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In this paper an attempt is made to describe in summary fornm sone
inportant hydrographic changes.induood in the castern Atlantic arca by a
roourrent atnospheric circulation pattern. A progross report on part of
the work described here was presented at the SCOR Syrposiun on Vafiability
in the Ocoans, Roric 1966, (Dickson and Lee 1968) and a full account is-dt
pfosont in preparction for publication; |

As part of a research prograrme rclating long-tern changes in hydro-
grephic conditions to long-term changes in both atﬁosphcric circulatioh
end marine feunal distribution, a sinplc analysis of salinity data was
carried out for all possible sca arcas around the DBritish Islcs;

In attcmpfing to delinit the undcrlying processes responsible for
hydfographic ohangé, salinity was choscn.for analysis rather than ten-—

pcraturo since net only is salinity lcss subject to local nodification by

oxternal processcs than is temperature (sce, for cxariple, liontgonery, 1955)

and is therecforc a morc.conscrvgtivo property of a given watcrmass, but
also, as pointcd out by Dictrich (in Lacvastu 1963), a ruch 1argof arca
of our shelf scns tends to be homohaline all ycar round than homothernal,
S0 that surfacce cstinatcs of salinity drc nore bonsistontly r0prosohtativc
of conditions in the whole water column than arc sinmilar cstinntcs of
tcﬁpcrnturo; o o ‘

‘ In analysing the 60—ycar salinity rccord (1905-65) for thesc shelf

scas, it was Tound that during this century they have cxpericnced a

striking and fairly rcgular (but not cyelic) altcrnation betucen periods

of low and fcriods of high salinity, theso salinity fluctuations being

rdughly'vconiomporanoous cvents in all arcas of these scas. Tigure 1,

fo} oxamplo,_illustratos the cssential similarity of the intecrwar salinity-
anomaly curves for L croups of sea arcas in the Inglish Channel and southcrn
Torth Sca, and the sanc night be shown to be true for all arcas of the shelf
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scas during all periods for which we have data;w Tho -qucstion arosc as to
the causc of thesc inter-annual salinity fluctuations;

Scasonal change in the level of actual salinity inAEurppcan.wators‘
(as i1lustrated by the scasonzl advance and rotreat of the 35 /o0
isohalino) is knoun to be 1argcly a result of o scasonal‘yariation in the
strongth of Atlantic water inflow to thest scas. Thercfore, since our
60-ycar salinity analysis showed cach high salinity pcriod to be the cnd-
point of a continuous risc in the anonalics of salinity over a period of
ag long as four ycars, irrespcctive of scason, it was immcdiately suspcctod
that the cause was a gradual_cvolution.in the anomalics of Atlantic water
inflow strength over the same poriod; Indced various factors appearcd to
confirn that thesc salinity fluctuations had an "Atlantic" origin, notably
the fact that the actual sizc of the salinity anomalics cncountercd, and
their phase iag, increascd with increasing distance from the open Atlantic.

Unfortunately ve have only a linited cnount of dircet cvidence for
“this thoory; The volunme—transport data of Teit (1957) for the Faroe;
Shotland Channcl arc too linited to cneble us to distinguish such short;
ternm chapgos, and while the data for the Varnc lightvcascl (Carruthgrs
1935, 1939, Carruthors; Laviford and Veloy, 19#9) certainly support the
theory, the tinc span involved is an unconfertably short onc; Therofore
since atnospheric brocossos arc the only rcasonablo_mcans‘by.which our
proposcd dccoloration of Atlantic inflow cculd be offcctod, an attonpt
was nade to find out whether atnospheric conditicns during thesc periods
of rising.salihity anonaly verc capablc of producing such an acccleration.
It is cloar that if tho atnosphere is to be held rcsponsible for an accol;
cration of inflow lasting for poriods of a fow ycars, two connccted
atnospheric proccesses nust be in opcration, the Tirst rasponsible for
initiating the ccceleration and the sccond responsible for maintaining
the acceleration over a pariod of yoars;

Tlanias (1965) has cutlincd thc ancnalous atmospheric nrocesses which
were responsible for causing an increcascd adveetion of warn wato;vnorthwards
along the vestern Buropean scaboard in the period from late 1958vto 1960,
Since this period of warning also corrcsponds to onc of our periods of
continucusly rising salinity anomaly, it is theught thet lanias has described
an actual casc of ainosphorically-induccd inflow accoloration;

lenias describes this anomaleus warn woter advection as an Elmen drift
cffect, owing its initiation to the cstablishnent of a large low préésﬁic
anondly cell over the wvestern Atlantic ond an coually large pressurc~

anonaly ridge over northwest Durope (Figure 2) whosc combincd cffeet was



the gencration of a southerly anomaly wind over the castorn Atlantic;
chan/atmosphcro fecdback cffects which becane more and nore inportant

as the distribution of sca surfeace teuperature became morc and nore
abnorral, were responsible for mainteining and intensifying this initial
pressurc pattcrn, with the result that the warn water advection also. tended
to persist and intcnsify;

» hn attompt wos thon made to find out whether atmospheric conditions
sinilar to those cutlined by lfanias werc in operation during ot?or periods
of ‘rising salinity anomaly in our sheif soas; Charts of 500 mb. height

anonaly for the northern hemisphere were computed by the Hetcorological

~Office, Drackncll, for cach 6-nonth period betwoen 1949 and 1964. In only

cight 6-nonth periods out of 32 was the dispositicn of 500 b, thickness
conducive to increasing the southerly anomaly-wind component over the
castern itlantic, and in only 4 cascs was this pattcern strongly developed.
The datcs arc howover of great significance. In the post-1948 period the
salinity of our shelf scas rose, to gaximun.valucs on only four occasions,
1949-50, 1953%-carly 1954, late 1958-carly 1960, and 1963; In othe: viords
these years represent the end parts of our postulated hccelerated Inflow
Periods, and-in cach case these salinity mexina were acccmpanied by the
establishnont of o "lamias—type! circuloation over the MNorth Atlantic, this
circulntion pattern being weakly developed in 1949-50 but strongly develceped
in the remaining three periods mentioned above, (Figures 3—7);

In vicw of the possibility that pressurc—anomaly cells at sca level
nay be longitudinally displaced from the corrosponding centres of pressurc
(or."thickngss") anonaly at 500 mb: level an indircet check was nade cn
the positional agrecment of the cells at the two levels using various
netcorological indices. In cach case, (Figure 8) the "peaking" of salinity
ancomzlics in our scas was cccompanicd, or more strictly sligtly preceded,
by the incrcascd anticyclonicity (decrcasecd cyclonicity) over northwest
Burcpe and by the incronscd southerly circulation over the castorn Atlantic
vhich is characterictic of the circulation patiern described by Hanios.

Four inhcrent aspects of this anomalous circulation could have brought
abcut the observed progressive incercase in the salinity of our scas. Of

these,  two .(reduced precipitation and increased cvaporation) were capable

-of .effecting an in situ incrcasc in salinity by rcducing the freshwater

acccssion to the shelf: scas. The other two appcarcd capable of bringing
about an advective increase in salinity by increasing the inmwvard flux of

salt to. our scass



(i). The "Manias—type" of atmospheric circulatinon nay sctually
accelerate the infloving currcent of Atlantic water such that a greater
quantity of salt than normel will be brought in. Supporting ovidence for
this is to be found in.Carruthers' Vdrnc currcnt. measurencnts as well as
in the fact that the dcep inflow %o the Baltic certeinly appecars to strengthen
at thesc times (sce below);

(ii) The abnormal southerlincss of +the atmespheric circulation during
these periods necans that a greator proportion of the inflowing water is
derived fron a more southerly source arca than normal. Therefore on this
acceunt also thoe inmrard salt flux sheuld increase since the inflowing strcan
will carry vater with higher salinity than normal into our seas:

It is thought likely that the first two processcs are of relatively
pinor inportance in raising the salinity of our scas compared with the
salinity risc duc to salt brought in by.the inflowing Atlantic current.

(A conclusicn -opposed to that of Schott, 1966, who rcgards inter-annual
Sluctuaticns in.precipitation as the najor cavce of salinity variation in
cur shelf soas);~ ) L L ) ‘

The zcoscns for this belief arc clear from Figurcs 1, 9 and 10; tthen
onz .corrclates the 20-ycar nmcan interwar curve, of salinity anomaly for the
Yestern Lpproaches Group of sca arcas (curve G1) with sinilar curves for
the Eastorn Chonnel (G2), Southern Bight (G3) and Gornan Bight (G4) Groups,

It is found tiaat the highest corrclation is obtained by introducing a tinc-

1ng of 2 gquarters between curves G1 cnd G2, 3 quartoers between curves G
and G3 and ! quarters botvecn curves G1 and G4. (ALl the correlaticn.
cocificicnts arc highly significant); ~This fact - that the entirc 20-ycar
curve of salinity ancrnialy lags progressively up-Channcl - clearly indicates
the doninant influence of the advective factors in bringing about these
salinity fluctuctions, although it is n?t yot clear which of the two
adveciive factors is the more inportant.
: The two in situ factors (deercasng precipitation and incrcasing
ovgporation) roy both however assist in the raising of salinity lcvels in
our scos, cspecially during the end point of cach salinification period
when %ho "blocking" Grosswetterlage is nost strongly devolopod;

It wos montioned carlicr that over the 60-ycar period for which we
have data, the pattern of salinity-enomaly fluctuations has been cssentially
sinilar in oll arcas of the Buropcan shelf scas which is %o be cxpected in |
view of the large geegraphical scalc of the procossos responsible. However,
if we confinc our attention to the Europcan shelf scas alonc ve arc to-

sone extent undorestinating the importance of the "Manmias-type" circulation
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and the advective streams which it generates, since therc is evidence that
the long-tern hydrograrhic variations in two odjoining sca arcas are largely
brought abcut by the same processes: '

1. The Transition Area and Daltic

A direct correlation between the necan sclinity ancnaly curve for sea
arcas in the Irish Sca group and the anomalics of salinity for the
Lappegrund lightvessel (in the Sound between Zealand and sputh Sweden)
at 12.5-15 n depth, yiclds a. corrclation cocflficicnt of 0.3659 (scc also
Figurc 11). This correlation applied to the, period between the sccond
quarter of 1939 and the third quarter of.1961; Sincc in this casc "n" = 84,
the significance cf the correlaticn betwecen thesc two very different areas
is well beyond the 0,001 level. - Further, since the Irish Sca data can be
shown to nirror hydrographic conditions in the shelf scas as a whole, and
since salinity fluctuaticns in the shelf scas are theught to be produced
by southerly~wind-induced veriaticns in occanic inflow, it is hard to escape
the conclusion that acceleration of Atloantic~woter inflow to the shelf scas
is accompaniced by an acceleration of inflow to the Kattegat, Belts and
Sound, this lattcer cvent being caused basically by the same cncnalous

atmestheric precesses that gave rise to the former. (It is not suggested

- hewever that this boosting of the botton~flow to the Kattegat is a nere

incertial cxteonsion of acccleorated inflow to the shelf scas. The special

. circunstances of the Transition Lrca denand that other factors be considered

in additionj the volunc of the Baltic compcnsation current for cxanple
noy well inercase under the cenditions of rclative drought attending the
cstablishment of .o persistent '"blocking" anticyclono‘over Scandinavia).
4part from the case of the Trensition Lrca, o fairly clear concurrchce
of Accelerated Inflow Periods and wajor Baltic inflows nay also be. shown
from the hydrographic rcecords of the Baltic deep basins thomsolvos;
(Fonsclins 1962, 1966, 1967), although in contrast with cvents in the shelf
scas and cven the Troansition Arca, these Daltic inflows tend to take the

forna of sudden, short-lived irrupticns at the time of peak inflow to the

Horth Sca, and do not build up gradually to peck strength over a period of

tine.

2 The Barents Sca

cnonely along the Kola leidian scetion (70551 330E-72%pﬂ 330E) shows a

strilking sinmiloarity to the post-war curve of salinity anonaly- for the

As shown in Figure 12 thce curve of integrated 0-200 n tomperature

Europcan shelf scas. Although ovents in the Darcnts Sca have not yot been

cxanincd in greater detail, it is thought likely that the scutherly cnomely
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wind running fron latitudes south of Britain zcross the llorwegian Sea
-to the Arctic, which tends to be characteristic of the "Tanias-type'.
anomaly-circulation, is fully capable of bringing warner cconditicns to the

Barents Sea, both through advective precesscs and by lessening tho loss.
of sensiblc. and lotont heat to the atmosphere (Lec 1961).
In-conclusion it nust be added that the above repreéents rerxoly a
“very curtoiled summary of the nain conclusions resulting fron a three
year rescarch prograrme. luch of the evidence for many of the conclusions
described herc has had to be omitted for rcasons of space but will shortly
appcar in full in the Bulletins of llarine llcology. It is hoped however
that some idoa has been given of the hydrographic inmportance of the
periodic gradual changoovor fron the normal westerly atuospheric regime
to one of cxtrome southerliness in the castern Atlantics this southerliness
being generated ot sone point in the changeover by the cstablishnent of
the type of pressure anomaly pattern described by.madiﬁs. crhwps the
rnost importent result is the suggestion that the annual Atlantic-water
inflows to the Furopcan shelf scas arc not scparate unrelated units but
that they are in fact related events connected by an atmospheric precess
capable of progressively accelerating (or deceleratlng) the anomalics of

Atlantic inflow strength over a period of ycars.
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