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AZTPONOMIA.— A new index of Solar activity, by J. Xanthakis and
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ABSTRACT

A new index of solar activity is introduced i.e. the index Ia(R) defined
with the help of the relation Ia(R)=56 — 3 (18 —\ R) cos? %\[ﬁ

A comparison of the variation of the new areas index I« (R) with the varia-
tion of the areas index Iq (Xanthakis, 1969) and some other indices of solar acti-

vity is shown. A prediction of solar activity for the present sunspot cycle is
also given.

INDRODUCTION

In 1849 Wolf of Zurich introduced the first index of solar activity,
being defined by the relation R =K (10g -+ f) which is well known as
the relative sunspot numbers, R. In the last decades of the 19th century
some other indices of solar activity were introduced such as the areas
of sunspots, the areas of faculae, the prominences and others. During
the last decade of the present century the amount of the indices of
solar activity that were introduced was astonishing. The fast growing
importance of finding an index which could express the variation of
solar activity within each 1l-year solar cvcle and from cycle to cycle in
a very satisfactory way has led Xanthakis (1969) to introduce a new
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index of solar activity which could express better one principal chara-
cteristic of an active region and which could be considered, in some
way, as an index characterising the size of the activity centers. This
new index was defined by the relation,

Io=1/2[VA 4 V] (1)

where A and f are respectively the areas of sunspots and faculae
given by the relevant publications of the Royal Greenwich Observa-
tory (RGO).

Xanthakis® previous work (Xanthakis, 1971, 1973, 1975) proved
that the use of the areas index I, instead of the Wolf numbers R,
provides better correlations with the various solar and terrestrial phe-
nomena while the advantages of the index I, over the different other
indices of solar activity are described in the work of Poulakos and Tri-
takis (1973).

The time interval for which the values of the areas index I, can
be considered is limited from 1874 to 1966 ; this is due to the fact that
the necessary observational data i.e. the areas of A and f, are given by
the relevant publications of the RGO with a delay of 10 years about and
therefore the study of solar activity by means of the index I, becomes
restricted according to the difinition of the index I, (see relation 1).

In view of these facts we considered that we should introduce a
new index of solar activity which a) should not depend on the observa-
vional data given by the RGO b) could substitude the areas index I, with
a very satisfactory approximation and c¢) could be expressed analytically
as a function of the relative sunspot numbers i.e. on observational data
which are immediately available.

In what follows, an attempt has been made to find the analytical
expression of the areas index I, as a function of the wolf numbers, R,
by means of a statistical study of these two indices of solar activity.
As a result of this investigation we introduced a new index of solar

activity which can be expressed as function of only one parameter

i.e. the VR.

A comparative study of the new index with some other indices as
well as a prediction of solar activity for the present sunspot cycle are
also given.
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|. The Areas Index I.(R) and the Wolf Numbers R.

The existence of a relation between the mean annual values of the
areas index I, and the corresponding mean annual values of the
quantity, VR, has been shown by Poulakos and Tritakis (1973).

In the present report, as a first step in our computations, we tried
to find out which function of VR, being combined with I, provides

the highest degree of correlation.

R T T A R T B A
60 |— ]

50

—~ 40

30

20

1 S e |
0 11 12 13 14 15 16 17 18 19 20

— R

=k
N —
==
e
o=
TY—
==
looni—
w0 —

3.00

2.00

56 -1,
18-/R

1 00

A Y

—_,\/?

Fig. 1. (a). Correlation between the observed mean annual values of I«
and the quantity VR for the sunspot cycles N =12 to 19. (b). Abscissae
represent the mean annual values of the quantity VR and ordinates
represent the corresponding values of the quantity K :36———\%:
18— VR

Segments give the dispersion.
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To this purpose we calculated the correlation between the observed
mean annual values of I, and the corresponding values of VR for the
sunspot cycles N =12 to 19.

The results are shown in figure 1 (up. p.). From this figure we see
that a strong correlation there exists between I, and Vﬁ(rla,vg=0.97).

Besides, it is obvious that a trigonometric component should be also
applied to the values of VR, in order to get a higher correlation between
I, and VR. This is clearly seen in figure 1 (lower part) where abscissae
represent the mean annual values of, VR, and ordinates the corresponding
values of the quantity K = 56———11_—

18— VR

: ; T =
The curve represents the trigonometric component 3c052§8~ VR.

Segments give the dispersion.
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Fig. 2. Correlation between the observed mean annual values of I«
and the quantity (18 — \R) cos? %\/—R— The correlation coefficient for
the period 1880 - 1964 is noted in the upper part,
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Based upon these results our next step was to calculate the corre-
lation between the observed mean annual values of I, and the corres-

ponding values of the term (18—VR) coszggVE The numerical results

are shown in figure 2.
If we consequently, apply now the least square method for I and

the term (18—VR_) cosz—;—6 VR for the time interval 1880-1964 we get
the relation :
L. (R) = 55.21 —2.92 (18 — VR) c052—§—6VE. (2)

Equation 2 represents the mean annual values of the areas index

I T J T I I =

64.0

56.0

48.0

40.0

o
H 320

24.0

16.0

80

0 Al | [ | [ | 1 fi-
80 16.0 240 320 40.0 480 56.0 64.0
I(R)

Fig. 3. Relation between the observed mean annual velues of Ia and

the computed values of I«(R) for the solar cycles N =12 to 19.
Ia(R) = I. + 2.8.

I., observed during the sunspot cycles N =12 to 19, with an accuracy
equal to 92.3%. The above results are better shown in figure 3. This
figure shows the relation between the observed mean annual values of
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the areas index I, (ordinates) and the computed values of the new index
I« (R). The dispersion was found equal to ¢ = + 2.33 i.e. between I, and
I. (R) there exists a relation of the form

I = I (R) & 2.33. 3)

2. The New Index I,(R) and the Mean Monthly Values of the
Relative Sunspot Numbers.

The simplest approach to test whether relation 2 is also valid for
the individual years of a given solar cycle was then to repeat the whole
work by using the mean monthly values of the areas index I, and of
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Fig. 4. Correlation between the observed mean monthly values of Ia and
X T = ]
the corresponding values of the quantity (18 — VR) cos? %\/R for the time

interval 1880 - 1964. Squares denote the 18 pairs of values corresponding to

the years surrounding the year of sunspot maximum of the anomalous

solar cycle N — 19. The mean square error between the observed and
computed values of I« and I« (R) was found equal to o = £ 2.6.
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the quantity (18 — VR) cos2§6,—VR_ for the time interval 1880 -1964.

Figure 4 shows the correlation between the mean monthly values of I,

and the corresponding values of the term (18 — Vﬁ) cos2%v.§- for the

solar cycles N =12 to 19.
Thus we find that the index I, can be expressed analytically as a
function of VR with the help of the relation:

L. (R) = 55.06—2.92 (18 — VR) cosz—?% VR. (4)

The correlation coefficient was found equal to r = 0.97.

Equation 4 represents the observed mean monthly values of I
with an accuracy equal to 91%. This accuracy becomes higher if we
exclude some extreme values corresponding to the years surrounding
the sunspot maximum of the anomalous solar cycle N =19 (Xanthakis,
1966). In fact if we exclude 18 pairs of values we get an accuracy equal
to 92.1% while the correlation coefficient between I, and the term

(18—VR_) 0052;—61/?{— becomes equal to r =0.98 i.e. values, approxima-

tely, equal to the values found for the mean yearly values of these two
quantities.

An inspection of equation 2 and 4 shows that there is no signifi-
cant difference between the two. We can thus replace them by the uni-
que relation :

L. (R) = 56 — 3 (18 — VR) 0052—33:—61/§ ()

without any loss of accuracy, as it has been proved by the corresponding
calculations.

Guided by these promissing results we attempted an extrapolation
to the past i.e. for the solar cycles N =17 to 11 and another one for the
20th solar cycle by means of equation b.

The numerical results are represented by figures 5(a) and 5(c)
respectively. Figure 5(b) shows the variation of the observed mean
annual values of the areas index I, (continuous line) and of the new
index I4(R) (dashed line) computed with the help of equation b.



293

SYNEAPIA THX 11 MA'I OY 1978

‘08 = N 9J9AD Ie[0S 31} I0J ¢ uoI}
-enba moiy pajndmod () ®] JO SON[EA [BNUUEB WBIUI pajefodenyxi (9) (6T 03 BT = N) F961 - 0881 porsod 9}
30y (ouil paysep) ¢ wmorjenbs woiy payndmwod (YY) °I XOpUI MIU I} JO sonjea Jurpuodsaiiod ayj yjrm (ouf
SHONUTIUOD) P] XOPUI SE2I 3} JO WOIELIEA [enuue ueawr 9y} jo uwostredmo) *(q) ‘[f 03 ) — N S9[24d 1ejos
2y} 10y ¢ worjenbo woiy payndmod (Y) ] XIpUI MIU Y} JO SIN[BA Jenune weswm pajejodenyxyg ‘(e) ‘g -3y

bi6L 046l S96L

TTTTTTTTTT o
=101
? oz
° ’ I _
\ )
® 02 ? —0¢€
43
: e _F g
) 1 i Bl
«® i —ov ~
Y e —
00
—0s
PS6L 0961 SS 0sel Sy ovel SE oeel s 026t St Oi6t SO 0061 S6 0681 G881
________;______.__.f_:__________________:_::____,___,d______,_____,:___._____rlc

— 0l

[sf4

)

S8l 081 G98L 0sstL SS8L QS8 Svsl ovslL SeE8t 0E8L SeslL
TR0 (SRR 7R TR o A T TR T T R SR i N R R R LR —0




TIPAKTIKA THE AKAAHMIAS AOGHNQN

294

‘S}lun ¢ JO UBY) IS[[RWIS I (J) P[ — °] SIDUAISIJIP 9Y) JO SIN[BA Y} JO IdqmnNu [0} Y] Jo °/, 26
*(¥) ®1 xOpul seare mdu 9y} jo sanjes Aprejienb ueam paarasqo oYy sjuwasardar dui[ snourjuoduw Y[, ‘9 ‘1

¥961 0961 SSBL 0S61 Sb6L op6L SEBl 0E6l G2BL €261

_ﬂq“____‘_j‘____l_l_l_l—_: :_1:—_:1:__:‘—4:—::__.—_:_.:‘—_:—_j:—:__:_ ___‘_4_‘:__:;_:—:_—_3:—_:

] 0

oL

]
&
(4

| . ] S [ |

0z

|

oe
—fov
—{os
— o3

028l SiBl olsL S064 0061 S681 0681 S881L o088l
__;_:_____________________:_______:______:_:__:_______:__:______: __________._:.__________:_:______________________________________:_______.______ 0

ot
Wbt

-
5 el Y A V! et L

)
\ MP.

oe

-
/'
B N ,_‘_;m:on

AN\ -~
1

WA AN —ob

09




ZYNEAPIA THZ 11 MA'I'OY 1978 295

Appendix A gives the mean monthly as well as the mean yearly
values of the new index I«(R) computed with the help of equation 5.

Figure 6 shows the variation of I, and I.(R) for the time interval
1880 - 1964 for which observational data are available. ‘The continuous
line in this figure represents the observed quarterly values of the areas
index I, and the dashed line represents the values of the new index
I.(R) computed with the help of equation 5. It is remarkable the fact
that from the total number of the computed values of I,(R), used in
figure 6, 92 9, present differences I,— I, (R) < 5.

From the above discussion we see that equation 5 on one hand
does not make any distinction between the years of sunspot maximum

R T T T 1 = T T I IG(R’)
90.0(— —150-0
70.0— —40.0
500 —30.0
30.0} —20.0
100} —10.0

floot® mih ool e ST SRR

197576 77 78 79198081 82 83 84 85 86 87 Years

Fig. 7. The continuous line represents the predicted values of

the mean annual values of R, and the dashed line represents

the predicted mean annual values of the new index I« (R). The
time of rise was taken equal to Tr = 4.6 years.

and the years preceding or following the sunspot maximum and on the
other hand is independent from the number of solar cycle; in other
words the relation 5 is valid for both the odd and even solar cycles.

If we now take into account that Xanthakis (1967 a) has given a
relation with which we can predict the mean monthly and the mean
yearly values of the relative sunspot numbers R, with an accuracy equal
to 84.7 % we can, therefore, extrapolate the values of the new index
Ia (R) to the past as well as to the future without any loss of accuracy
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(82 %) and without losing its principal advantages over the other indices
of solar activity such as the Wolf numbers, the areas of sunspots the
areas of faculae the prominences etc.

Figure 7 shows our prediction for the 21th solar cycle. For the
predicted values of R, the relation given by Xanthakis (1967 a) was used.
The time of rise was taken equal to Tk = 4.6 years (Xanthakis, 1967 b).

It should be noted that although the predictions for the 20th cycle
given by Xanthakis (1966), which was derived with the help of analy-

O S e
R
Predicted cycle 21
160~ 7
140 [~ =
- .
120 -
i <« SGD Prediction
100 = =
80— _{
L3 % N
60 ‘ Xanthakis and
< Poulakos
i 21: Prediction —
40 - '\ ]
20 -
= I, \\ —
o LS| o O Y i VN

197677 78 79198081 82 83 84 85 86 87 yrs.

Fig. 8. Predicted mean annual values of the Wolf

numbers, R, corresponding to T, =3.2. The small circles

represent the prediction given by SGD and the crosses
represent Xanthakis and Poulakos prediction.

tical relations and that published in Solar Geophysical Data (Coffey,
1969), (SGD), which was derived from a regression analysis of the cycles
N =38 to N =19, were very similar and with an accuracy of about 829/,
their predictions for the current cycle N = 21 differ significantly (Coffey,
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1978). This discrepancy is due to the different values of the time of rise,
Tg, used by SGD and by Xanthakis. Indeed, if instead of the value
Tr = 4.6 we use the value T = 3 2, given by the relevant curve of the
SGD’s prediction (Coffey, 1978) then both the SGD prediction and our
prediction for the mean annual values of the numbers, R, for the cycle
N = 21 appear to be very similar. This is shown if Figure 8 where the
small circles represent the SGD prediction while the crosses connected

with dashes represent our prediction.

3. Solar Radio Emission and the New Index I,(R).

It has been shown already (Xanthakis, 1969) that the variation of
the areas index I, with the variation of some other indices of solar
activity related with different phenomena in the chromosphere and the
corona shows that these indices are more closely correlated with the
index I, than with the wolf numbers, R. Because of the lack of obser-
vational data for the index I,, Xanthakis was forced to restrict his
investigation only for the period 1955 - 1962. In the present report due
to the independence of the new index I, (R) from the areas of sunspots,
A, and the areas of faculae, f, we attempt a comparison of the variation
of the new index I, (R) with the variation of the radio emission at
20 cm, 10,7 cm, 8 cm as well as with the relative sunspot numbers R for
the time interval 1947 - 1976, shown in Figure 9.

From {figure 9 we see that for all the solar cycles of the time
interval considered here, the curve corresponding to the mean semi-
annual values of the new index I, (R) appears to have a very close
march with the radio-emission indices with the sole exception of the

years of the sunspot minimum.

CONCLUSTON'S

The results of the analysis discussed in the present report, may be
summarized as follows.

1. The new index I,(R) can substitude the areas index I, with a
very satisfactory approximation. The observed mean annual values of I,
and the observed mean monthly values of I« can be represented by means
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of equation 5 with a very high accuracy of the order of 92.3% and
92.19%, respectively.

2. Equation 5, being independent from the data published by the
RGO, can be used for the extrapolation to the past as well as to the
future with an accuracy approximately equal to 91 %.

3. The mean square errors of the defferences I,— I, (R) for the
mean yearly and the mean monthly values of the indices I, and I.(R)
were found o = 1+ 2.3 and ¢ = + 2.6 rerpectively i.e. the existing rela-
tion between I, and the new index I,(R) is of the form:

I.(R) = I+ 2.5.

4. The new index I,(R) is also very closely correlated with the
radio emission indices the correlation coefficient being of the order of
=089 !

5. Prediction made, by means of equation b for the 20th solar cycle
had an accuracy of the order of 919%. This is very promissing for the

prediction of solar activity on future solar cycles.
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‘H xatd to tehevtaio £t Saoxds adEavouévn avdyxn va edeedfi évag
Setntne T fltaxdic doaotnoidrog dotig va maELoTd TO Paivouevoy ToTto AT
tov whéov fravomomTixdy tobmov, ddnoe tov xadnyniv I. Eavddxny va eloaydyn

70 1969 &vav véov delntnv tic fihaxiic doastmoidtnrog maglotduevov did tod
1 Tl T e 3 \ ~ 74 2 ’
ovufdhov I, = 5 [VA + Vi]. “H eloayoyi tob véou tobrov deixtov, yvo-

otob shéov GOg delutov 1V EuPaddv I., dmexdAvypev onuaviixag ovoyetioelg
petald adrod xol tdY Sapdowy pawopévev tig filaxis doastmordtnrog Sy
uévov gic Tv @oroopaioav 7 v xowpospaioav GAAd xal el T Hhiaxov otéupa,
radag enlong xal ue didgpoga awvdpeva T ynivng drpoocpaloas.

‘0O Stvdetog Suwe avtog detxtng tdV BuPaddv, mov magovoidlel tO uéya
sheovéntnua OTL #EnTnTon puowny onpactav, v Omotav dev Exouvv ol dGordupol
Wolf, magovotdlet 10 uetovéxtnuo 6ti otnotlerar dmoxAelotindg elg tag moQaTn-
ojoerg to¥ “Aoctepooroneiov tob Greenwich, td dedouéva t@v Omoiwv dmuo-
oiedovrat, Adym t@v moAkdv Hvroloyioudv of 6wolol drattobvral, ue xadvotéonov
10-12 2tev. Elvar qgavegdv 6tu ol didpogor 2oevvntal, dotooviuol, WeTewEOAG-
yot, yewAdyor, mov ygonowwonoroty tov detxtny tdv Eufaddv I, O&v ddvavral va
avauévouy tdoov mohl ik VA Y0NOULOTOWcouY TOY delxtny avtdv.

Eig m)v magovoav 8oyaociav &mlnteitar 1 dveloeolg €vog véou deintov tiig
Nhandic doaotnotdtnrog, mov va maQovoldly G’ Evog mev Td adTd pe TOV dsintny
tov AuPaddv I, mheovextiuota, ag’ ftéoov O& va dvvatar va Umohoyiodi
Tayéwe.

Oltw 1o dmoreréouara tijg foelivng dvvavtar va ovvoyisdolv (¢ dxo-
Lovdwg :

1) Elodyeraw évag véog detntng tijg MAaxiis dpaotnoiétytog, maglotduevog
d tob ovpforov Ia(R), 6 6molog eivar ocvvdormolc tiig tetooywviric ollne
tdv aouudv Wolf, didetar 8¢ vmo tig oyéoews

I.(R) = 56 — 3 (18 — VR) cos? 73%VE

2) ‘O Néog deixtng Ia (R) magiotd tov delxtny v 2ufaddv I, ué piav
Mav GymAy moooéyyiowy, tiig tdEewg Tob 92 %.

3) O Néog deintng Io (R) elvar aveEdommrog t@v Zufaddv tdv xmAidov
®al IOV ueo®dv, Fror dedouévav dmuoctevouévay o tod *Actegosxromeiov Tob

. \ ’ ~ . ~ 2 LY
Greenwich p& xadvotrégnowv 10 - 12 2tdv, Stvarar va dmoloyiodi Tayémg %ol
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gl whéov vo mooPhepdolv al tnal Tov Sk tovg perhovrixovg fAtaxovg xUxAovg
ué wlov axoifetav tig tdlewg tol 91 %.

4) Metaty tob véov delxrov I, (R) xal tob deixtov tv Bupadav, I, vot-
oratal plo amAfy dhyefownn oyéorg Io (R) = Ia £+ 2.5.

5) ‘H ocvoyérioig tob véov Seixtov I« (R) neta tov dhov dewxtdv tijg
Nhaxiig doactnoldtntog eivar Alav vyni.

6) Téhog moofrémetar 1) mopela THg Hhwaniis doaoctmoidtnrog tobh 210V %¥-
#hov &xmepoacuévn Umd tob véou delntov Iy (R).

AeSopévov 6t 1) meéPheig Eavddumn thg Hhwanig doaotnolétntog, Exneqoo-
opévn eig Gorduove Wolf, S tov 200V wixdov Eywve ué axoifeiav 919%, toito
udg mapéyer cofagag evdelterg St 7 modPheig T Nhoandis doaotmoerdtmrog dic
toUg uerhovrinove #ixhovg, ovvaptioer Tol véou tovtou dsixtov dotig magéyeTal

&g ouvdotnolg T@v dordudv Wolf, 9 elvan &€ Toov Emiruyiis.



