and the outstanding feature of these
three figures io the permanenee of the alternating ba.nds
01' north ancl south-going eurrent. Further, it effil bo oeen

that tlle instanto.neous florl effil reaeh speeds whieh are
tvviee those of the mean 1'101'1 • At the surfaee there are
three elearly defined bands of permanent north-going flovr

v{bieh do not chance their positions greatly during thc
entire period 01' the survey.
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at the eastern end of the seetion between 40

and 6oE; varying in width between 20 and 40
n.miles; speeds up to 30 ern/sec -1 and more

in the eentre of the section betlyeen 1 0 and
30 30 1 E; varying in width betwecn 10 and 40
n.miles; speeds up to 30 ern/sec -1 and more

torrards thc nestern· end of the section be
trreen 10W and 20 E; varying in width betrreen

/
-120 and 60 n.miles; speeds up to 20 cm sec

and,more.

Between these are similar permanent bands of south

going flow with similar widths and velocities. Thus, changes

/ -1 / -1from a 30 cm sec north-going flow to a 30 cm sec
south-going·flow can occur within a distance of 15 n.miles,
for cxample, between Stations 6 and 8 on 14 April.

There are also bands of flow which are less permanent
features. For instance, after 27 April an extra band of

south-going floVI and an extra band of north-going flow
appear at the eastern end of the section. Similarly, extra

bands appear in the middle of the section at the beginning

of April.
At 200 m depth the pattern of flow is somewhat less

complex, but the main features are similar to those found

at the surfacc. The speeds are ...less than those at the sur
face. Only that part of the section vlhich is in the vicini ty
of Station D is included in the 350 m diagram (Fig. 23), but

it repeats thc features of the 200 m diagram and shoWs a
further reduction in speed with increasing depth.
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GEOSTROPHIC MASS TRANSPORT

The distribution of the potential energy anomaly

along the section (Fofonoff 1962) against time for the
pertod of the survey is given in Fi~lre 24a. The spacing

of the isopleths allows the magnitude of the north-going
and south-going mass transport to 1e seen at any point at
any time. This transport is that between the surface and
1000 m depth, except at the eastern end of the section where

it is that between the surface and 600 m depth. The alter
nating bands of north and south-going flow seen in the
geostrophic current analysis are, of course, readily apparent.
The heaviest mass transport to the north occurs close to

the continental shelf between 50 and 60 E and in the middle

of the section between 20 30' and 30 30'E. The latter floIT
is flwlired on its eastern side by the heaviest south~going

transport. The mean mass tranoport of Atlantic water, (de
fined as water with a salinity greater thml 35 ~), be-
tw"een successive pairs of stations along the section for

the period of the survey is shovm in Figure 24b. It has
the SQme features as the geostrophic current pattern and
the mass transport. The menn total transport 01 Atlnritic
water amounts to 1.55 x 106 tonnes/sec -1 northwardo,
whereas the mean total mass transport ao defined above
amounts to 1.08 x 106 tonnes/Gee -1 northwards. Thus there

io a mean total transport southwards of 0.47 x 106tonnes/
sec -1 below the Atlmltic water.
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DISCUSSION

The geostrophie eurrents shorm in Figures 19-23 ean
be eompared pith the observed currents shown in Figures 14
18a. . Figure 22 indiea-ces elearly that the geostrophie

current in the vicinity of Station A changes direction in
the sane way as the observed current at 200 m depth at

Station A given in Figure 14. The observed eurrent is pre

dominantly north-going as is the geostrophic flol7. There
are two periods pith a south-going eomponent in the ob
served floVl, 15-20 April and 12-16 r.1ny, llnd these are the
only tViO periods of south-going geostrophie floVl.

Comp~rison of Figures 15 and 22 shops that at Station
B a north-going eomponent at 200 m depth changes to a south
going onc'on 6 April in both the observed and geostrophie
floiVG but, vlhereas the obGervedeurrent reverSCG again on

8 April and stays pith a north-going componcnt until 12
April; thc geostrophic floIT remains south-going until 29

April, apart from a short period of rcvcrsal on 15-20 April.
The observed floIT is south-going from 12 April until 24
April ,"Then the üorth-going' eomponcnt reappea.rs and remains

uninterrupted until 17 May; on the other hand, the [;eo
strophie flo,v seems to remalil north-going after 29 April
apart from a short period betvv'8en 6 and 10 I.by. These dis

agreements betpeen the observed a~d geostrophic floITS are
very probably due to nothing more than the vmy in whieh thc
isopleths were dravm in Figure 22; the analyst pho prepared

this figure was not allowed to see Figure 15. It is easy to
adjust the isopleths to bring the direetion of geostrophie
flmv into agreement vii th that of the observcd.

Figure 16 shows that the observed eurrent at 200 m
dopth at Station C was north-going from 5 to 22 April,

exeept during 8 and 9 April. This is in agreement with

Figure 22.



22

Horrever, Figure 17 shows the observed eurrent at

350 m at Station D had a north-going eomponent over all
the period 6 April-18 May, whilst Figure 23 shows the geo
strophie flop to have been largely south-going. Part of

this disagreemont eould again be due to the way in whieh
Figure 23 is drawn, but not all of it, an is shovm by the
fact that a south-going geostrophie flow oeeurs in the

menn distributions between StatiOllO 12 and 13, \7hieh
straddle Station D (Figs. 19 and 20).

FromFigure 18a it is possible to obtain the mean

speed of the north-going eomponent over the whole period
during whieh a eurrent meter was working and to eompare
this with the mean speed of the geostrophie flow given in
Figure 19. Such a eomparison gives the following results:-

menn Speed

Station Observed U-going
eomponent (ern/sec -1)

A (200 m) 13

B (200 m) 0

D (350 m) 18

Hean Speed
Geostrophie N-going

eomponent (ern/sec -1)

8

o
-1

•

•

Station C eannot be eonsidered in this way beeause the
eurrent meter did not funetion for the whole period of
the Durvey. This eomparison brings out the striking dis

agreement between the observed and geostrophie flow at
Station D. The method is not eompletely valid, however,
beeause the eurrent meter were working eontinuously phereas

the geostrophie menn values are based on 17 diserete ob
servations. A better method might be to eomparc thc eurront

meter observationo at the aetua1 times of the 17 erossings,
as given in Figures 14-17 pith the geostrophic va1ues ob
tained then. Hopever, it proves diffieult to deeide whieh
is the eorreet speed of the geostrophie eurrent beeause
of the way in whieh Figures 22 ffild 23 have to be dra\vu. In

the first plaee, these figures are based on the va1ues of
the mean geostrophie eurrent over successive 10 n. miles.
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intervals and these are plotted at the midpoints of sue
eessive pairs of stations, so that a eertain amount of
smoothing is introdueod. In the seeond plaee, the drawing
of tho isop1eths depcnds on thc judgcmont of tho ana1yst.
Thus, the values of the speed of the geostrophie eurrent
derived from Figures 22 and 23 are not eomp1etely rcliable,

partieularly in areas where steep gradients oeeur. Station
A io in such an area, Qnd in addition suffers from the dis
advantage that it is eloce to the point where thc referenee
level ehanges. Thc diffieulty of drawing isopletns in thc

region of Station B has alrcady been mentioned. If wc con
sidcr Stations C ~~d TI where thc diffieulties are less,
thcn wc find that at Station C, at 200 m dcpth for the six

erossings whieh werc made before the current meterstopped
funetioning, thc mcan differenee betwccn the observcd north
going eompon6nt and the geostrophic eurrent, amounts to
11 ern/sec -1, with the observed values the highor (south

going eomponents being regarded as negative). The maximal

differenee was found on erossing No. 5 whon the observed
valuo was 49 ern/sec -1 and the geostrophie 20 ern/sec -1.

At Station TI, at 350 m depth for the 16 erossings that
wore made before the eurrent meter was reeovered, the mean
differenee is 16 ern/sec -1 with the observed values the

highcr: the greatest difforenee was on eroscing No. 8 when
the observcd value was 34 ern/sec -1 and the goostrophie
-4 em/soe -1. It is of interest to note that at both sta

tions thero is a tondeney for the hiGhost differoncc to
oeeur during the two periods of low temporature roeorded

by tho two motors und sholm in Figure 7.
During crossings Nos. 2 and 4;R.V. "Ernest Holt"

usod GEK: thc north~going eurront eomponont 00 obtaincd

is shovm in Figuro 21. A multiplior of34.5 to eonvort
millivolts to em/ sec -1 nas usod follov:ing tho vlOrk of

Vaux (1965) at Andenes. Ho agreement can be seen between

this component and the geostrophie eurrent. In fact, if



&

•

•

••

24

the sign of the GEK record was reversed it would agree
much better. This lack of agreement between the GEK signal
and the geostrophic current is surprising in viow of the
good agreement found by Lee (1962) at 740 25 ' N latitude in
tho continuation of the current which we are examining
hore .
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VERTICAL OSCILLATIOHS

It hao bcen mentioned above that the depth of thc iso
linos vary grcatly with respect to space and time. Thc short
periodic variations are presumably eliminated by tlle process
of 25 hours rUillling mernl, a process vUlich rcduces the ampli

tudes of tllG 10nG periodic variations as weIl. In a oimilar
way the prOCGSS of averagiub raduces thc vortical variationo
of the ioolines in thc me~l occtiono. Provided the oocil-'
lations are due to progreosive ~aves or travelling whirlo,
the effect \üll vrn1ioh in the menn oectiono due to the Game
process of averaging.

Standard deviation for the depth of the isotherms has
thercforo been determincd in order to indicate the relative
magnitudo of the vertical dioplacemento or amplitudes
(Fig. 6). Average tempcrature has been detcrmincd by apply

ing the method of 25 hours runninG mcnn on the tcmperature
recordings from thc' current meters (Fig. 7). A more compa
rable parameter is thc standard deviation of the temperature

devidcd by the vcrtical tcmperature gradient.

It may thuo oe shovm that the'maximum amplitudeo are
normally loeated at 200-300 m depth, v1hieh eorresponds rri th

the middlc c1epth of thc Atlantie rrater. Further dO\~l the
vertical.displacemcnt seems to c1ecrease towarc1s bottom .

Fieure G inc1ieatos that the magnitude of the amplitudes
inereaseo eastnarc10 tovl3.rds the coaot ~ This feature is

eonfirmed by the registrations on the buoy stationo.
The investigations eleal t ':li th eompriees only obser

vations taken along a vertieal seetion, and it is thercfore
impoosibla to tell Qllything about propagatioll speed or di
rection. lJaithar is it possible to sto.te whether the oscil
lations ara duc to internal waves or rrhirls. Swlen (1959)
coneludes that rrhirls are the most probable explanation.

Internal Vlaves whieh havc been refleeted from thc eoast may
0.100 causa similar eonfigurations.
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Observations on short periodie variations TIith respeet
to time were earried out at position 11 in the vieinity of
buoy Station C. Hydrographie stations were twcen at hour1y

interva1 s; from IIIay 20 at 1500 hours to May 21 at 1800 hours,
thus eovering a poriod of 27 hours.

The isotherms are plotted versus time in Figura 26;
indieating osei11ations where the periods are about 6
hours. The graatest amplitudes appear at 200 m ru1d at 700 m

depths. This is in agreement nith fact that the greatest
standard deviation for the dopth of the isotherms is gone

rally found at 200 m depth. The layer betTIeen 200 aDd 700 m

seems subjoeted to on1y vory smal1 vortiea1 osei11ations.
Periods of 6 hours are freguent1y found in the

.._ Horwegian Saa. (Helland-Hansen and TJausen 1909) .
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FINAL REJl.liJRKS

In the preceding chapters of this report we have

shm"rn hor'1 our knovrledge of the physical ocennography of
the Horvlegian SeG. has been extended by the 1967 study of
va.riability. It is clear that thereare various problems
which require further investigation. For example, we need

-Co see \7hether the pattern of 0.1 terno.ting bands' of north
and south-going flows is repeated at other seasons and at
the same season in other years; to investigate the mechanisms

responsible for this pattern and the effect of various
weather systems upon it and upon the teTIperature and sali-

~_ nity distributions; and to study the reasons for the dif
ference betvlGen the observed flOH and the geostrophic in
tne middle of the section. The further analysis of the
data collected will wi thout doubt yield even more lrno\71edge

and further problems, and in this connexion He thilU~ that
the power spectrum and harmonic analysio might yield in
forma.tion about the tidal and inertial currents and that
detailed statistical analysis might throH more light on
the correlations Detween the fluctuations in various para
meters.

However, it is already clear from the analysis so
far that further experiments in the Norwegian Sea in the

region of the 66 0 N parallel would be a fruitful line of
research. We feel that such investigations should be three

dimensional so as to tw~e into account the variability in
the north-south direction as vrell as the east-west, and
that the period of observation should be longer than 2
months. There is an obvious need for more buoy stations

than were used in 1967, and the number of depths sampled
by recording instruments G.t each station should be in

creased. Such a programme would not call for a large

number of research ships: one or two in the area at the
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same time ovor tho whole period of the survey would be suf

ficient. These vessols should keep the buoy stations under
surveillance and should make temperature and salinity ob
servations, preferably with temperature-salinity-depth

recording systems, and studios of thc weather development

in conjunction ITith the IToather ship at Ocean Wenther Sta
tion METRO. There is probably n need to study the Lag·
grangian form of the motion as weIl as the Eulerian. This

could be done by using neutrally-buoyant (Swallow) floats.
Such a proGrnmriJ.e vlould need to be organized on an inter
nntionnl basis, but \ve think that its execution would not

call for more than three pnrticipating countries from
Europe. Vle hope that the International Council for the

:q,_ Exploration of the Sea will give this proposal duc con

sideration at its 1968 meeting.
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TABLE I

Hydrographie Scetions.

Ho. ShiE Dates

1 "Ernest Holt" 4-7 April
2 II If 7-9 April
3 If If 9-11 April
4 If If 12-14 April
5 "Helland-Hansen lf 17-19 April
6 II II 19-22 April
7 1I If 22-24 April
8 IfErnest Holt lf 29 April-2 Il.lay
9 " If 2-4 May

10 If If 4-5 May... -
11 If " 5-7 Iday
12 "Hel1and-Hansen" 10-11 May
13 " 11 11-12 I:Iay
14 " " 13..14 II'Iay
15 11 " 14-15 ~.Iay

16 II " 16-17 May
17 1I If 17-18 Iday

•
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"Polarfront I" "Polarfront 11"

Date Station Station Date Station Station
Humber T;zpe Number T;ZpG

1/4 1033 1 3/4 249 2
18/4 1034 2 4/4 250 3
19/4 1035 3 6/4 251 1

22/4 1036 1 7/4 252 3
24/4 1038 2 8/4 253 3
27/4 1039 3 10/4 25~- 2.- 6 stations 11/4 255 3Total

l2/4 256 3

Observation depths (meters) 13/4 257 1
s • 14/4 258 3

Station Station Station 2/5 259 3Type 1 T;zpe 2 Type 3
3/5 260 1

0 0 0
5/5 261 3

10 10 50 6/5 262 3
25 25 150 8/5 263 2
50 50 300 9/5 264 3
75 75 400 10/5 265 3

100 100 600 11/5 266 1•• 150 150 1000 17/5 267 3
200 13/5 268 3
300 16/5 269 3
400 18/5 270 1
500
600 Total 22 stations

800
1000
1200

1500
1800
Bottom
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Fig. 26: Position 11. (Near buoystation C) depth of iso

therms.


