
~ Not to be quoted ,vithout ref'erenee to tho anthors.

INTERNATIONAL COUNCIL FOR THE

EXPLORATION Oli' THE SEA

CH 1980/C:30

H)rdrography Conul1i tteo

~ng period variability of' eurronts in the 110ekall Trouß'h

WoJ. Gould and A.N. Cutler

Institute of' Oeeo.norrro.phic Scieneos

Wormley~ Surrey, U.K.

Abstract ,
"

IJoDg term measuremonts of' eurrents in the N. Roekal1 Trough
have revca1ed a seasonn1 variation in eur:ront oseillations
penetrating to depths of' at least 1500 ID. The dominant time
sca1e in these oscil1ations is 15 days. The inerease in energy
is assoeiatcel ,vith the breakdo\\'11 in stratif'ication due to 'dnter
eooling anel mixing. Isothcrmnl lnycrs havc beeu observed to
penctrate to greatcr than 600 m but not to the greatest deptlw
at which the seasona1 sirrual is observed o

Resurne

Les mesures de courall.ts de 10ngue dur6e dans le basin de
N. Roekall ont reve1e' une variation saisonnaire dans les oseil1ations
de eourant qui penetrent a une prof'ondeur an moins de 1500 rJ.. La
periode dominante de ces oscillo.tions est 15 jours. L'auc;mentation
d'enerG'ie est assoei6avec 10. destruetion du stratif'ication par
le melaneomont et ref'roidissement .en hiver. Les ·eouehes isothermn,les
ont ot~ observes o.u profondeur de plus de 600 m mais pas dans 1es
grandes profondeurs auquel 1e signal saisonnier 0. ete observt.

• Introduetion

The Hockall trough is 0. semi-enc10sed basin ''lith ,.,;ra tel.' depths
beh.reen 1000 and 2000 m lyine betw'een Roekall Bank and the eontinental
slope ,.,;rest of' Seotlalld. Sinee the summer of' 1978 thc Institute of'
Oeeanographie Scienees has been f'undod by the U.1L Department of'
Energy to co.rry out aseries of current measurClllents at sites in
the N. Roeka11 Trough. The positions of' the eurrent meter moorings
anel the loeal topocraphie features are shO'\.,;rn in FiC;. 1. Of' the
foul.' sites (I1, 2, 3A and 4) at presont oceupied the most nearly
eontinuous reeords are from I1~ (nominal positj.on 58° 50 t N 11 0 40 1 1/)
in 'vater 01' 1800 m dcpth. This site is also the one :farthest f'rom
and hence prcsuniably least influenced by the surroundillg banks
and eontinental marG'inu.

'111e individual eurrent meter reeords have been calibrated,
edited and used to produce a eombincd file sampled at 0. uni:form 1 11r
intorval. A filtered version of this :file :from \"hich ellergy at

. periods shortcr thnn 2 duys has been romoved has beeu pr6dueed •
. Data gaps in the :filtered time series have been fil1ed by linear
interpolation. The eurrent moters used throuahout this exercise
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are o:f the Aanderaa type and meaSUl'e temperatures at eaeh level
and pressures at the uppermost eurrent meter. Standard depths
o:f observation ' ....ere 200, 600, 1000 and 1500 111. All moorinas
' ....ere 01' subsurf'ace desian with the buoyaney at 150m, 'tvoll belm....
the depth O:f inf'luenee 01' surf'aee '\lTave aetivity.

A typical pro:file 01' temperature, saJ.inity and density f'rom
near Ih is shm....n in f'ig. 2. The data are f'rom thesummer of' 1978.
Below the sensonal thermoeline is a homogeneous layer eharaeterised
by temperatures in the range 8 to 9°C and salinities f'rom 35.20 tOt
35.26%0. Belo't.... 1000 m the stratif'ieation ac-ain inereases until a
more homoaeneous doep water mass is approaehed below 1400 m
(temporatures }, to 5°C and salinities sliahtly bolmIT 35.0%0.

The eurrent time series

The time serios of' filtered east and north velocity components
at the four standard levels on moorinc- I4 ure shown in fiß. 3.
The 10nß data aap at the 600 In level is un1'ortunato but doos not
soriously· a:f:foct the eonehwions reaehed in this doeument. The
times are given in days elapsed sineo OOOOZ 1 January 1978 and the •
positions 01' July 1st 1978, January 1st 1979 and July 1st 1979 are
marked. The maximum veJ.oeities are 80 and - 80 ern/sec. At the
200 In level there is a clear di:f1'erence bet'\Veen the nature o:f both
tho east and north volocity compononts bebITeen January and July
and :for tho remaindor o:f the roeord. Larae eurrent oxtremes are
seen and there are strong oseillations '\Vith periods of 20 days 01'
so. The reeords at the tuo deepest levels also seem to exhibit
this enhaneed variability :for the January to July period.

In order to quallti:fY the ehallges in kinetie energy the spectra
o:f currents have been computcd for overlapping 60 day-lonrr record
seaments at all levels· and the mean enerc-y in the 1~requeney band
:from 3 to 30 days period has been ealeulated. The results of t110
eomputation are shO'tvn in :fiC-. lt.·

'1'he kinetie enerrry is seen to inerease durinrr the late 't....inter/
early spring nt all thrce levels 'tlTith complcte coverarre. The most
rapid increase in energy occurs during January at 200 m and during .~

February at 1000 and 1500 In. The eorresponding drop in encrrry is •
in June at 200 m but at tho doeper levels it is' loss 'tvell marked and
is sproad over tho period :frOIn April to June.

In an attempt to de:fine the evolution o:f the :fluetuations as
a :funetion o:f time the spoetral estimates havo been plottod on a
:frequeney/time plane in 1'irr. 5. Spectral peaks a-t 200 m oeeur at
periods 01' 7, 15 and 30 days but the 15 day enor{;Y is dominant and
renehes a maximum in February. Thero is a hint at this level 01'
a cascadeo:f ellerc-y tmvar(Is lO'tvcr 1'requencies as time progresses.
The· 1000 In re cords shO'tv 0. siani:tieant peak only at 15 days durine'
Februnry. At 1500 m the ener{;Y in t110 15-20 day band appcars to
persist 1'01" nmeh 01' the year.

....
.t

DisCllssions

Tbe inereased enerlnr at all levels oceurs durine- the 'tvinter
months but nlso pertiiots into the late sprinG' and early summer.
It does not thon coineide exactly '\vit11 tho stormy winter period.



e·

---- - ---------------

- 3 -

The combination 01' ''lind mixina and heat 10:3s to the atmosphere
produces very deep mixed Inyers in the upper part oi' the water
COlUTIlll in thc Hockall trouah. The atlas 01' Robinson, nauer and
Scllroeder (as yet unpublished) ShO"l5 a. men.n depth oi' the conyective
layer in the Rockall trough in J.Iarch in excess 01' 900 m. '1'he
devel.opment of' this convective layer can be i'ollO'ved by the study
oi' the temperatures recorded by the currcnt meters. The loss 01'
,.;inter data at 600 m is particularly rearettable in this matter
but at the nearby I3A moorina there are continuous temperature
records throuah the 'vinter period i'rom the t,vo shallow level.s.
These records sl1o,v hOID1:seneous 'vater from the suri'ace to at least
600 m i'rom late January to mid Narch. There ''las hO'vever ahvays a
:3ianii'icant temperature dii'f'erence bet"lCell 600 and 1000 In. Ii' ,ve
assume that there was a simil.ar mixed layer devel.opment at I4 then
the period 'vhen the mixed layer is at least 600 m deep eorresponds
to the time when the kinetic eneray at all levels is inereasinlj'
mid that thereai'ter there is a lj'ellOral. decrease in kinetic energy
as the stratification is re-established.

The exact nature and time scale oi' the breakdoW"n in stratifi
cation remain .to be investilj'atcd and for this purposc the meteorc~··

lOlj'ical information extracted from tbo daily ''leather reports may
be the only data source. It should be remembered that thc ,.;inter
1978/9 was marlced by anomalouslylow air temperatures over the U.K.
Tbe depth to , ...hich ,.;inter mixillB' penetrates may in :fact be aoverned
not solely by meteorological conditions but by the strenlj'th of' the
Nediterranean 'vater inf'l.uence on the 'vater column ataround 1000 m.
Anomalously high tempera tures at this level durinlj' the ,.;inter months
eould aid the penetration oi' the mixed layer to deeper levels.

_ Rei'erence to i'ilj'. 3 illustrates that the' motions are in
lj'eneral in phase in the upper 1000 m (there is a visual similarity
bet'tolCen the records at the three upper levels) and this is borne
out by the correlation matrices for the velocity components (Table 1)
The 1500 m level. is larlj'oly uncorrclated ,,,ith the motions at hi[;hcr
levels (correlation. coci'i'icients : <0.3) • The temperatures at this
level are hO'...ever more highly correlated to upper ocean temperatures
(correlative coei'ficients ~ 0.45).

These results sUlj'lj'est that the motions 'vhich domillate the
records are not ivholly barotropic (correlations 'vould bo hj.gh
throuahout tho 'vater column) nor 'vholly baroclinic (corrclations
'vould chanlj'e silj'n betlvocn thc uppcr and lo'ver points oi' the ''''0. ter
column. A.modal decomposition. oi' the data and the computation of'
cross spectra bet'veen the time series at various levels have not
yet been performcd.

The dominant periodicity in the enorlj'etic periods oi' record
(r.J 15 days) is llluch longer than the sYnoptic periodicity of the
meteorololj'ical f'orcinlj' (IV 3-5 days) and is thus likely to be I

determined by the dimeniJions, strn.ti:fication and bottom topolj'raphy
oi' the N. Rockall basin.

Doth the minimum period i'or barotropic Rossby ,vaves (N 12 days)
and the period oi' the internal seiche mode of' the N. Rocleall trouch,
assuminlj' a diameter of' the order oi' 200 lall (rV 20 days) are 01' tlw
same order a:3 tho observed oscillations. For both oi' theso types
oi' motion tho horizontal \laVelelleth would be larlj'e (of the order of',
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or ereatcr than thc basin diameter) and tJ1l1S 0110 ,<!Ould oxpcct
high co:cl'elations bct"'CCll dif'f'crcnt sites aroulld tho basin. '1'11is
is not i'ound (D.J. 1'lebb Pers. COllllll). ,!'hus thcra remains n
problem of interpretation of' the cause 0.1' thc dominant oscillatory
motiolls.

," '1'ADLE 1

'1'200 T600 T1000 T1.500 •'1'200 1 .0 0.91 0.11 2 O.hS

T600 0.91 1.00 0.49 0.61

'J~1 000 0.h2 0.119 1 .00 0.4.5

'1'1500 0.115 0.61 0.45 1.00

1~/N200 E/N600 E/N1000 E/N1500

1.°/1.0 0.911/0.97 0.61/0 • 72 0.22/0 ')fE/N 200 • '~'l

•E/N 600 0.9h/O• 97 1.0/1 • 0 0.68/0 • 72 0. 3%.27

B/N 1000 0.61/0 • 72 0.68/0 • 72 1.0/1 . 0 0.15/0 • 08

}~/N 1500 ° ')') 0. 3%.27 0.15/0 • 08 1.0/1 . 0'~""/O ?/• ·_·1



Fig. 1 Bathymotry 01' N. Rockall Trough
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Fig. 2 SUrrL.l1cr hydrographie data near I4
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