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In this papor an attG~pt is Dado to doscribo in sUDDary farn sono

inportant hydroGr~phic chanoos inducod in tho oastern Atlantic 0.1'00. by 0.

rccurront atnosphcric circulation p~ttorn. A progr08s roport on part of

tho ~ork doseribodheTe TIas prosontod nt thc.SCOR Syrlposiur.1 on Variability

in tho Oconns, Rono 1966, (Dickson ~nd Loo 1968) nnd 0. fuH account is nt. .
prosont in propar~tion for publication.

li.G ]?['.,rt of ,\ rOS8Ll.rc!1 l)roGrnr.r.~o rolc.tinc long-tcrLl chnn8cD in hJrclro-

gr~rhic conditions to long-toro chanGos in both atnosphcric circulation

and nnrino faLillal distribution, a sinplo annlysis of salinity data uns

carriod out for all possiblo sca arons aroQ~d tho Dritish Islos •

.In ntteopting to dolinit tho Lilldorlying procossos rosponsiblo fOT

hydroGraphie eh~go, salinity Das choson for analysis rathol' than tOD-.. '

peratLITO sineo not only io salinity less subjQct to loeal nodifiention by

oxtornc..l :llrocossos than is tc!".lpcraturo (eoo, for oxanplo, EontgoDory, 1955)
ana. is thoroforo 0. Dore consorvativo property .of ,0. given rJatorDass, but

dso, an pointod out by Diotrich (in Laovantu 1963), 0, Duch largor aroa

of our sllolf SOas tonds to bo hODohalino 0.11 yenr rOllnd th.:1n honothernal,

so that surfaco ontinatos of snlinity are coro consintently ropresentativo

of conditions in tho vlholo vmtor colur.m than are siniln!' ostinates of

toopcraturo.

In analysinc tho 6ü-ycar snlinity record (1905-65) for theso shelf

seo.s, i t _ms founcl that during this century thoy Imvo e:x:periencod a

strikinc; and fairly rOGular (but not cyclic) altern2.tion bctucon poriods

.of Iml <;1nd l'oriods of high 8nlinity, thoso salinity flnctuntions boip.g

rouGhly contcnporanoous cvcnts in <:'.11 arCas cf thoso sca.G. FiGuro 1,

for oxanplo, illustra.tes tho oSGontinl sinilnrity of tho inte~7nr snlinity

anonnly curvos for 4 Grcups of sen arons in tho Bnglish Channol .:1hd southcrn

lTorth Sen, nnd tho sono nicht bo shO\7h to be truo for all nroas of tho oholf
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aGas during al.l _110riodn .for 'lhich "110, .1w.vo data ... Thoquostion aroso as to

tho caUGO of those intcr-annual salinity fluctuD.tions.

S00sonal ch~go in tho lovol of ~ctual salinity in Eurppcan TIators

(ao illustratod by tho soason~l ndvanco and rotroat of tho 35 0/00

isohalino) is knoTIn to bo larGoly a rasult of n soasonalvariation in tho

strongth of Atlantic \"l~tor inflm7 to thoso soas. Thorotoro', sinco our

60-yoar salinity analysis s!lo\70d cach high salinity pcriod to bo tho end

point of D. continuous rise in tho anormlios of s<l.linity ovor aperiod of

as long as four years, irrospoctivo of soason, it TIao inocdiatoly suspocted

that tho causo TIas D. gradual ovolution in the <l.noDalies of ~tlantic TIater

inflo\"l otrongth ovor the DaDO po·ried. Indood various factors appeared to

confirD that thene snlinity fluctuations hnd an "Atlantic" origin, notably

tho fact that tho actu<l.l sizo of the snlinity anosnlies encoLUltorod, and

thoir ph<l.sO laG, increased TIith incronsing distanco fron the opon Atlcntic.

Unfortunatoly \JO havo only a linitod CIJount of diroct evidonco for

this thoory~ Tho volurJo-transport data ef Tait (1957) for tho Faroo~

Shetland Channol aro too linited to enablo llG to distinguish such short

tCrn chnPGos, 2.!ld vlhilo tho dnta for tho Varnelightvessol (Carruthors

1935', 1939, Carruthors', Lm7ford n.nd Voloy, 1949) cort<l.inly support tho
, .

thoory, the tiDO span involved is an unconfcrtably, short ono. Thorofore

Ginco ntDosj)~~eric procosGOS are tho only reasonablo ,!Joans 1;ly uhich eur

proposed nccoleration 0f Atlantic infloTI could be effectod, an nttenpt

\7aS Dade to find out Ylllcthor atuospheric conditions durine; these l1criods

of risingsalinity anoDaly \loro capabIo of producing such an <l.cceloration.

It is cloar that if tho atnosphero is to be held rcsponsible for <l.h <l.ccol

oration of inflol. lasting for poriods of n..foTI yoarn, two connüctod

at~ospheric procossos Dust bo in oporation, .tho first rosponsiblo for

initiatirt[; tho cccoloration o..nd the sacond res11onsiblo for r:;aintaining

tho accolorntion ovor a pariod of yonrs.

lTa:.lins (1965) has eutlincd the nnorlalous at:::csphoric l'rocosses nhich

woro responsible for causing an incronsed ndvoction of warn vlnternorthTIards

along the \testern Europoan soaboard in the ))oriod fron lato 1958 to 1960.

Sinco this ))criod of narninG nlso corresponds to one of our poriods of

continuously risinG nc.linity nnoD<l.ly, it is thcuGht that lIonias hc.s dcscribed

an actual case of c.t~osI?horically-inelucedinflo'.7 8.ccoleration.

lTanias clescribos tllis anoDalous tJarr2 un.ter ndvection as an Elmnn drift
' ..: "

effect, owing its initiation to the estc.blisru~ent of a larGO lOTI pressure

<l.nonaly coll ovor thc "Hcntern Atl<l.ntic anel "n eQ.ually largo pressure

anotmly ridGe ovar northuont Duropo (Figure 2) TIhose conbincd .effect uas
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the generation af a southcrly nnoD~ly uind ovor tho oastorn Atlantic.

OCGM/ntnosphoro feedback cffects which boc2I.le noro 3.nd Dare inportn.nt

as the distribution of sea sl~facc to~poraturo boeano Darc and Daro

abnart:.al, .Horo rosponsiblo far mdntaining and intonsifying this initi3.l

prossuro p2.ttcrn, rrith tho rosult tImt tho vmrD i7ator adveetion also tonded

to porsist and intenoify.

An attoDpt rms thon nacle to find out rJhothor atnosphoric conditions

si!:1ilar to thoso outlined by UaDins Hero in opor0.tion during other periods
, ,

of·rising salinity anonaly in our aholf seas. Charts af 500 ob. hoight

anonaly for tho northorn hODisphorO \·!Oro eonputod by tho IiotQoroloGieal

Offico, Brae~~~oll, for oaeh 6~Denth period betwoon 1949 and 1964. In only
., . '\ .

oight 6-Donth l)oriods out of 32 ,mo tho diolJOsiti en of 500 r.:b. thieknoss

eondueivo to ineroasing t110 southorly anonaly-uind e0r11)Onont ovor tho

c~storn Atlantic, and in only 4 easos uas this pattern strongly dovolopod •

Tho datos aro hO\lOvor of Graat aitsnifieMeo.' In tho post-1948 poriod tho

,ol',.linity .of ,OtU' shcl,f. seQ.s ronG, to tlC'.Xir.1llr:.. valuos on only four ocer'..sions,

1949-50, 1953-carly 1954, luta 1958-0nrly 1960, and 1963. In othor vlords

thooo Y9arn roprosont tho ond parts of our pootul2.tcd Aeeoloratod InfloYl

reriods, a.nd.. in. eaeh easo thooo nalinity naxiDU y:cro aeecDpa.nicd by tho

ostablisloont of a ''lTa::1ias-typo ll eireul2.tion ovor tho lTorth 1I.tlantic, this

cireul~tion pattorll boing TIoa~ly dcvolopod in 1949-50 but otrongly dovelcped

in tho ro=aining tl~oo periodo oontioncd above, (Figurcs 3-7)~

In vim7 of tho possibility that prcscllre-anonaly eolls at soa lovol

nuy bo loncitudinally displaeed fron thc eorrosponding eontros of rrossuro

(or. "t!üeknocs") ano:"l~ly at 500 nb. levol an inclirect chock Vlas Dado en

tho positional ngro~Dont of tho eolln nt the t,10 levols usinC vc..rious ..

notoorological indices. In oach eo.so. (Figure 8) the "peaking'! of salinity

ano:::13.1ios in Dur soas nas c..cconraniod, or Dore strietly sliC~'~tly proeodcd,

by thn incroasod antieyclonicity (doeronsed cyelonicity) ovar north\lest

Eurcpo and by tho inere1'-sod southorly eirelllc..tion ovor t110 eastern J\tlantic

TIhieh is char1'-ctoriotie of tho eirelllntion pc..ttern doseribed by HnLlias.

Fol.l!' inhel'ont aspoets of this o.nonc..lolls eirclllr>.tion could havo brought

about tho ,obsorycd progrossivo incroaso in the calinity of our soas. Of

thooo,. t,70 ,(roclnecd proeipitation Md ineroasod ovaporation) '\'lore capo.blc

. of .0ffoetinG· an in~ ineroaso in salinity by rcdueing tho froshwator

aeeession to tho sholf sens. Tho othor t\10 aFL'oared eapablo of. brinsing

about ap ~dvoetivo ineroaso in snlinity by incroasing the inward flttX of

salt to our scas~
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(i) The "Uoni[\,s-type" of atnosphcric circulation nay [',ctuelly

accolero.to th~ inflowin[; current of Atlantic we.tor such tho.t a grcator

quantity cf salt than norcal will be braucht in. Supportinc evidonco for

this is to bc found in Carruthors' Vnrno curront. nonsuro::Jcnts as l1el1 as

in tho fact that tho deop infle"'-l to the Dr.ltic cert2.:;:·~lJ· appoars to strengthon

nt theso tiDes (soo bolow):

(:::"i) Tho r.bnort1c.l southerlinoss cf the atnospherio circulntion during

theso periods nccins that a greater prODortion of tho infloTIin~ TIatoT is

Ll.erivod fron n Dore southerly' sourcc nren than noro<:1l. Thcreforc on this

acccunt <:11so tho uf."ard salt flux shculcl incroaso sinoo tho inf'J.owih[;st:-eao

will cr.rr;r unter with lligher snlinity tlmn nornal into our sons.

It is .thcUßht likely that the first tTIO procosses are of rolntivoly

Dinor iD~ortanco in raining tho salinity af our soas oonparod with the

salinity rino due to salt broucht in by.thQ inflowing Atlantic current.

(A oonclnsicn ,olJl!osed to tlm~ of Schott, 1966, who regards inter-anmml

~luctuaticns in.precipitation as tho najor C<:1l~80 of oalinity variation in,
cur sholf soas) •.

Tho =o~scns for this beliof are oloar fron Fi[;uros 1, 9 and 10. TIhen

on:) .corrolatos tho 20-~roE'..I' Denn intcrvrnr curvo. of salinity ano:1aly fOT tho

~on~orn Approachos Group of SO<:1 aroas (curv~ G1) with oinilar eurvos for

tllO Easto=n Ch:'..!1.,.'1.el (G2), Southorn Dicht (G3) and GorDan Dight (G4) Groups,

:l..t is :'ound t;}:J.t ~cho highost eorrolatien is ,übtainod b;)r intl'oclucing a tino

l~b of 2 qu~rtors botweün eurvos G1 cn~ G2, 3 quartors botwoon CLITVOS G1

2nd G3 a1:(1}· cl\Jnrtors b8t''JOon curvos G1 nnu. G4. (...\ll tho eorrolaticn.

cooffieiC'nts <:11'0 hi[;hly significQ.ht): This fnot - thnt tho 0ntiro 2o-year

curvo of salinity nnormly lags l)l'O[;rossivoly Ul:;-Chnnnol - cloarly in(:ientcs

tho dO::1innnt influoncc of tho nctvoetivo factors in brinßing about those

salb.ity flnetuntions, 0.1though i t is not yot elo~ v/hieh of tho tVl0,
mlvocti"JO fc.etorn is tho DO::'O iDportnnt.

Tho t",VO in EE_~ factor;) (docrom::'''lG pr<?cilüt<:1tion and inercasing

ov~poration) nc.y both however nssist in tho raising of salinity levels in

our soo,s, ospoeinlly durins tho onel point of oneh sn,1inification poriod

v/hon tho l!bloeking" GrossVlottorlat30 is r.lost strongly clovolopod.

It \~n.u nontionod oarlior th~t over 7.ho 60-yonr poriod for TIhich we

havo l1atn, tho pattorn of salinity-anorJ.<'.ly fluetnntions has boon ossontially

sir.1ilnr in all are<:1S of tho Europoan sholf soas \7hieh is to bo o:x:pec~cd in .

viow cf tho lnr30 goo[;raj?hieal senlo of tho proeOSROS rosponsiblo. lIowovor,

if wo eonfino our attention to tho EuropoM sholf soas <:11onc 110 arc to

SODO extont Uhelorostinc.tinc the inportaneo of tho nlTanias-t~TpCIl eireulation
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nnd tho ndvoctivo GtroRDS which it gonorntes, sinco thero is evidonco that

tho lonG-torn hydrograrhic vario.tions in two ~djoininG Gon aroo.s 0.1'0 lnrgoly

prouGht about by the snso procossos~

1. Tho Tr::>.nsition'Aror'., r'.,ndjJdtic

~ diroct correlation botuoen tho Denn sr'.,linity ancDr'.,ly curvo for soa

nror'.,s in tho lrish Sen Group o.nel tho nno::..w.lioG of snlinity for the

Lnppcbru,nd liGhtvossol (in tbo Sound botvlOon Zoalnnd and s,outh SVlOden) ,

nt 12.5-,15 n cloTlth, yiold.s 0. correlr'.,tion cC'officient of 0.3659 (soo also

Figuro 11)., ~his eorrelation applicd toiho, poriod betwoon tho seeond

quarter of 1939 o.ndtho·third qunrtcr of 1961. Sinee in this eo.so "nil ::: 84,
tho siGnificance cf tho eorrolnticn betuoen those tuo vory difforent nreas

is TIoll beyond tho 0.001 level. Further, sinco tho lrish Soa dntn can bo

shown to nirror 1\ydroGraphic conditions in thc sholf scas as a uholc, and

sinee ::mlinity fluetuations in tho sholf sons nro thcught to bo proc.1uecd

by soutllcrly-rJind-induced vnrio.ticns in oeennie inflov:, it is ho.rd to oseape

thc conelnsion that nccolcro.tion of Atlnntic-rldcr inflow to tho shelf sons

is acco::po.niod by nn nccoloration of inflou to thc KattcGat, Dclts nnd

Sound, this Inttcr cvcnt boins eallsccl bnnico.lly by tho S01'..10 r.nor..mlous

ntncsl:hcrie proecsscs t1mt Gnvc riseto thc fort10r. (lt is not sUßdostod

hC,lOvor th.:>.t this boostinr~ of tho botton-flor; to tho KnttoGnt is n noro

incrtial cA~onsion of aceolorntcd inflow to thc shclf SC3S. Tho special

,cireuDsto.ncos of thc Transition l.rca clo::lnnc.l that othor fo.etors bo considercd

in addition~ tho volur.10 of thc Dcütie c,oDponsation eurront for oXnL1plc

D~y ~oll ineroQso unnor tho conditions of rclntiv~ clroußht ~ttcndinti thc

cstablis~lont of, a persistent "blccking" a.nticyclono ovor Senndinr>..via).

hpnrt f!on thc e~sc of thc Transition troG' 0. fnirly ele~r concurronce

of Aceclcrntod lnflow Poriods and enjor Dnltie infloTIs Dny ~lso boshown

fron tho hy~lroGro.phie roeor(ls of tho DC'..ltie cloop bnsins thODSO1vcs.

(Fons9lins .1962, J966, 1967), nlthough in eontrast with cye~ts in tho sholf

sens nnd cvon the Trc.naition 1.roc., theso Dnltie infloYlG tend to tnko the

farn cf sl1clclen, short-livocl irrulitions nt tho tiDo of pcnk inflow to thc

Ncrth Son, nnd clc not build up Gradually to po~ strongth ovcr n poriod of

tiDe.

2. The Dnronts Son

As sho\"m in riGuro 12 thc eurvo cf intogrr>..ted 0-200 !:l tCDpcrnture

nnoDnly rrlone t110 Kola Iioidinn Goetion (7CY}'1T. '3'31J-72~~1T '3'3~) ahous Q.

stril::inG SiLlilc\rity to ~ho post-\'l[l.r Cl1rvo of anlinity nnor.:nly, for tho

Europenn shclf scas. ,Althouch cvonts in tho Dnrcntn Soo. hnvo not yot boen

cxo.:.üncd in Grontcr clctnil, i t is tho\1Ght likoly that tho scuthcrly c.no'"lnly

5
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nind running fror:.1 1ntitudes south of Dritain 2,Cr06S the lTorweginn Sea

to the 1\.rctic, .11üch tonds to bo chr:>.ro.ctol'ü::tic of the "lTanins-typc" ..

anonaly-circul~tion, isfully c2.pnble of ö~L~L~ uarne~ ccnditicns to the

B~rcnts Soa, both through ~dvoctivo prcccsses nnd by lossening tho loss, ". ..... . .,. ...... .. . . . . , .. -.... ~...

of sensiblo" anel 1c.tont hcc.t to thc ['.t!".lonphorc (Leo 1961).
In conclusion"it oust be nddod that tho above roprcsonts Deroly a

vory curtCl.iled SUD::l3.ry of tho r.min conclnsions resultins fron n thrce

yen.r reseCl.rchDroGrmzlo. Ifuch of tho evidcnco for"nnny of theconclusions

described here hns hc.d to bo or..littod for ronzons of spnce but will shortly

npponr in full in the Dulletins of IInrine jJcology. It is hopod hovTover

thn.t sone iden has boon given of tho hydro[;ra]!hic ioporto.nce cf tho

periodic grn.dunl changeovor frootho noroal '10stor1y ntnosphoric rogine "

to ono of cnreDe southorlinoss in tho onstorn At1nntic; this southerlincss

boinG Gonorntod nt sono point in tho ch~nbobver by tho cstnblishnont of

thc t~rpc of :.,r8ssuro nnonnly F1ttcrn doocribod by lTn::bs. Porhnps tho

nost inportn.nt rosult in tho sUGgestion tllnt tho nnnuc.lAtlnntic-wator

inflovTS to tho Europco.n shelf soas nrc not sepnrn.te unrelr..ted lUlits but

thnt they are in fact relnted cvonts connocted by an ntnospheric procoss

capnblc of progrcssively n.ccelernting (01' dccelornting) tho anonnlies of

1\.tlnntic inflow strongth over n poriod of yonrs.

•
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RUNNING NINE MONTHLY MEANS (POSTWAR PERlOn) OF :

(al CYCLONIC INOEX ANOMALIES (CYCLONIC TYPES
POSITIVE BUT GRAPH INVERTEDI - BRITISH
ISLES

(b) MERID!ONAL INDEX ANOMALY ISOUTHERLlES POSITIVE I
- BRITISH ISLES

(c) SURFACE SALINITY ANOMALY - GERMAN BIGHT
GROUP
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Highest correlation
obtained by introducing
a lag of :-

(a) 2 quarters between G1 & 62
(b) 3 quarters between 61 & 63
(c) 4 quarters betwee n G1 &G4
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~1 61/62 61/63 I 61/64LAG .,

0 o·3743 I 0·2751 0-2670
1 O· 5807" 0-3529 0·2807
2 0-6602 .0-4716 0·2961
3 0·5651 0·5805 0-3517
4 o· 3557 0·5727 0-3692
5 0-4809 0-3498
6 0-2631 0-2513
7 0·0863 o-1552
8 -0·0320 0·0868
9 0·0206

10 -0-0618
11 -0 -1430
12 -0·1936

Cqrrelation series obtained by comparing .
the salinity anomaly data of group 1 with
similar data from groups 2,3 &4. after
introducing various time - lags from 0 to 12
quarter -years_ "n·= 59 in each case.

SIGNIFICANCE CORRELATION
COEFFICIENT

~1 0-2128
·05 0·2523
·02 0·2975
·01 0·3277
-001 0-4114

For \\n~ 59
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Runnino 3 - Ouartezrly Mezans Of Salinity
Anomaly (Post 1939) For:

Ca) Thez Irish Seza Group - Mezan Of Araas
141, 143, 145, 212. From Surfacez Salinity
Obsezrvations

(b) Lappezgrund Lightvezssezi - From Obsezrvations
Madez At 12'5 - 15m DezpUl
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RUNNING NINE - MONTHlY MEANS (POSTWAR PERIOD) OF:

(al MERlDlDNAl INDEX ANOMALY (SO UT HERlIES POSITIVE)
- BRITISH ISLES

(bI SURFACE SALINITY ANOMAlY - GERMAN BIGHT
GROUP

Icl 0- 200 METRE TEMPERATURE ANOMALY - KOLA
SECTION
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