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AZTPONOMIA.— Remarks on High Latitude Air Temperature Ran-
ges and Solar Activity, by Christos S. Zerefos and John Xantha-
kis*. ’Avexowvadn dzo tob Axadnuaixod x. “Tow. Zavddan.

SUMMARY

Annual temperature ranges at the vicinity of solstices (DTs) in
the high-latitude belt 60 - 70°N were correlated with sunspot numbers
and the areas index during the period 1880 - 1960. Statistically signifi-
cant correlation coefficients, at the 0.05 confidence level, were found at
time lags of 8 and 14 years after the corresponding solar activity indices.
The correlation between D'T's and solar activity during the first three
years of the declining solar cycle was found to be highly significant

(r=—0.76). In continental stations, DT averaged over successive
sunspot periods, were found to be strongly correlated with correspond-
ingly averaged solar activity indices (r = —0.87) confirming earlier

findings which, however, were based on different data samples (Xantha-
kis, 1956). Continental and coastal 1l1-year averaged D’I's displayed
exactly opposite courses during the successive sunspot cycles, the
coastal 1l-year averaged DT being unrelated to the long-term solar
activity course. Previously reported high correlations between long-term
solar activity changes and other air temperature range parameters were
not substantiated.

ZUSAMMENFASSUNG

In der vorliegenden Arbeit wurde die Korrelation des Jahrlichen
Temperaturwechselns, in der Zone zwischen 60 - 70°N, in der Nihe der
Sonnenwende (DTs), mit zwei Indizien der Sonneaktivitit, wihrend
der Periode 1880 - 1960, durch Zeitverschiebungen von 0 bis 23 Jahre,
bestimmt. Statistisch wurden die Korrelationskoefficienten (Sicherheit
0.05) bei Zeitverschiebungen am 8 und 14 Jahr, gefunden. Die Korrela-
tion zwischen DT - Werte und Sonneaktivitit, wihrend der ersten drei
Jahren, nach der Aktivititsmaximum, weisst eine Statistische Sicherheit

* XP. £. ZEPE®OY — 1Q. SANOAKH, ‘HAwaxy Spactnpiétrng xai Beppoxpacio tod
Gépog mapd THY émipdvelay eig thv Lwvny yewypapixob mAdtovg 60° - 70° N.
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grosser als 99, auf. Der Mittelwert von der DT fiir der Kontinental-
stationen als Durchschnitt der jeweilige Aktivititsperioden hingen stark
von der entsprechenden Aktivititsindizien ab (r = — 0.87), dies Ergebnis
bestitigt fritheren Arbeiten von Xanthakis (1956) allerdings auf anderen
Daten bezonen. Die Kontinentale und die Kiistenstationen D'T's (11-Jahre
Durchschnitt) zeigen gegenseitigen Durchlauf, wihrend der jeweilige
Aktivititsperioden. Die Kiistenstationen zeigen keine Korrelation im
bezug mit dem langfristigen Durchlauf der Sonneaktivitit. Friihere
Ergebnisse iiber grosse Korrelationen zwischen langfristigen Aktivitdts-
variationen und anderen Parameter der Temperaturbereichen, wurden
nicht bestatigt.

1. INTRODUCTION

Solar weather controls has been the attractive pole for many col-
leagues in the past. We shall not try to start revewing their findings
and suspicions since their (in many cases contradictory) results are
discussed fairly extensive in several places (see for example Lamb, 1972).

An early study by one of us (Xanthakis, 1956) showed that some
yearly air temperature range parameters, averaged over successive sunspot
periods, displayed a close correlation with the corresponding average
Wolf numbers during twelve successive solar cycles. These temperature
ranges, symbolized as DTs, DT. and X are defined as follows:

DTy = Ts —T:, DTe = (T — T2)/2 and X = DT.— (D'T)/2

where T, and T: represent the mean air temperatures at the vicinity of
solstices (June/July and December/January) and T., Te are the mean
air temperatures at the vicinity of equinoxes (March/April and Sept-
ember/October) respectively.

A statistical study of DT (Zerefos, 1974) showed that this para-
meter was found to be a rapidly oscillating atmospheric element with
different behaviour in coastal and continental stations. Spectral analysis
showed that coastal DT displayed significant quasi-biennial oscillations
while continental DT had significant periodicities with approximate
length of 3.5 years which could be a higher harmonic of the approxima-
tely 11-year solar cycle. Another interesting property of DI's is that, by
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definition, it is probably a function of «continentality» which is sup-
ported by the smaller values and standard deviations found for coastal
as compared to those for continental stations.

The above mentioned findings and Bray’s (1966) observation of an
apparently significant in-phase relationship between long periods of high
or low solar activity and prevailing surface temperature levels, together
with a small but significant quasi-biennial periodicity in the solar distur-
bance found by Shapiro and Ward (1962), led us to investigate further
the behaviour of DT and the previously mentioned air temperature

range parameters in relation to solar activity.

T & BL.E. 1

No St atiioin Lat. Long.
1 Bergen’ . : .. ioiaace 60° 24’ 05°19° E
IR RON T T s et 67° 17 12°24" E
8 | "Haparatida & oids . 47 65° 50" 24°09" E
4 Helsinki s oml. wnundis 60° 10" 24°57" E
B i -Amchangel. i s 005 64° 35 40°36" E
6 L Tst - Zola ..o 65° 27’ 52°10° E
7 BERZON. o coviiooissos 63° 56’ 656°04" E
AR T e e 61° 15 73°24" E
9 Turakhansk:. 7. .../, 65°47’ 88°04" E

107 eValeltsk s .2 06 oL 5 62°01° 129°43" E

1 Verkhoyansk ........ 67°33’ 133°24" E

0 2 Goathaab™. 12, . 5505, 64°11° 51°43’ W

13 Jacebshayn. ... ... 000 69° 13’ 51°02° W

i 1R G 1 T D 61°12" 48°10'' W

15 Angmagsalik......... 65 37° 87°33'W

167« \[RStgkishelm i S50 .. 65° 05 22°46° W

17 Vestmano .vi..ioess 63° 24’ 20°17" W

18 TSR Tu s o v Doisins 66° 33" 18°01'' W

19 | Beigarhorn:: oo 64° 41’ 14°22°' W

20 Thotshavil .....uosves 62° 03’ 06°45" W

2. DATA

A rather homogeneous sample of mean monthly air temperatures
for 20 stations was collected from «World Weather Records». These sta-
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tions are located in the latitude belt 60°-70° N and in almost continuous
operation during the period 1880-1960 (see their list in table I). The
reason for choosing this particular latitude belt was to include as many
stations as possible in the Northernmost latitudes for which there are
indications of atmospheric responses to solar events (Zerefos, 1973). Solar
activity data were taken from Waldmeier’s Zurich sunspot numbers and
from a list by Poulakos and Tritakis (1972) we took the values of the
areas index of solar activity. T'he areas index is simply defined as the
half of the sum of the square roots of the total areas of sunspots and
faculae, corrected for foreshortening (Xanthakis, 1969).

3. RESULTS

Zonally averaged yearly DT in the latitude belt 60’ - 70°N were
first computed using all stations as well as for coastal and continental
stations separately during the period 1880 - 1960. We then calculated
lag correlation coefficients between the above mentioned zomnally
averaged DT and the two indices of solar activity, namely the Zurich
sunspot numbers and the areas index I.. Time lags used ranged from
0 to 23 years. Lag correlation coefficients for all stations between
average DT and/or sunspot numbers and I, indices and corresponding
.05 and .01 confidence levels are shown in figure 1.

From fig. 1 it appears that significant correlations are only found
at lags 8 and 14 (at the .05 conf. level) the shape of that curve being
the result of correlating two periodic elements. It should be noted that
when these calculations were repeated for continental and coastal sta-
tions separately, significant peaks at the .05 level were found at lags
8 yrs for continental and 14 yrs for coastal stations.

Although the above mentioned correlations were generally low
(but significant) it seemed worth while to go further and to investigate
the correlation between DTs and solar indices for the three successive
years following the first sunspot peak. The reason to choose these parti-
cular three years was the well-known preference of the more drastic
solar events to follow by approximately 2 to 3 years the first sunspot
maximum (Papagiannis et al., 1972). This correlation was found to be
highly significant (r=—0.760) suggesting that the position of active
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centers on the solar disk must be comsidered seriously in searching
solar-weather links and not the absolute values of the solar indices,
since the same result was not reproduced when we repeated these cal-

culations for the ascending branch of solar activity.

Cor.Coet,

+.35

Time lag (Years)

Fig. 1. Lag correlation coefficients of zonal avevage DTs (20 stations)
with sunspot numbers (continuous line) and with the areas index
(dashed line).

Returning to Xanthakis® earlier work (1956) we averaged the above
mentioned zonal DT, over successive sunspot cycles (8 cycles) and
correlated them with corresponding solar activity indices averaged over
the same successive solar cycles. Correlation coefficients were found
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quite encouraging: —O0.76 with sunspot numbers and —0.72 with I.
index. Following the different properties of DT for coastal and conti-
nental stations, discussed in the Introduction, we decided to divide the
averaged over successive sunspot cycles DT into two groups corre-

e R I O T e T S T BT ST Samer ST 0 i ARy, e SLae W o Y AT sty
I12"‘13"‘14"15‘16"17“18'179I

Solar Cycle Number

4

Fig. 2. Mean zonal DTs averaged over successive solar cycle periods
for continental (upper curve) and coastal stations (lower curve).

sponding to coastal and continental stations respectively. The results are
shown in fig. 2, where the upper carve refers to continental and the
lower curve to coastal stations.

From fig. 2 we can easily see that averaged D'T's over a solar cycle
period display an exactly opposite course between continental and coastal
stations during the successive solar cycles under study. This result was
not reproduced when five year (instead of the approximately 11-year)
average of DT were calculated. Rather remarkable correlation coeffi-
cients were found between the above mentioned average DT for conti-
nental stations (upper curve in fig. 2) and the corresponding solar acti-
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vity indices: — 0.84 with sunspot numbers and — 0.88 with I, index,
both being highly significant at the .01 confidence level. However,
similar correlations for coastal DT's were found to be insignificant
(r = 0.30).

Mustel and his coworkers (1969) were the first to discuss a different
behaviour in continental and coastal stations of some apparent responses
of surface atmospheric pressure to solar flares. They found uniform
atmospheric pressure changes soon after solar flares to occur in conti-
nental stations which, however, became rather chaotic in coastal stations.
Although Mustel’s results refered to short-range solar-weather links and
as far as we know they were not verified with strict statistical methods,
they seem to confirm the difference with respect to correlation between
coastal and continental long-term atmospheric peculiarities during the
successive sunspot cycles discussed above. It looks as if DT's range, ave-
raged over successive solar cycles, could be an important tool in very
long range forecasting problems. However the results of the present
work must be checked for many more solar cycles and this could be a
promising task for future research.

IVAVBNE B L

. Continental X
All stations T Coastal stations
w Ia w Ia w Ia

«Range X» | +0.42 | +0.30 | +0.53 | +0.62 | —0.22 | —0.38
Te’ - Te —0.02 | —0.02 | —0.02 | —0.01 | —0.03 | —0.05
T +0.24 | +0.37 | +0.20 | +0.30 | 4+0.37 | +0.51

The correlation analysis discussed above was repeated for range X,
DT. as well as for the yearly air temperatures (T'). Correlation coeffi-
cients thus obtained were found to be insignificant even at the . o5 level.
Table II shows for comparison these correlations which refer to the
averaged over the successive solar cycles X, DT and T. It was indeed
discouraging to find out that «range X» was almost non correlated with
solar activity and not to confirm in our data Xanthakis’ earlier findings
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who has found the correlation coefficient between X and Wolf numbers,
shifted a sunspot period with respect to each other, to be about + 0.90.
It should be noted here that he used a widely spread number of stations
located in a great variety of latitudes and longitudes, from the near
East to the U. S., instead of the «narrow» latitude zone used in the
present study. It would be suggestive to investigate range X for the
whole Northern Hemisphere in relation to long-term solar activity
changes in order to be statistically confident that such a solar-terre-
strial link exists or not.

4. CONCLUSIONS

The results of the correlation analysis discussed in the previous
paragraph, may be summarized as follows :

1) The time series of continental DT, shifted 8 years with respect
to solar activity indices, are correlated with the solar disturbance signi-
ficantly, only at the .05 confidence level. When continental DT's were
averaged over successive solar cycle periods, they were found to be
strongly correlated with corresponding solar activity indices the corre-
lation coefficient being highly significant (r = — 0.87) in agreement with
Xanthakis® (1956) earlier findings discussed in the Introduction.

2) The time series of yearly coastal DT; shifted 14 years with
respect to solar activity are correlated with solar indices only at the .0H
confidence level. However when coastal DT were averaged over success-
ive solar cycle periods they were found to be insignificantly correlated
with corresponding solat activity indices.

3) Coastal and continental stations display an exactly opposite
course as far as 11-year DTy averages are considered. This peculiar pro-
perty was not reproduced when DT over other than the approximately
11-year solar activity period.

4) During the first three years of the descending branch of the
solar cycle, it was found that the averages of DTy for all stations
were highly correlated with the corresponding solar activity indices
(r = —0.76b).

5) Previous findings on high correlations between temperature
ranges X and X and DT. averaged over solar cycle periods, and cor-
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responding solar activity indices, which were based on different data
samples, were not substantiated. Also, as evidenced from our correlations,
there is no preference to use either sunspot numbers or the areas index
in correlations involving temperature range parameters, since correla-
tion coefficients found with the one or the other were not statistically
different.

As mentioned in the Introduction, continental and coastal D'Ts have
different properties, the former displaying an almost 3.b-year oscillation
and higher standard deviations than the latter for which quasi-biennial
oscillations are also evident. While the quasi-biennial oscillations of
coastal DT's are to be considered as a fundamental terrestrial period, in
which the sea probably plays an important role (see for example L.amb,
1972, pp. 249 -50) our results do not suggest any solar triggering at
least during the long range course of successive sunspot cycles. On the
other hand, the approximately 3.5-year oscillation found in continental
DT can probably be considered as a higher harmonic of the 11-year solar
cycle and a speculation arose on a possible triggering effect of solar
origin, which is supported by the highly significant long-term solar and
DT correlations found in continental stations.

Before ending this note, we should point out that computations on
hemispheric scale are needed before drawing any further conclusions or
practical aspects useful in long and very long range forecasting problems.
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*

‘O Axadnuaixog x. I. EavBanng, nagovoidlwv v dvotéom perémy,
eine o EEfg:

Exo myv ipliv va dvaxowvdow glg v "Axadnuiav doyaciav tot x. Xon-
otov Zegeol xai &uod vmd tov tithov <« Hlwaxnn) Agaotneidrng xal Ogopoxpacia
10U "Aégog elg v Zdvny Newyoaguxod ITAdrovg 60°- 70° N.».

Eic moomyoupévnv &pyaciav pov eiyov ueletvoer tag péoog deonoxgaciog
100 GéQog Gva Mluaxdv xUxdov, tag magexouévag Ex BV magotnoNcEwY dtaxociwy
neviixovia (2560) megimov oradudv tig Edxodrov Zdvne 1ol Bopeliov ‘Hut-
oparpiov.

‘H goevva avtn damexdluyev dtv 1) péon deopoxpacio tod Géoogc xord v
dudoretav Evog Hhuaxod xuxdov, dnhadn 11 érdv xatd pécov Soov, dtv magovord-
Cer 00deutiav ovoyétiow ug v péomv v thg Hhraxiic doaotmotdrnrog xord Tov
avtiotorov Hhuaxov xixdov. *Avudérwog, €ls tivag témovg tiic Kevrowdic xa
Bogetodvtixiig Edodang mov énederidnoav diatéoog, N dagogd td@v uéowv Heo-
uoxpuot®v eig tnv megroyNv t@v Hlwootaostov, dnladl xata tove uiivag *Tovvioy -
Tovdiov xai AexéuPorov - "lavovdoiov, magovotdler cagi ovoyétioty pe v avri-
otorgov péonv tpny tiig Hhaxiis doastnodtnrog xatd HAtaxov xvxlov.
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To nagddokov tod mogionarog tovtov elvar St % ovoyétiog adien xadiora-
tar onuavtixn elc to éninedov Eumotoovvng 99 %, Srav al dvo cvoyetilouevar
uetafAnrai (Yeouoxgacia fhootactov xai fiaxy doactnoidine) ocuvyxolivovra
uetall tov ué dagpoedv gdoswg £vog mAtgovg MAtaxod xUxdov, Hror 11 Erdv.
’Ev @\owg Aéyorg otatiotindg onpavixd) cvoyétiolg magarnoeital, Stav i péon T
tiig Hhtaxilg dpaotnoiétnrog xatd tov fHlrandv xvxdov 1901 - 1913 cvoyetiletar pé
™y péomv v tijg deopoxpaciag eic v megroyNv tdv filootactwv odyl xato
TOV avtov HAtaxdv wixdov, GAAG xote tov Emduevov 1913 -1923. ‘H &vdexaetig
attn daoga pdoewg maguuével axdpyn aveEiyntog maed TV dtapgevoacay £ixo-
cagtiav ano tiig doywrilg dnuocievoeme tiig foyaociac tavtne elg ta Archiv fiir
Meteorologie, Wien xal 1@v oyxetindv meoidipewv mov dvedmuootevdnoav peta-
yeveotépmwg Um0 oyohaot@dv Byxeltev GuEQXaVIX®Y ol QWOX®Y TEQLOSIKDYV.

"Hom pera v gmrelecdeioav mododov eig v oevvav tiic HAraxiic dooa-
otnELéTNTOS, €ig TV Gmoiav enuaviinds ovvéBake 1o Kévrpov *Epevvidv “Actoovo-
uiag xai *E@nopoopévov Madnuatxdv tiig *Axadnuiog *Adnvdv, 2dewofoaney
avayxaiov petd tob x. Zegepol va énaveterdowuev 1o medfAnua todto, otnoild-
uevor G’ évog pév dmi dAlng Bdoewe, xonoiwomootvieg 88 g’ Erégov véav otatt-
oty pédodov Sudpogov tiic mEonyouuévng.

ITeog tovto dua va &Eakelypopev tov magdyovra tod [ewypagixod IAdrovg
Yewgolnev uévov tovg oraduovs tovg dadérovrag woxodv cERAY TaQATNOHOEWMY
tiic deopoxoaciag ol GéQog, Tovg xetpévovg dvidg thg avriic Cavne tiic Empavelag
tiic viig, thic Gowlopévng Vo 1dv magaAridwv Bogelov TIewyoagixot IAdrove
60° - 70°. Aevregov dua v Expoaocty tiig ftaxiic doaotnodtnrog &x magarliiiov
m0g tovg douduots Wolf 2xonotwonovicauey tov om’ 2ot eloayHévra véov Sei-
v «tdv Eufaddv», Jotig g 8Emptrduevog Ex tdV Eufaddv @V xnAidwv xal
nveo®dv xéxtnrat iddlovoay quatxiiv enuadtav, xai teitov, Sneg xal omovdardre-
eov, avti tiig péong tiuiic xatd 1leth Hhvanov xixdov Edewofioopev adrac tavtag
tag érnolag tpas téoov thg Yeguongaciog 1ol Gégog, Boov xai Tiic Hhaxig doa-
ommeuétnros. Téhog dvrl tiig ovviidoug oranotixiic uedédov Eyonoipomorioapey
v uédodov tijs pacparixiig dvatiosws y00vVOoELODY.

Ta moglopara tijg véag raving gevvng dvvavtor vo cuvoytod@dotv (g Gxo-

“hovdoc :

1) ‘H gaoparixy dvdlvolrg droxalinter otatiotinds onmaviindg ovoyeti-
oeig peraky t@v dvo peraPintdv elg Padudv dumorootving 95 %, Srav 1) dagopd
@doewg avrdv elvar 8 ) 14 Em, dnladly 11 Ewn xard péoov Hoov, Stav dvil todv



SYNEAPIA THE 30 IANOYAPIOY 1975 129

gtnolowv tudv Aaufdvouey tag uéoag Tuudg xotd Nitaxov xvxkov, dnwg éngdta-
uev €ig v mEO einocactiag Foevvav Hudv.

2) “H ovoyériorg petald tdv Brnotwv deopuoxoacidv tod Gégog %atd Tl
NAootdota glvor modv peyalvtéoa xoatd ta tolo modta Ftn uerd t0 uéyiotov Tijg
Nhwoxfls doastnoidrnrog, »al Ert peyakvtéoa, Stav Feweduey udvov tovg NnelQm-
txovs otadpovg, ol Gmoior magovoidlovy dgvntixny ovoyétioly ué cuvieleotnv
ovoyetioemg tiic tdEeme tov 99 % xal

3) ‘H mogela tiic diapogds t@v Feouongacidv sig v megroxlv t@v thio-
otaoctov xata fluaxov xixdov eivan évieddg dviiotgogog peraby tdv yegoaiwv
%ol magoriov ctadpudv.

Ot dua tiig véag tavtng Bosdvng, Titig éyévero émi véag Bdotwg xal Sud thg

’ ’ FY 3 ’ 2 ~ a4 €8 \ \
yronopomownoewe véag axolfectéoag uedddov, EmPefarovron G’ Evog uEv to
’ 3 & -~ € ~ ~ ’ ;- S Bk \ -] ’
neplegyov EEaydpevov tiig evdexaerolg dagogds qdoewe, dg’ £régov 8¢ dmoxaiv-
mroviar xal véar Guoun ovoyetiosig, nadwg xal megrodixdrnreg Pooyelag megrédov,

netaby Nhaxiis doactnoiétnrog »ai deguoxpaciog Tol dégog xatd ta MAoctdora.
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