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SUMMARY

In the first part of this paper (1-3) we study the mean monthly air
temperatures during the successive sunspot cycles in 6 stations of Central
and Northwest Europe.

Based upon the ohservation data we study the variations from one
11- year period of solar activity to the next of the following:

a} The difference T, — T, between the mean temperatures of the 4
warmer {May - August) and the 4 colder (Novetnber-February) months of
the year.

b) The differences R="TT — T and R'=T — T,  between the mean
temperatures of the months July - January and June « December.

¢) The difference T't_q —']‘L_q between the mean temperatures of the

months of the equinoxes, T7eq = (T, +T,,), Teq =5 (T, +7T,) .

Q) The quantities R — R’ and X=(T";q — Teq) ——;- (R —R).

All the above differences are expressed in terms of the 6 constants
A, C, V, P, e, W, each of which has a special physical signification. By the
same constants are also expressed the corresponding mean monthly air
temperatures T, ,i=1,2,..12

In the second part (4- 7} we show that only the constants e, P and their
fnnctions e, = APe and Q,— A(P—1) present a correlation with the mean
annual sunspot numbers N, if the time scale corresponding to e, and Q, is
shifted a whole period to the left. Then we show that:

1) There exists a close correlation between the mean annual sunspot
number N and the average X of the valucs of X corresponding to 13 stations
of Europe and Near East, if the time scale corresponding to X is shifted a
whole period to the left.

2} There exists a close correlation between N and the average X of the
values of X corresponding to 13 stations of the United States.

8) The values of X and T’y — T.q for Europe and the United States
show a phase difference amounting to one 11- year period.
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OEPIAHYI1X

Eic to mpdrov pépog tiic mogotone (1-3) pelet@vior ai péom pnviaiarl feg-
poxpacior 8 otadudv tis Kevipuxfis xai Bopewdutxiic Edpwane al dvuiorowyoicar
el Bradoyinag mepLédovg tiig Hrraxnfc dpdoenc.

Tdurtépuws peletavior ol perafoiai and mepuwddou elg meplodov tijg Nliaxig
dpdoews tv xdroth peveldiv:

a) Tig dwagopis Ty, — T_ thv péowv eguoxpaoty tav 4 Feppotépov (Mdiog-
Aliyovorog) xal v 4 yuyootigwy {(Noéuforog - Cefpovapioc) unvayv tob Etovs.

By Tov dwegopirv R = T, —T, xoi R'=T, — T tdry Begpoxeaoiiy wiv
punvav ‘lTovdiov - Tavovagiov xai "lovviov - Aexepfpiov.

v) Tiig Suagopdg T'eq — Teq v pfowy epuoxgaoidy THHY unvdv Tdv lonpe-

_ — 1 1
puay, T'g, :7(1:‘9 +T.)> TE,q = (T, + T,).
8) Tav nocoritoy R — R’ xai X=(T", — Teq)—%(R——R').

“Qha td peyédy tadto Ezgodtoviar ouvoptioe 6 otudepiv A, C, V, P, e, W,
Exdotn tdv omolwy Exey Ldlav guolly anpaciav. Zuvapriotr v abidy orabepmy
gugpiaoveier émiong xel ol péoar pnvieian Segpocgacion T, , i=1, 2, .. 12,

Eig 16 8edtegov pégog (4-7) dmodewvierol xut dpynv OtL #x tdv dvotégn
6 otolegdv povov al otadepai e xau P xai ai ovvapuioeg adrdv e, = APe xai

= A (P--1) ouoyetitovrar n¢ toc dvuotoiyove péosac £mmoiag tipdc N tol oyete

o ¢ ! 5 : c & c ;
. S - L oes o s . e as = s el s .
100 apulpod tdhv xniidwy xei O povov épdoov ) xiipoE ob yedvov elg Nv dvoge-
poviaw il e, wei Q peraredi) xara plov meplodov mpd; 1t deistega év oyéoel mpdg
v ®A{paxe 100 ypévou i dvistoryobouy elg 1a N. Katdmy tovtou Seunvietas 61u;

Sy e ’ . . . - . 2 . - : It =

i) ‘Yadpyer otevl) ouoyénowg petalu 1ol pésov éinaiov oyeuxod apipot N
@Y #xnhidwyv xai tob péaov fpov X t@v wydy ot X @y dviwotorgovodv elg 13
arattuovg tig Edgoinng #al tfigc 'Eyylic *Avutodng, épdooy 1) xiipal tob ygpovov eic
Ny dvagegoviar 1d X peraretiy xatd pilay negiodov mpds va dootepa év oyfael apode
v xhipaxe 1ol ypdvov v dviiotoiyotoay el e N.

2) “Yrdoyer énlong oteviy ovoyéuoic petabd b N xal 1ob péoov Spov X 10v

- 5 g - o e ) .
tpdy 1ol X 1@y dviotorgoveav eig 13 orathpovg tiv ‘Hvopévov [Hokiteidv.

3) Aldveiotorgor tipai 1@v X xel T, — Ty Sd myv Edgdnny %ol 16g "Hvo-
uévag [loditelag nagovarafouv piav Bagopdv pooewg Gvepyopdvny eig plav meplo-
Bov tiig filranfic Bpaocwe.

RESUME

Dans la premiére partie de l'ouvrage (1 - 3) sont étudiées les températures
moyennes mensuelles de Vair durant les cycles successifs de Pactivité solaire
en 6 stations de 'Europe Centrale et du Nord - Ouest.

Sont étudiées notamment les variations d’une période a lautre de l'acti
vité solaire des guantités suivantes:

a) De la différence T, — T, des températures moyennes des 4 mois les
plus chauds de 'année (Mai & Aoiit) et des 4 mois les plus froids (Novembre
a Février).
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b) Des différeneces R=T — T et R'=T, T  des températures
moyennes mensuelles des mois Juillet- fanvier et Juin- Décembre.

¢) De la différence T, — T, des températures moyennes des mois d’é-
quiI‘IOXES, T"‘Cl :':T(Ts + Tm) ’ Tﬁ‘q = %(Tﬂ + T4)-

d) Des quantités R — R’ et X = (T’ — Tyq) —%(R — R,

Toutes ces quantités sont exprimées eu fonction des 6 constantes
A, C, V, P, e, W, qui ont chaeune une signification physiquc spéeiale. Eu fon-
ction des mémes constantes s’exprimnent également les températures moyennes
mensuelles eorrespondantes T, ,i=1,2,.. 12.

Dans la seconde partie (4-7) de l'onvrage constatation est faite que
seules les constantes e, P ainsi que leurs fonctions e, —APe et Q,=a(P-1)
présentent une corrélation avec le nombre moyen annuel N des taches solaires,
lorsque I’écbelle du temps pour e et O, est déplacée d'une période vers la

gauche par rapport & celle des N. Dofl, I'on peut tirer les conséquences sui-
vantes vérifiées par les observations:

1) 1l existe nne haute corrélation entre N et X, ot X est la valenr
inoyenne de la quantité X qui eorrespond & 13 stations de I'Europe et du
Proche - Orient. I’éehelle du temps pour X est déplaeée anssi dmne période
vers la gaueche par rapport a eelle des N.

2) 11 existe aussi une haute eorrélation entre N et X, olt X est Ia valeur
moyenne de X qui eorrespond a 13 stations des Rtats - Unis.

3) Les valeurs des gnantités X e:t ﬁ— Teq qui eorrespondent anx sta-
tions en question de ’Enrope et des Ltats- Unis présentent une différenee de
phase s’élevant i une période entiére.

ZUSAMMENFASSUNG

In dem ersten Absehnitt dieser Arbeit (1-3) werden die den aufeinan-
der folgenden Sonnenfleckenzyklen entsprechenden Monatsmittel der Lufttem-
peratur in 6 Stationen Zentral- nnd Nordwesteuropas untersueht.

Itn besonderen werden die Anderungen von einem Sonneufleekenzyklus
zu dem anderen der folgenden Gréssen behandelt:

a) Der Differenz T, — T_. der Mitteltemperaturen der 4 wirmeren (Mai-
August) und 4 kilteren (November - Februar) Monate des Jahres.

b) Der Differenzen R=T, — T und R"=7T_ ~'T  der Mitteltemmperatu-
ren der Monate Juli- Jannar und Juni- Dezember,

¢) Der Differenz T"q —Teq der Mitteltemperaturen der Monate der

Aquinoktien, Teq=- (T,+T,) , Teq =~ (T,+T).

d) Der Quantititen R — R’ und X=(T';q — T) — + (R — R).

Alle diese Gréssen werden als Funktionen von 6 Konstanten A, C, V, P,
e, W, deren jede eine eigene physikalische Bedeutnng hat, ausgedriickt. Als

Funktionen derselben Konstanten werden aueh die entsprechenden Monatsmit-
teltemperaturen 1,  i=1, 2,.. 12, ausgedritekt.

In dem zweiten Abschnitt (4-T) wird erstens gezeigt, dass von den obi-
gen 6 Konstanten nur die Konstanten e und P und ikre Funktiouen e, — APe
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und Q, = A(P — 1) mit den entsprechenden Jahresinitteln N der Sonnen-
fleekenrelativzahlen korrelieren und zwar nur, wenn der Masstab der Zeit fiir
€, Qo um eine ganze 11 - Jihrige Sonnenfieekenperiode naeh links verseho-
ben wird.

Zweitens werden die folgenden gezeigt:

1) Es gibt eine enge Korrelation zwischen den den aufeinander folgenden
Sonnenfleckenzyklen entspreehenden Jahresmitteln N der Sonnenfleekenrela-
tivzahlen und den entsprechenden Mittelwerten X der Quantitit X fiir 13 Sta-

tionen von Europa und dem Nahen Osten, wenn der Masstab der Zeit fiir X
um eine ganze 11 - jihrige Periode nach links verschoben wird.

2) Hs gibt eine enge Korrelation zwischen N und den Mittelwerten X der
Quantitit X fiir 13 Stationen der Vercinigten Staaten Amerikas.

3) Die entsprechenden Werte der Quantititen X und T'.q — Teq Europas

und der Vereinigten Staaten, zeigen eine Phasendiiferenz wvon einer ganzen
11 - jahrigen Sonnenfleckenperiode.

1. TINTRODUCTION

-

In a previous paper {1953) we found the following relations :

(11 5 (T, + Ty.)=A+ Csin (L— V)

Tos P
2] T, 1—e cos (L,—W)
i=12..86
where T, and T, ;, i=1, 2,...6, represent the mean monthly air

temperatures in absolute degrees, during the successive sunspot
cycles *, L, the longitude of the Sun corresponding to the middle of
each of the months January, February,.... June, and A,C,P, ¢, V,W,
six constants determined by the observation data.

A theoretical justification of relations |1} and [2] was given
(Xanthakis, 1952) for the case in which T, and T ; | represent the meau
monthly temperatures of the Earth’s surface, the Earth being consi-
dered without atmosphere.

* Each cycle begins at the vear following that in which the minimum
of the annual sunspot number occurs, and ends at the year of the next mi-
nimum.
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From the above two relations we can easily get the following
expressions of the mean monthly air temperatures (Xanthakis, 1953):

3] T, = P_‘_I[AJrCsm(L —W]- [P P_Hcos(L —W)—

(P+nﬂ cos? (I — W)]

Bl Ty — prg[A+Csin (L, —W)] [ L ppeos (La—W) -

= 2
-+ BTy oS L, — W)]

As was shown by Mavridis (1954a, b) relations [3] and [4] re-
present the observed mean monthly air temperatures corresponding
to successive sunspot cycles, with the same approximation as that
given by the corresponding development of harmonic analysis.

2. DETERMINATION OF THE CONSTANTS
AND THEIR PHYSICAL MEANING

Constants P, e, W of the ellipse [2] can be determined from the
system :

T

1
Tia; P

~£cos(Li—W) i=1,2,..6

by the method of least squares. To facilitate calculations we put:
L=L, +v i=1,2,..6

The values of L, and y, are given in Table I for each period of solar
activity (Mavridis, 1954 b).

Constants A, C, V can also be determined from system [1] by the
method of least sguares (Mavridis, 1954 b).

However, we can also determine these constants in the following
way, which practically leads us to the same values,

Subtracting each equation from the next in the system [l] we
obtain :
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(T,‘ - T1)+ (Tn Tu) =4 C cos

(T T:) + (Tw Tu =4 C cos

2

(T, = T) = (T, ~T, ) =4 C cos

(
gV
(T, = Ty) - (T, =T') = 4 C cos ("2 ™ V) sin L (L,- L)
(
(

2
Lot Ts V) sin -12— (Lg— L)
)s

L5+IH V

(T, — T4 (T, - T, )=4C cos 5

or, considering Table I, we have approximately :
(T, - T,) (T, —T,)=4 Csin 15° cos [(V — 11°)  60°]
(Ty —T,) 4 (T, ~ T,,) =4 C sin 15° cos |(V — 11°) 4 30°]
18] (T, — T+ (T, —T,,) =4 Csin 15° cos |(V = 117)]
(T —T)+ (T, =T,)=4 Csin 15° cos [(V — 11°) -— 30°]
(T, — Ty 4 (T, =T, )=4 Csin 15° cos [(V — 11°) — 60°|

by putting :
fo=1(Ty - Ty) +(Ty, = T} - (T, = T) -+ (T, - T.)
f,=(Ty =T+ (Ty —T)+ (T, = T) -+ (T, - T
g=(T, =T,) (T, - T,)

and taking into account equations [B] we get :

f,—f, =4 (14 v&) C sin 15° sin (V — 11°)

6] . e 0
g =4 C sin 15° cos (V — 117)
oy 1_ fz_fl

Relations [6] and [7] permit the calculation of the angle V in terms of
the differences of the mean monthly air temperatures of the successive

months.
From system [l] we can easily obtain the values of C and A
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TABLE I

Feriods L, ¥ Va ¥ ¥ ¥s Yu

I 1776 - 1784 | 296° 2b'| 0° [30°37| BY® 42 | 8y° 44" | 119° 17" | 148° 30
I 1785-1798 | » 81 » » » » e > > » » »
IIT 1799-1810 [ 2895 37 | = 2 » » 44 » 48 = 23 » 36
IV 1811-1823 { » 41 » » > > = »  » » » » »
Vo 1824- 1833 = 4T s » » > s > » » » a »
VI 1834-1843 > D0 | » » » > > » » » » »
VII 1844 - 1856 = BT » > > » » » » » >
VIII 1857-186G7 | 296 3 > > » P > » » » > >
IX 1868-1878 > 8

X 1879-1889 » 12 * > » 2w » o » * » »
XI 1890-1901 > 17 * > o > » o2 » » » »
XII 1902-1913 | 295 21 » = 4 [ » 47 = 53 » 29 » 43
XIIT 1994-19283 | » 27 » > » > > o» > » » »
XIV 1924 -1933 » 32 > » x > » » » > » >
XV O1934-1944 > 36| » > s > a » > » > »

as well :

8] C=--25 [Sit'r ~lLT] sec (V - 11°)
Va + Vi Apr, Oct.

12 — _
9] A= 23y + Y2V Coin(V-119)=T0}0,644Csin (V-11°)
1

G

Sept. .
where ¥ 7 is the sum of the mean monthly air temperatures of the
APT. Mar.

months April ..... September, ZT thesum of the mean monthly air
Oct,

temperatures of the months October . . .. March and T’ the mean annual

temperature corresponding to each of the time intervals considered.
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By putting :
;_ {Ts +T1) :Tgol ) % (T11+T1) :T'gnl

"-;_' (T, +T)= ch ’ }T {Ty + Ty =T

©q

where T T | represent respectively the mean temperatures at the

sol ? sol

vicinity of the solstices (June, July - December, January) and 'I‘eq , T"Eq
the mean temperatures at the vicinity of the equinoxes (March, April -

September, October) we get :

l]()] % (fz = fl) = (ngl + T'sul) - (Teq +T'Eq)
1 P
v §=T -T,

[~

Thus, relation [7] beconies :
N1 g (V11 = [(T, +17,,) — (T, + T 0] (T — T,

Table I gives the values of the constants A,C,P,e,V and W for
each sunspot cycle for the following stations:

1) Vienna 1776-1944 4) Copenhagen 1799 1944
2) Prague 1776-1%44 5) Oslo 1824 - 1944
3} Berlin 1776-1933 8) Bergen 1824 - 1944

Tlie values of the mean monthly air temperatures for Prague were
taken from Hlavad (1840) and Schindler (1948); those for the other sta-
tions from “World Weather Records™ (Clayton, 1634, 1944, 1947).
From relations |8], [9] and [11] we can see immediately the phys-
ical meaning of the constauts A,C and V. Thus, when the phase
angle V takes values near the value V=11° the constant A differs
only slightly from the mean annnal temperature corresponding to the
same sunspot cycle. In Central Europe and especially in Vienna, where
mostly V {11° (see Table II) the constant A takes values slightly smal-
ler than those of the mean annual temperature T' . In Northwest Fu-

rope ou the contrary (Copenhagen, Oslo, Bergen), where V) 11° in
general, constant A takes values greater than the mean annual tempe-
rature. However, owing to the fact that the temperature is expressed
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in absolute degrees, the relative variation of this constant from
period to period is very small, not exceeding the 0.7 per cent of its
mean value,

Constant C, as is shown by relation [8], depends on the difference
of the mean temperatures of the six warmer (April to September) and
the six colder (October to March) months of the year. We must no-
tice here the continuous decrease of this constant in Central Europe
(Vienna, Prague, Berlin) and especially its sudden decrease during the
period 1902 - 13 (see Table II).

2_
14 -t®

TEI0 28 6 & =2 e a7
ppoﬁd’a
o B

o

-2

v-72°

NS 3
N

6§ 8 0 1z 10
A
o0

Fig. 1. Values of the differences (T, -+ T ) — (Teq + 'I"eq) and V- 11° for
Vienna [open civeles), Prague (crosses), Berlin [triangles) and Copenhagen (poinis).

Finally the phase angle V plays a special role in the distribu-
tion of the mean temperatures at the vicinity of the solstices and the
equinoxes. In fact, as in all the six considered stations we have
T, — T > O, it follows from relation [11] that :

if V=11° H Tsol + ’1"301 = Teq + T‘Eq
» v < 1]0 [ Tsol + T'sol < Teq + T'eq
» \ 11° Tsol + T’sol ) Teq + T'eq

Thus, in the three stations of Northwest Europe {Copenhagen, Oslo,
Bergen) where V) 11° we have for all the periods considered :

Tso] + T'sol > Teq + T’cq

whereas in Central Kurope and specially in Vienna and Prague we
generally have the reverse (see Fig. 1),
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Of special interest are the variations of P, e and W on which the
differences between the seasonal temperatures depend. From these three
constants the two former represent the parameter and the eccentricity
of the eilipse [2], whereas W plays a role similar to that of V. In fact,
if we call:

T :_;— (T1+T2+’I‘B) 3 Tsprz_.; (T"+T5+Tﬂ)

win

T, - _;(T1+T8+TB) ' Taut: ;1),_ (T10+T11+’Fn}

sum

we can easily show that:

if W:]IO ' T +Twin:Taut+Tap or 'I\ _Tpr:Taut_Twin

sum r S L]

> W (11° T, T, (T HT » Ty — T, (T T

sum win M T aut sum spr aut win

» W 11°, T Tl ? T+ Toe » Too— T Touo =T

sum SU1M1 s5pr win
where,
T, represents the mean temperature of winter
Toor » » » » » spring
T » » » » » Summer

aut » » » » » auntumn

Thus, during the period 182.1- 1833 we have:
Vienna Prague Berlin Copenh. Oslo Bergen
W—11° —22°.3 —21°9 —22°2 -7°2 —2°2 +3°7
(Towmt Twin) = {Taue Tyt — 1°.04 — 1°.33 —1°.72 —0°.96 — 0°.03 +0°.66C

Whereas during the period 1914-1923 is:
Vienna Prague Berlin Copenh. Oslo Bergen
W—11° +7°.6 +6°9 4-9°.5 -+4°8 +5°9 +1H6°4
(ToumTain) - (Tant Tape) 4- 1017 +1°20 +1°28 +0°93 40°.83 +1°.73C
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3. VARIATIONS OF CERTAIN CHARACTERISTIC TEMPERATURE
DIFFERENCES FROM PERIOD TO PERIOD OF SOLAR ACTIVITY

3.1. Difference belween the mean (emperalures of the 4 warmer and
the 4 colder months of the year. Let T be the average ol the mean

monthly air temperatures of the months May, June, Julv, August and
T', that of the months November, December, January and February i.e.:

T, :}{Tb + T, + T, +T)

2 :
Tc '_;T(Tn + le + T1 + Tx)

From relation [1] we can easily find that:
[13] T, — T, = 1.67 Ccos(V—11°)
Since the factor cos{V — 11°) varies slightly from cycle to cycle, it

follows from [13| that the difference T, — T, varies proportionally to
the constant C.

18 \V/\OAW = w Copenhagen
o' \ Bearlin

o Mm@w
@ 0\/\‘—_\_\_,\,\\-/’,‘ Vienna

1 I L I : L . 2 1 x 1 1 2
1776 &5 s 15 2L 34 LL 57 68 79 90 Q07 4 24 34
8s 98 W0 23 33 a1 36 &7 78 89 BN I3 23 33 44

Fig. 2. Values of the difference T, — T_ for the successive sunspot cycles. The open
etrcles represent the values of this difference given by the observalions, and the
conlinuous line the caleulaled ones.

In Fig. 2 the open circles represent the values of the difference
T, — T, given by the observations, whereas the continuous lines
represent the values of this difference given by relation [13]. A no-
ticeable decrease of this difference in Central Europe is clearly seen,a
fact already noticed by other investigators too.
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Fig. 3 represents the values of the difference T, — T, for Central
England. The values of the temperatures for this region were taken
from the Table of Prof. G. Manley (1953).

R e S ot
- - -

S

L N L Lo L L L L . . L L A L
B39 17y 2y 3% w5 EF6 47 785 g N 22 3L 44 57 65 20 9F MO 14 24 34
1 R 5 G5 B T e 23 33 44 S ol S Qo ear 223 33 a4

Vig. 3, Observed values of the difference T\ — T, for Central England (lhe values

of the mean monihly air temperalures were taken from the Table of Prof. G. Manley).

The general march of the difference T, — T_ in Central Europe, as
well as in Central England, leads one to suspect that probably this
difference has a long period variation, whose last maximum took place
during the period 1776-1784 and the last minimnm during the period
1902 - 1913.

3. 2. Difference befween the mean femperatures al the vicinity of
the equinores. As the parameter P of the ellipse |2| takes values dif-
fering slightly from the unit (see Table I} we can approximately put

P+1 22 in relations [3] and |4] and omit at the same time the square
of the eccentricity e. Thus we have:
T,== A —;APecos(l,,—W)+ C sin(L,—V)—
—+SiCPe sin (L, — V) cos (L, — W)
T, =AP + APe cos(L;— W)+ CP sin (L, — V) +
+ 4 CPe sin (L, — V) cos (L, — W)
i=1,2,.6
If we take the principal terms* only, we have finally :
[14] T, = A — 5 APecos{lL,— W)+ C sin (L,— V)
[15] 7T, ,=AP+5 APecos(L,— W)+ CPsin (I,—V)

i=1,2,..6

¥ The coefficient El-C P e is of the order Q0.1 C.
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From these relations we get, for 1=3 and i=4:
T, 4T, =2 A — APe[cos (L,~ W)-l-cos (L, - W)] 4
+ C [sin{L,—V)+sin{(L,~V}]

T, +T,=2AP+ 5 AP elcos{L,— W) cos (L, -~ W)| +
4 C P [sin (Ly— V) -t sin (L, — V)]

But :
cos (L,— W) +cos(l,,-W)= 2 cos 15° cos(W—-11")=
= 1932 cos (W-11°)
sin (L, — V}+sin (L, - V) 2—2c0s15° 5in (V— 11} =
==-—1.932 sin (V — 11°)
Consequently :
T (T T)=T,, == A —0.483APecos (W-11°) —
—0.483 C sin (V-11°)
3 (T T =1, =AP--0.483A Pecos (W~ 11°) —
-—0.483 CPsin (V- 11°)
Therefore :

T g — T, =A (P~1)1+0.966 AP e cos {W—11°) —
—0.483 C (P—1) sin (V—-11°)
ot, neglecting the last term **
[16] T'EquTrq:Qo-{-O.%G e, cos (W=11°%
where
7 Q,=AP-1
18] e, =APe

* The coefficient 0.483 C{P — 1) is of the order 07 (2 C.
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3.3. Difference between the mean temperatures of the months July-
January and June - December. From relations [14] and [15] we have for
i=landi=6:

T,—T,=A{P-1)-+ l;APe [cos (L, — W)+ cos (L, — W}] -+
+ C|P sin {I,,— V) —sin (L, — V)]

T,—T,—A (1-P)— L APe [cos (L,~ W) - cos (L, - W)]+
- C Isin (L., — V) — P sin (L, — V)]

but:

cos (L,— W)-Fcos(L,—W) = 2sin 15° cos (W —11°) =
— 0.259 cos (W — 11°)

sin (L, — V)— sin (L, — V) = 2cos15°cos (V — 11°) =
= 1.932 cos (V—-11°)

hence, taking into account relations [17] and [18] we get:

[19] R="T, T, = Q, -+ 1.932Ccos(V—11°)--0.259 e_cos (W-11°)
[20] R'=T,—T,—=—0Q, + 1.982Ccos(V—11°—0.259 e_cos (W—11°)

Relation [19] shows that the difference between the mean temperatures
of themonths July - January, which usually represents the annual range
R of the temperature, depends on Q_, Cand e,. However, owing to the

fact that the coefficient of e is small, the variations of the annual

range must have, on the whole, the characteristics of the variations
of the constant C and the parameter P [because Q,= A (P ~1}].
Thus in Vienna, Prague and DBerlin, where constant C shows a
continuous decrease, the annual range R will also show a systeinatic
decrease, with sudden rise, however, during the periods 1799-1810,
1824-1833 and 1890-1901, when the parameter P assumes high values
(see Table 1I), and the quantity ()_its greatest positive values.

This is clearly shown in Fig. 4 where the open circles represent
the observed values of the mean annual range R for each period of
solar activity, and the continuous line those calculated by relation |19].
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Analogous results we have for the difference between the mean temper-
atures of the months June- December, R'="T, ~ T,,, which represents
the *““theoretical annual range” of the temperature: that is, in this case

@ \ . » BERUN

) CI
@ \ A /\ //\ Pl PRAGUE
~

N T
<~

i N L - L L L
1775 AsS 99 8 24 3o Lk £7 &8 ™ [0 o7 K 24 34
84 28 | £3 33 43 58 =74 8 8y i9ar 3 23 33 s

Fig. 4. Values of the difference R ="T; - T, for the successive sunspot cycles, The
open rircles represent the values of R given by the observations and the continuous
line those calculaled by relation [19].

too, we shall have a systematic decrease of the difference T, —'T,, until

the period 1914 - 1923 for the three stations of Central Furope, But here

the influence of Q_ will be opposite to that in the previous case of T, —'T,.
From [19] and [20] we get:

[21] R—R'=2Q, 10518 e_ cos (W —11°)

From this relation we deduce that the variations of this difference from
one period of solar activity to the next will mainly show the character-
istics of the variations of Q, that is of the parameter P.

3.4. The range X. Combiniug relations [16] and [21] we get:
[22] X={(T" -T,}— ;(R-R)=071¢ cos{W~—11°)
But,
(T'cq - Teq] - —;,' (R - R') = ';' ['.Ta - Td) "}' (Tm - Ts)] -
- 1? [(T7 - TB) —f— (Tl‘z - Tl)]

heunce, quantity X represents the range of the variation of the difference
T, ;-T,1=1,2,...6 (see Fig. b}.

13 -1
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From relation [22] we deduce that, the range X depends mainly
on ¢, becanse cos (W — 11°) changes slightly from period to period.

[o]

7lec

5.
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PN Rl N
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) H ! : T

i [ : ' : . o

7 W : : ; PN
; : ! : S
7 2 3 4 5 6

Fig, 5. Values of the difference T, g, -

-

,i=1,2,...6 for Vienna (1934 - 44).

4. THE SUNSPOT NUMBER AND THE ELEMENTS
OF THE TEMPERATURE ELLIPSE [2]

In a previous paper (1953) we pointed out that the ecceatricity e
and the parameter P of the ellipse [2] are correlated with the annual
sunspot number. Thus, during the 4 periods with high mean annual
sunspot number, the values of thie eccentricity e corresponding to Vienna,
Rome, Copenhagen and Bergen are great, and those of the parameter
P are small. The opposite takes place during the following 3 periods
with low mean annual sunspot number. An analogous correlation is
observed for the quantities e, and Q which depend on e and P.

Now a more detailed investigation shows that, the variations
of e, and especially those of the average of its values corresponding to
numerous stations of Central and Northwest Europe, follow in an im-
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pressive way the variations of the mean annual sunspot number N
corresponding to the successive sunspot cycles,

The strangeness of this phenomenon lies in the fact that for the
six considered stations the origin of the time scale corresponding fo e,
is shifled a whole period lo the left of the origin of the time scale corres-
ponding lo the mean annual sunspof number N, Thus, the values of ¢,
for the period 1914-1923 are correlated with that of N corresponding
to the pertod 1902-1913 immediately before.

As regards Q,, its variations from period to period are opposite to
the variations of the mean annual sunspot number N. In this case also,
the above mentioned shift of the origin of the time scale holds.

Time scale for Eo

(T o X i X R KIY X¥e KVE
' Ir‘l"r i r ‘? ys { [} [ ] [] i 1 | ')

Iy
I -
g o
]
3 3
2 B §
B =~
.3 D
E =
3
$ -2
-7
0o -
- 1 1 1 1 1 (] 1 1 1 1 1 1 1 i -0
° L 1 & i d 13 14 Y L w X r.a At xgt v Xy
Fime scale for M
Fig. 6. Variations of N and e from period to period.
N= continuous line
o —~——aoValues of e, for Vienna o ...a Values of e, for Copenhagen
A———a » > » » Prague A...a > » » « QOslo
X———X » > > » Berlin X...X > > 3 » Bergen

(The origin of the ftime scale for e, is shifted a whole period lo the left).

These results are shown in Fig. 6 where the continuous line repre-
sents the values of the mean annual sunspot number N for each period
{Stetson, 1947) {see Table ITI) and the broken lines represent the values
of e in each of the six stations of Central and Northwest Europe re-
spectively. The origin of the time scale of e, is shifted a whole period
to the left as regards the origin of the time scale of N.
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TABLE III

Values of the mean annual sunspot nuinber for the successive periods
of solar activity

Periods N Periods N Periods N

I 1776- 1784 | 686 | VI 1834-1843 | 654 | XI 1890-1901 | 385
IT 1785-1798 | 60.0 | VII 1844- 1856 | 53.2 | XII  1902-1913 | 310
IT1 1799-1810 | 23.5 | VIII 1B57-1867 | 49.9 | XIUII 19141923 | 446
Iv 1811-1823 | 182 [ IX 1868 - 1878 | 5662 | XIV  1924-1933 | 41.0
\% 18241833 | 395 | X 1879-1889 | 348 | XV 1934 - 1944 [ 564

b, THE ANNUAL SUNSPOT NUMBER AND RANGE X

If the above correlation between e, Q_ and N is real, then one

might expect a corresponding relationship between N and the mean
monthly air temperatures, not only in the six considered stations, but
also in many others situated in various regions of the temperate zones,

However, as the mean monthly air temperatures themselves do
not depend solely on e and P, but also on other constants, one must
not expect an obvious relationship between the variations of the mean
monthly air temperatures and those of solar activity expressed by the
mean annual sunspot number, because the influence on the mean monthly
temperatures of the variations of e and P from one period to the next,
is screened out by the variations of the other constants, which do not
show any correlation with N, The same liolds for the differcnce T,-T,
between the mean temperatures of the 4 warmer and the 4 colder months
of the year, which is independent of e, and Q_ (see rel. 13), as well as
for the annual range R =='T,—T,. Only for the quantities AR = R—R"'
and X, whicli depend respectively on Q, and e, (see rel. 21 and 22) one
might expect to find an aunalogous relationship,

Tor this purpose we considered at first 13 stations in Europe and
the Near East which have relatively long series of thermometrical ohser-
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vations and from their data we calculated the values of AR and X, by
using relations:

AR=R—R'= (T:_T1) - (Ts_Tm) = (Ti_"Ts) + (Tu - T1)

X= %’ [(T9+T10)_(T5+T4)] - % AR

where T,, i=1, 2,... 12, represent the mean monthly air temperatures

for each period of solar activity.
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Fig. 7. Correlation between N — N and X—X, for 13 stations in Kurope and

the Near East. N is the average of the values of N for the periods I to XV, and

X, is the average of the valuesof X in each station. (The origin of lhe lime scale
for the difference X — X is shifted a whole period to the left).

The numerical results of these calculations are given in Tables IV
and V. In the last column of these Tables are given for each period
the averages X and AR of the values of X and AR corresponding to
the 13 stations considered, whereas their last line gives for each sta-
tion the averages X, and AR_ of the values of X and AR correspond-
ing to all the periods considered here,

A comparison of the values of X and AR with those of N given by
Table III shows, in fact, a more or less higb correlation between these
quarntities (see ‘T'able VI and Fig. 7 and B), when the ortgin of the time
scale for X and AR is shifted a whole period lo the left of the origin
of the time scale of the sunspots; that is if we correlale the values of N
corresponding to the period 1 (1776 - 84) with those of X and AR cor-
responding to the period IT (1785 - 98) ele.
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This correlation becomes closer if, instead of taking X in each

station separately, we consider the average X which corresponds to as
many stations of a large area as possible,

TABLE VI

Correlation coefficient between X and N
Cor. Coef. Cor. Coel.
Stations Pericds T Stations Periods r
X.N X, N

Vienna II-XV [0.761+0.04 | Oslo V-XV |0THL£005
Prague II- XV | 0.81 £+ 0.4 | Bergen V-XV |0.67T+0086
Berlin II- XIV | 0.81 £ 0.04 | Trondheim I1-XV 048 +0.09
Vilna I1-XIV | 0.78 £ 0.04 | Rome IV-XV |056+0.08
Copenhagen | [II-XV | 058 10.08

In Fig. 9 the continuous line represents the values of N—N

wlere N is the average of the values of N for the periods I to XV, and
the open circles the values of X —_)Em for 13 stations in Europe and
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Fig. 8. Correlation belween N — N and AR, — AR fopen circles) for 13 stations in

Europe and the Near East. N is the average of N for the periods I to XV and AR,
is the average of AR in each slation. The origin of lhe time scale for AR — AR
ts shifted a whole period to the left.
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the Near East, im is the average of the values of X given in the last
column of the Table IV. As in Fig. 6, thus here again the origin of the
time scale for i—im is shifted a whole period to the left. Over the
open circles is written the number of stations to which the average X

Time scale for #-F

t " w L ] v XX X K X xiv
[ i 1 1 [ ' ] ' t | ] ] 1 1
30 -

“Loo+

20 - - .80

-~ .80
' [}
I

valves of ¥-N
£ 8 38 o &
! ! 1
|
by
Valvas of X-Xm

1 1
Xiv Xy

) 1 U ) J t T ] 1 i L
"o 14 ' L/ V. 7 I g X X X K
Fime scale for X-Xn

Fig. 9. Values of N — N (continuous line) and X — fm [open cireles) for 13 stalions

in Europe and the Near East, where }?m is the average of X for the periods

IT fo XV, Ower the open circles is written the number of stations (o which the

average X corresponds. The origin of the lime scale for X - ;(m is shifled a whole
perivd 1o the left

corresponds. With the exception of the period VIII/VI1] during which
we have a disagreement mainly in the stations of Northwest Furope,

for all the other periods there exists a close correlation between X and
N, the correlation coefficient being L = 0,91 £ 0.02.

6. EXTENSION OF THE ABOVE INVESTIGATIONS TO 13 STATIONS
IN THE UNITED STATES AND 9 STATIONS
IN THE SOUTHERN HEMISPHERE

As the above stated relationship between X and N is obviously
of special interest, we have tried to extend this research to other re-
gions of the northern and southern temperate zone, For this purpose
we considered 9 stations in the southern hemisphere having the rela-
tively long series of thermometrical observations contained in “*World
Weather Records” (Clayton, 1934, 1944, 1947).
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Apart from the above Kuropean stations we considered also 13
stations in the northern hemisphere distributed all over the United
States and in various altitudes. Tables VII and VIII give for each
period the values of X and AR of these stations and also the averages

X and AR corresponding to all the stations considered. In Table IX
are given the values of X and X corresponding to the 9 stations in
the southern hemisphere.

The observation data for these areas show that:

a) The values of X corresponding to the 13 stations inthe United
States show a close correlation with the values of N, for all the periods
from V to XIV, the correlation coefficient Leing r_ = 0.89 £ 0.02.

XN
L) In contrast to the Huropean region no phase difference cxists

between X and N in the United States.

+32~

Values of /-

v \{ Vi vy lx x Xt Xt Xl XV XY xvi

Fig. 10. Values of N — N [eontinuous line) and X — X, [open circles) for 13
stations in the United States, where ?(m is the average of X for the periods
V 1o XIV. Ouer the open eircles is wrillen the number of stations to whieh

the average X refers.

These results seem to hold for the South America too {Buenos
Aires and Santiago) and South Africa {Cape Town, Durban), On the
contrary, in Australia and New Zealand, very probably, there exists
a phase difference betweeu X and N, like that for the European sta-
tions. These results, however, referring to the latter three regions of the
southern hemisphere, must be accepted with circuinspection, because
they refer to few stations only and, on the other hand, the periods
for which we have thermometrical observations are relatively few.

In Fig. 10 the open circles represent the values of X — S(m for
the United States (13 stations) and the continuous line represents, here
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too, the values of N -— N, where X., and N are respectively the
averages of X and N for the periods V to XIV. Above the open
circles is written the number of the stations of the United States
to which the values of X refer.

In this Figure we see that, while the values of X — X, and N—N
are in a very satisfactory agreement at all periods from V to XIV,
during the two last periods (XV and XVI) on the contrary, there
appears a noticeable decrease of the difference X — X,. This is mostly
due to a considerable decrease in the values of X during the last two
periods, as compared to the values of X during the previous period
X1V, at New Haven, New York and Albany on the one hand and
Denver, El Paso, Santa Fe and Salt I,ake City on the other.

As we can easily see from Table X, the values of X at the above
mentioned stations present, in fact, a decrease of about 1°C during
the period XV, as compared with those during the previous one XIV;
whereas an increase of the values of X of about 0°.3 C appears at the
other stations, Similarly, during the period XVI and at the above sta-
tions — except Santa Fe and Salt Lake City — we have a decrease of
about 0°.6 C in the values of X, as compared with those corresponding
to the period X1V, while at the other stations we liave an increase
of about 0°.6 C,

Namely, we have a disagreement here between X and N, as was
the case in Europe during the period VIII|VII, where the value of X
instead of showing a decrease, if compared with that of the previous
period, showed an increase contrary to the general relationship between

X and N.

A disagreement between the valnes of X and N also appears in
Central England * {see Fig. 11}, where, during the period XI1I1I/XII we
have a maximum of X instead of the expected minimum.

If, however, we consider the average §Gm of the values of X
corresponding to Europe, Central England and the United States—
always observing the phase difference between Europe and Central
England on the one hand and the United States on the other—it is
remarkable that these disagreements mostly disappear. In fact, in

* The values of X for Central England were calculated from the Table
of the mean monthly air temperatures given by Prof. G. Manley (19563). For
this area, within the period X is included the year 1890, 1 e. X: 1879-1890.
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Fig.12 the open circles represent tlie values of (X — im) cen Biven by the
formula:

(i - i:n) Geuz% [4 (iii m) Eur.+ 1 (iiim) u.5.A, __[— (i—-}zm) C. Engl.]
and the continuous line the values of N — N.

lime scale for M-
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Fig. 11. Values of N — N (continuous line) and X im fopen circles} for
Central England, where }Em is the average of X for the periods 1 to XV,
The origin of the lime scale for i*im is shifted a whole period to the left.

Time scale for N-A7

r 4 r w v \:t V':f V:'I.r “w - ¥ M Xk xlw
' 1 b I 1

+J0w
- LO0+
204 - -] a
B - =
e - .60 ,§
|§ .20 1
o— — oo %.
kY o - 4
§ - - .dad '&
3 P
= . - 9
s0m ro0-
1 ¢ L] T 1 ! 3 } J ] !
" L. "~ v v v L x X L l:ﬂ Xzt Lrd 2’1 v

Time scale for (F-Xn)gen.

Fig. 12. Values of N — N ([continuous line) and (i_im)(‘;en fopen circles).

In this Figure it can be seen thiat those disagreements, appearing
in the various areas, if they are taken separately, will vanish to a

5
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large extent; and that the course of the differences (i_—im) Gen
and N —N is more or less the same, the correlation coefficient taking
a very high value (rEN = (.94 £ 0.01).

7. THE DIFFERENCE T T,

The phase difference between Europe and the United States is
observed not only in the values of X but also in the averages of the
difference T'cq— T, . The average T'—m?'f‘eq of this difference for
each period cau be easily calenlated [rom Tables IV, V, VII and

VIII by the relation:
.

e = aw
T, —T.,=X-++AR
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%g. 13 a. Values of X for the Unifed States {top) and Europe [bottom).
h. Values of T’ ,— T, for the United Stales {top) and Europe (boltom).

The above stated phase difference between the values of X and
T'eq — Teq corresponding to Enrope and the United States is repre-
sented by Fig. 13 a, b, where the upper circles in (a} and (b) represent
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respectively the values of X and T'eq — T,, for the United States

and the lower circles the values of these quantities for Europe.
If we except the period VIII/VII during which a disagreement

is observed between the values of X for Furope and the United Sta-
tes, in all the other periods the values of this quantity corresponding
to these two areas present an almost analogons course, This analogy
is even more striking if we consider the values of the quantity

T'eq __Tfeq . Indeed, for the perieds V to XV the values of the ratio:

(", — T, (T —T

q) U.5.4. -+ eq) Eur.

lie between 1.07 and 1.17. We therefore think it most improbable
that this phase difference between Europe and U.5.A. should be fortui-
tous and without any physical significance,

This observed phase difference, which probably also exists
between other regions of the Earth, discloses the fact that the atmo-
sphere responds differently to the same impulse, from region to region.
On the other band, if we consider that X represents, formally, the
range of the differences T,; ,—'T, and that these differences depend

on the absorption by the lower atmosphere lavers of the radiation of
the Earth surface, then it is probable that this quantity X is directly
or indirectly related to the amount of the water vapours and other
elements present at each time in the lower atmosphere, on which its
transparency coefficient depends. In this case the above stated rela-
tionship must arise from a relation between the solar activity expres-
sed by the mean annual sunspot number and the atmospheric trans-
parency.

But all these are no more than conjectures. The only thing cer-
tain for the present is the relationship between X and N given by the
observation data for Europe and the United States, to the discovery
of which we were led by the developments [3)] and [4] of the mean
monthly air temperatures. This relationship, as our preliminary in-
vestigations show, does not seem to hold within the 11 - year sunspot
cycle, where the quantity X generally presents a double fluctuation,
with two or more maxima and minima. But in this case too, the course
of the maxima and minima of X agrees satisfactorily with that of the
mean annual sunspot number N corresponding to the successive pe-
riods, always with a phase difference of a whole period for the 13 sta-
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tions of Europe and the Near East studied before. This problem is
going to be the subject of special investigations on our part.

On the other hand, of the six constants on which the mean month-
ly air temperatures depend (see developinents |3] and [4]), only the
parameter P and the eccentricity e, as well as their functions Q_ ande_
seem to be correlated with sunspots. The other constants A, C,V and
W do not present any correlation with the annual sunspot number.
Consequently, the effect of the variations of e and P on the developments
|8] and |4] from one 11-year period to the next is altered by the va-
riations of the other constants that are not dependent on the sunspots.
Perhaps we can so explain why all to date attempts at findiug a clear
relationship between sunspots and air teinperature have failed.

Acknowledgments

The writer wishes to express his sincere thanks to the Natio-
nal Meteorological Services of the Countries to which the stations coun-
sidered here beloug for their kindness to put at his disposal the obser-
vation data of the air temperature from 1934 onwards.

Also to Mr. Harold Davies, M. A., Professor of Euglish and
Mrs. Ariadne Koumari, M. A., Lecturer in Euglish at the Institute of
Foreign Languages and Literatures, University of Thessaloniki, who
kindly read aud corrected the English text.

WYnoeiakA BiBAI0Orkn OedppacTog - TuAua MewAoyiag. A.M.0.



BRirkeland, B.

Clayton, H.

Hlava¥, G.
Manley, G.

Mavridis, L.

Schindler, G.
Stetson, H.

Xanthakis, J.

1949

1944
1934
1947

1940
1953
1954a

1954b

1948
1947

1948

1952

1953

REFERENCES

Oid Meteorological Observations af Trondheim. Atmo-
spheric Pressure and Temperature During 185 Years,
(Geofysiske Publikasjoner, XV, 4),

World Weather Records. Smithson. Misc. Coll., 78,
80, 10s.

Met. 2., 87, 267,
Quart. J. R. Meteorol. Soc,, 79, 242,
Praktika de UAcad, d’Athénes, 208, 97.

On the Mathematical Kxpression of the Annual Varie-
tion of Air Temperature. (Meteorologica Univ. Thes-
saloniki, 3).

Z. . Met. 2, 280,
Sunspols in detion, (New York: Ronald Press Co).

Relation Between the Mean Monthly Air Temperatures
in the Temperate Zones. (Tbessaloniki: University
of Thessaloniki Press). Also Rull. Amer. Met. Soc.,
28, 50,

Praktika de I'Acad, d’Athénes, 27, 168.

New Relations Behween the Mean Monthly Air Tempera-
tures.(Thessaloniki: University of ThessalonikiPress).

WnoiakA BiBAI0BAKkN OedppacTog - TuAua MewAoyiag. A.MN.O.





