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Abstract

Résumé

The mcnthiy temperéture mean'Values'fromithe~Stations
"Helgoland", 'Noodhlnder"; and "Faroes"' as - well as from the
sea areas "ICES Reglon F1" and "Biscay" were. 1nvest1gated
cllmatologlcally The temperature series were flltered in '
order to eliminate the yearly.wave which superlmposes 1tge1f-
over all, and also shorter variations; Coherence of the cii—
matic osclllatlons of the individual sea areas was-: investl-
gated. An harnmonic ana1y51s of the filtered series chowed no -

'statistically significant spectral energy. concentratlons. The

mean values so- flltered were treated with a second filter,
which allowed through only variations with periods longer than

~ ten years. There were,temperature variations and perlcdg bet-

ween 11 and 15 years in length in all five series. The varia-
tions were not statlonary..A connection with the sun—spot

'cycles could not be proved. All the sea areas con51dered
showed a clear temperature increase s1nce about the turn of

the century

Des valeurs mensuelles moyennes de la température,
obtenues des statlons,"Helgoland" "Noordhinder" et "Féroe"
ainsi que des réglons marines "ICES Region F1" et "Blscaye"
ont é&té examinées cllmatologlquement Les séries de texpéra- -
ture ont &té filtrées afin d'é&liminer la variation annuelle
qui couvre tout et des fluctuations encore plus courtes. On
a étudié les cohérences des oscillations climatologiques dans

" les régions marines respectives. Une analyse harmonique des

séries filtréés n a.pas révélé de concentrations spectrales.
d'energie qui soient assurées atatistiquement Les valeurs ’

. moyennes ainsi flltrées ont &té traitées & l'aide d'un deux1é1e
~ filtre qui n'a fait passer que deé.f;uctuations aux périodes

de plus de 10 annéesruon a constaté des fluctuetions de 1la
température aux périodes entre.11 et 15 années pour toutes
les cing séries. Les fluctuatlons ntétaient pas statlonnalres.

' Une liaison avec des cycles de taches Solaires n! a. pu &tre
" dérmontrée. Toutwtles régions marlnes considérées ont révélé une

hausse de la température depuis environ le tournant du siécle.



Introcduction

Reliable seoular series of meteorological parameters have
been available forka 1ong tiﬁe On the other hand to date, only |
a few long-term serles of hydrovraphlcal parameters are Known.

In order to study the long—term varlatlons or cllmatlc changes
the water temperature ls a partlcularly sultable parameter,
because this also shows ouly a weak daily varlatlon within the
surface 1ayer and, in general,-errors due to radiation or evap-
oration effects are minimal. Smed (1562), espe01a11y, has tried
to compute 1ong—term temperatures for the North Atlantlc. These .
are geographlcal observatlons from areas, generally in 5° fields,
which have been summarized 1nto a serles of monthly mean values.
The space—tlme var;ablllty of oceanlc sea surface~temperatures

is normally smali enough, in order to be'ableptonstudy long-tern

changes without great errors.

Tomczak (1967) has ihVestigated olimatio‘changes in the
horth Sea from such series. For our lnvestigatlons,‘Series were
available for the pos1tions, resp reglons,.shown in Fig. 1. .
A. Colebrook has summarlzed and homogenlzed temperature

measurements for a region (45° to 50° n; - 5.,to_10 W)

West of the Engllsh‘Channel.’The serles begins ih i854 ahd
closes in 1974. Thisuseries presentS‘large gaps during the‘world
wars. This reglon has a double 1nfluence upon the cllmatolor;cal_
variatlons of the North Sea. The advectlon of water from this
area through the Engllsh Channel has a dlrect 1nfluence in long

time scales upon the southern korth Sea. On the other hand, it




-'__'3 _

is supposed that the metebrolcgical coupling has an influence

upon the North Sea.

B. A temporally homogeneous.ﬁemperature_series exists, which

began in 1884, taken'by‘the Dutch light vessel "Icordhinder".

- The light vessel's position was changed several times. For long-

term variations, however, this could be disregarded.

C. A series from Heligoland in the German Bight exists, which
began in 1872, and which was broken off between 1944 and

1960 (Goedecke, 1952). However, the gap could be filled with data

- from the light vessel'"Elbé Iﬁ which is positioned in the vicin-

ity. In an'earlier_work,’(Béﬁker and Kbhnke, 1977) it has,beén
shoWn that the Gérman Bigﬁt;gwith reference to long-term tempera-
ture varisations, can be'viewed»as‘an homogeﬁeous region. |
D. A series by Smed (1952) haé been computed from the area

56° to 60° N and 0° to 3° W. This area includes the Scot-
tish coastal water and lies‘in‘thé direct inflow of Atlantic.
water irhthe North Sea.’Unféftunétely, this series is alsc broken

off, as are those from the Bay of Biscay, during the world wars.

E. Series from the Faroes are available from three stations
from overlapping periods of time; so that an homogeneous
series can be compiled from them. This series began in 1867 and

ended in 1963,

* The data has been kindly plad¢d at our disposal by H.H. Lazb.
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The water temperafure in the region of the Faroes can .
still be viewed as répreSentative for the North‘Atlaﬁtic Current
which, as an extension of the Gulf Stream, also exerts a décid;

ing influence upon’the European Shelf seas.

- Methods

To illustrate the'loﬁg—term variations, it is'customary
to build up mean values over time intervals of very'differént
lengths, which in this case extended from one to thirtytyears

(v. Rudloff, 1967). o R : .

Equally-weighted, running mean values function as digital

‘filters which do'notbfélsify the trend. This process, however,

weakens, stréngthens,'or causes periodicities, so that state-

ments concerning variétions hold tfue only with absolute caution.
If, instead of the eqﬁally running mean values, weighted mean'
values are used, theéeidifficulties can be avoided 6r; ét_leést,
are reduced. The_energy'dehsity of the_annual témpérature wave
stands out above all o_ftheriperiodic processes (Webster.an’d ‘
Farmer, 1976); Durinngpectral investigations uponiionger time
series, in order to avoid_energy‘leakages frqm theuannual haroonic,
low-pass filters wefé ﬁséd'which ?ermitted the amplitudes.of the
annual waves'to‘disapbear ?nd minimized the energy.denSity in the

higher frequency part.bf the spectrum.

Théllow—pass.filter must possess the property of not chang-
ing the trend of the{time series. Furthermore, no changes should

take place in the 16hgér periodical part of the spéctrum, or at



least be only negligible.

Huber (1975) conceived afllter which possessed the charzc-
teristics desired. Flg. 2 shows the spectrum of this fllter The
curve of the spectrum of thls fllter crosses the ab0lssa by
~266 days. At perlods of about. flve ‘years, the amplltudes receive
the rmaximunm exaggeratlon of 2 % As the amplitudes of these:
variation perlods are smaller than 0.5° ‘C, a2 % exaﬁgeratlon
would lie below the accuracy of measurement and can, therefore,
be dlsregarded. Through thls filter, 12 month mean values were

lost at the beglnnlng and end_of each series.

Fig. % shows the spectra‘of an original series (Noordhinder)
and the correspondlng filtered serles. The spectra were ‘smoothed,

so that the amplltudes were weakened.,‘

The comparlson of the spectra shows that those in the

- longer perlodlcal part correspond one to the other, apart fron
small differences, however, that W1th perlods of about 20 months
a steep decrease in the amplitudes results. The .peaks in the
higher frequency part reflect the high frequent variations caused
by the fllter, which -~ however - remain far below the accuracy

of the measurement series.““‘

In order to make the longer periodic parts of the series
clearer, another new fllter was concelved and used for the serles
in the same manner. This- second fllter is an extreme low-pass

filter whlch lets through only perlods of above ten years.

- -
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The time seriee‘(monthly mean values'of'the.eea surface
temperature) Which.were'treeted with the aforementioned filter
¢366 days) is shown in Fig. 4. In order to be betfer able *o
alstlngulcn between the flve oscillating curves, the "Region 1"

temperature curve is shlfted by -4° C

The filtered series of Fig. &4 do hot represeﬁt monthly or
annual mean values, end they are also not monthly of annual
deviations of a respective mean value. On the centrary, they .
represent the totalifrom the'non—hermohic‘remeine ef the annuzl

wave and all longer-lasting variations.

In all five;filtered:series,.the‘great variations in the
period range between about two and five years are Worthy of note,
the signals of which overlie lenger continuous phenomena, so
that in Fig. 4 these are not immediately recognizeble. The
spectral analyses give no indication of stationafykperiodical
variations (K. Hasseimann, 1976). A high level of cohere ce .
exists betweeﬁ “Heigoland", "Noordhinder", and the "Biscay ":glon"
A high coherence.is also to be seen between the series froa the
"Faroes" and the "Region.F1", which iskcertainlyuheavily reduced
after 1947. From_thet fime’onwards, the tWo curves:in part e&en
proceed contrary tdﬂeﬁe another. A similér behaviour of vaniehing
coherernce is also‘shewn by the three southerly etafions,,froi

1969 onwards.

"Helgoland", es’ﬁhe lend-nearest statien,'shows the sreatest
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~ disturbance in fluctuation of temperéture. Thi's station, of all

the other‘éreas investigated, is the most'éubjeéfed'to fhe con-
tinental influence. The most salient pheﬁomeha in the "Helgoland"”
aﬁd~"Noordhinder"'series ére the Strong, suddeh falls inAtempera—
ture. They are purely weather-dependenf, predomihantly in virzue
of extremely colder winter mohths.-That kind of ;frohger, nega-
tive climatic deviations éfe not to be‘obserﬁed in the region

"Biscay".

Upon closer obséfvation, at all five statibns; one can dis-
tinguish betwéen'periods with reiativeiy small variations in tem-
perature and fﬁoée with higher fluctuapions. This temporary dif-
ference clearly manifests itsélf’in thé "Faero" series (and aiso
in the "Region Fj")‘where, between 1893'énd 1947 only few higher
frequent climatic oscillations odéurred.bln contrast'tovthat,
before}1893 and after 1947, variations with largér émplitudés
were observed. The feiatiVely undisturbed‘femperature course
between 1893 and 1947 coincided with.a:ionalisation}of the atmos-
pheric circulation (H.H. Lamb, 1973). ?he Central European region

was rather characterized by oceanic summersduring this period

- (H. v. Rudloff, 1$67) which may have had a moderating effect upon

the aﬁplitudes. Before this period of fime, above average, Ifre-
quent meridonal air circulation took place over lorth-West Europe
(H. v. Rudloff, 1967) which led to climatic oscillations with

increased amplitudés.

In spite of the relative high amplitudes of the higher fre-
quent oscillations, all five curves indicate longer-lasting tem—

perature variations (longer than 10 years). In order to make




these phenomena eleaf,"the series shown in_Fig._ﬁ»were filtered
again. The gaps'inbfhe 6bservations in the fegions "Biscay" and
"F 1", which occurred . durlng the two world wars, were filled by
linear 1nterpolatlon of the filtered values in Fig. & Amhe second
filter possessed the characterlstlc of 1ett1ng through only perl—
ods of longer than 10 years. At the beglnnlnv and at the end of
the series to be investlgated in each case, 180 monthly values
would be lost by the employment of a fllter of that type. In
~order to avoid that loss, the series were artlf1c1a11y length-
ened by reflecting}-‘l.B'O valukes, in each case, at bothbeknds' of a ‘

series.

The spectrum shown ih Fig. 5 of the series "Neordhinder",
which was treeted by the second filter, shows ‘very clearly fhat
periods of less than 10 years have completely disapbeared. An
accumulation of energy became conspicuous in the pefiod range
between 11 and 15 years. Variations of these durations can be
clearly recognized:elso inhthe twice-filtered measufemeht series
of all stations (Fig. 6). These climatic variations, however, are
not stationary. A correlationship with the relétive‘number of - ‘.;

sun-spots does not exist.

The "oceanic stations" ("Faroesﬁ,."F_1",‘and»"Biscay?) show
good conformity in amplitgdes and phases. If is to‘be supposed
that, during periodé‘greater than 10 years, the three stations
mentioned were influenced by the North-East Atlantic Current to
the same.degree; The appfoXimately same sized amplitudeS'at
"Faroes" and "Blscay" indicate more an advectlve 1nfluence than

S a dlrect meteorologlcal 1nf1uence, although both reglons are
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about 1,500 km aparfffrom one another in a meridional direction.
However, to prov1de confirmation of thls hypothes1s, no analogous
investigations ex13t from the Gulf Stream whlch feeds the North-

East ntlantlc Current._-

The curfes of fhé stations "Helgoland" and~"NoordhinderV.
differ from fhoserf the "oceanic regions" by variations‘with
Aiarger amplitudes.4This can be traced to a stronger‘meteorologi-w
cal and - possibly - to a. weakened advective influence..Even |
between the two "continental stations", "I oordnlnder“ and ”Hel—‘_
goland", there ex1sts a cons1derab1e dlfference in the long
periodicit" Coherence investlgatxons of ‘these two series indi-
cate that the coherence in the periodic range decreases above
five years. The coherence below this margin is very high, and
foriindividual frequencies.it alnost reaChes 1. If the short-
periodic meteorological climatic oscillations (between 1 and 5
years) take effect upon‘these two stations in a like;manner, it
should also be expected all the nore in the long periodicity. A;
comparison of the long-periodic temperature coursesat "Helgoland"
and "Noordhinder", however, indicates - in part —'clear deviationsh
from one another. The greatest differences appear'in the period
from about 1905 to 1938. Whereas, the temperature at "hoordhlnder"l :
had three maxima (1912, 1924, and 1935) and two minima (1919 and -
1928), only two maxima (1915 and 1934) and two minima (1505 and
1925) took’place at "Helgoland"‘during the same.period of tine.‘ ‘
In the course of the two temperature curves there also exist |
durlng those time 1nterva1s phase differences, whlch ln the tl"e.
period following up to the present.have completely d;sappeared

" again. A comparison of the long temperature variations at the
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five "statlons" clearly showed that between 1905 and 1938 ex-
ceptional sea surface temperature condltlons must have prevalled
near "Helgoland". Between 1937 and the .end of_the ser;es, a

high coherence.exiSted-between the.loné neriodic:wariations,
although the'higher-rreQuent barts of the~temperaturebyariations
at "Noordhinder" and "Helgoland" after’1968’4.intfact.¥'are |

opposite one to the other (Figr 4y, -

~ At present, one is unable to make deflnite statenents con-
cernlng causes for those kind of 1nterm1ttent shlfts 1n phase ’
of the long—lastlng sea surface temperature variations. It is
AespeCLally stlll obscure "if the unusually large amplltudes near
"Noordhinder" between 1911 and 1921 (Fig. h) (when conpared with
those near "Helgoland") must be explained by 1oca1,meteoroloalca1
changes or with aduections through the Englisthhannel into the
North Sea. .A: correlatlonshlp of the mean values of the sallnlty -
as calculated by R.R. Dickson (1971) - in the Southern Bight ‘
with the flltered temperature values at "Noordhlnderﬂ produced;
no definite in_dication of an intensified advection.' That 'nust - .
not necessarily indicate a lack of advection. K. Wyrtkl (1952)
has already stated that a correlatlonshlp between current dlrec-
tion in the Enbllsh Channel and salinity anomalies apparently"

does not exist.

Probably only correspondlngly long series of ~observations

of the current veloc1t1es could contribute to a clarification of -
the ouestlon of whether dlrect meteorologlcal or advective in-

fluences have ledvtojthe,climatologlcal dlfferences‘observed.
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Over the whole of the observational time; at all five
measurement series,.a generai average increase ofithe surface
water temperature is recorded As the spectral analys1s of
cllmatologlcal serles normally shows a continuous varlanoe dls-
tribution (K. Hasselmann, 1976), it must be assumed that this
warming-up is- part of a long—perlodlc, non—statlonary, c71 ratic

variation (periods larber~thanu200_years).

The "Region Biseay";hSince the relative temperature naxi-
pum in 19&6 (Flg. 6), has .cooled down by 0.8° C and presurably,

is at present close to a mlnlmum

By way of contrast, 1t appears that the present tempera-
ture niveau in the North Sea has a relatlve maximum. lot only
the curves fron "Noordhinder", "Helgolandﬁ, and the "Region mMn,
but also that from "Faroes" - however, with-restrictions tecause
of the early termination of the}series - from 1965 onwards show
a vigorous increase of‘temperature. According to thedoourse‘of
the curves during the past 100 years, a renewed relatlve ten-
perature minimum 1s to be expected in the North Sea - between

1680 znd 1985.
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Fig.4 : Filtered temperature time series (low-pass filter; n = 12 months)

of A: Region "BISCAY"; B: LV "NOORDHINDER"; C: "HELGCLAND";
D: ICES Region "F1"; E: "FAROES" . ' A
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