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WHY IS GEOMAGNETIC ACTIVITY DURING THE ENDING YEARS OF A
SOLAR CYCLE WELL-CORRELATED TO THE MAXIMUM OF THE
NEXT CYCLE?

M, H. GOKHALE

ABBTRACT

The ‘two componant nature’ af tha solar actlvity cyulo, &8s regulting from the 'shook-tranaition medel’ of
the aolar magnetle cycla. provides far a oomelation batwean a8 measure of coronal hale formallons during the
end!ng yeare of one solsr cyole and the maximum apnual sunapot number Rmax of the noxt oyals. This might
account for the ehaarved corralation batwsen Lhe geomagnetic activity during the lost few years of one cycie and

the Rumax of ths next ayols.
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1. Introductlon

During the course of an 11-yr oycle of sofar
actlvity, tha varlation of geomagnetic actlvlty shows
two peaks carreaponding to the 'two maxima’ of the
eolar aotlvity oycls, followead by a thi/nd peak during
the last fow yeara of the solar oycle {Hakura. 1974,
Qnevyshev, 1977). Thie third ‘peak’ s charactarlzed
by the abundanoe of '’27-d recurrent geomagnetic
storma’’, which are preaumably caused by the fast
solar wind from the long llved coronal holes. ‘The
two-gomponent model’ of the weolar aotlvity cycle
{QGokhate, 1978) provides for the formation of
such long livad corenel holes durlng the anding
years of sach actlvity aycle. Thus, thls madel
agoounts for the ‘third’ peak also, but with coronal
holes, Instead of flares, as the cause of geomagnetlo
disturbances during this peak.

Here we show that the model providse a corre-
latlon between the coronal hole formatlona during
the ending yeara of eash activity oycle and the
maximum annuel sunspot number Rmax of the next
cycle. Thla might acoount for the obasrved corrae-
latlona between the geomagnetlo actlvity Indices
during the last few years of each cycls and the Rmas
of the next oysle.

2, Observed Corralations, Thelr Importance and
Interpratation

2.1 Tha Correlationn

Several indlces of gaomagnetic activity durlng
the ‘ending yeers' of a solar c¢ycls are known to be
well correlated to the maxlmum sunspot number
durlng the next solar cycle, Thus, for example, the
number of days of abnormal time proflles of the
horlzontal component of the magnetic 1leld (Brown,
1974), the level of the ‘27-d recurrent’ geomagnellc
disturbance, (Bhargava and Rangarajan, 1876) and
the Kp and ag Indices of thls activity (ref. In Kans,
1678), all durlng the anding yeara of a oycle no. n',
are well correletad to the maximum annual sunspot
number Ru.: (n+1) during the cycle no (n H1)".

2.2 The Importanca

In agreement with the forecasts based on such
corvelatlons (e.g. Brown, 1874; Kane 1978), the
sunspot number durlng the current cycle ls now
almost certaln to atteln a ‘maximum’ exceeding 160.
(In contrest, tha puraly atatletical forecasta made
before the beginning of thls cycle, which did not
teke into account any spaclal relatlon betwaan the
suocessive cyclas, wara &ll below 100 : of. Glelssberg,
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1871 ; Cole, 1973 ; Cohen and Lintz, 1874). There-
fore, it seams that the sfore-mentloned correlationa
manifest from some fundamsntsl relation betwesn
the successive solar cycles, which must be a con-
gequence of the basle mechanism of the solar cycle.

2.3 Tha interpretation

Cloarly, the amplitude Rmax (n+1) of the maxl-
mum annual sunspot number during the (n+1)th
cycle muat be well-aorrelated to soma appropriate
meosurs of the ‘solar cause’' of the geomegnetlc
disturbances during the ending ysare of then* eycls.
The only likely ‘cause’ known et present la the fast
streama assocl|atad with the long llved coronal holas
formed on the Sun during such yeare (cf, Section 4.4
of Gokhale, 1979). Therefore, Rumas (N4 1) must be
well-correlated to an appropriats Indsx ‘CH (n)’ of the
numbaer, areas and parsistence of coronal holas during
the anding years of the n** aycle.

Thie Interpretation Involves the foliowing aa-
sumptlions :

1) the fraction of the coronal holes Iccated favourably
for the fast atreams from them to reach the earth
-does not vary too much from cycle to cyole,

Il) the geamagnstic actlvity produced by unit area of
a ooronal hols per unit time does not vary much from
one coronal hole to another.

Thess sasumptiona may be only approximataly
trua ; but such approximate valldily would still yleld
adequats correletions.

3. The Correlation Provided by the Model

The maln quastion Is: why should CH (n} be
well correlated to Rmax (n+1)7 The anewer seems to
follow a8 a corollary of the ‘two-component nature’
of the solar aotivity cycle as provided by the ‘shook-
transltlon’ model of ithe solar magnetlc cycle.

From Sec. 4.4 of Gokhale, 1979 it follows that
CH (n) «— ¢4 (n), (1

where ¢, (n) la the zota/ magnetle flux In the **front
portions'' of the “‘flux ralla” (which form the ‘A"
famlly flux tubeas of the n*h cycle end provide the
‘1Ind component’ of that aotlvity oycle). The symbol
*— represents a ‘gocd correlation’,

According to Gnevyshev (1877), Bmax {n+1)
would essentlally he the maximum of the ‘Ist com-
ponent’ of the sunspot cycla. It follows from Sec. 4.1
of Gokhale 1979 that thle maxImum will ba determIned
malnly by the fots/ megnetic flux ¢. (n +1) In the
'S’ family flux tubes of that cycls.

Thus,
Amax (N+1) <« ¢ {0+ 1), (2)

Now, according to the ‘shock-iransitlon modal’,
the S family flux tubes of the (n+1}t cycle ara
formed from the magnetic flux in the 'back portlons’
of the *flux rolls’" in the n™ cycle, which must bs
sema a8 ¢, (n).

Tharafore ¢ (n+1) = ¢a () (3)

[incldentally, relations (2) and (3) would alsa pro-
vide 8 carrelatlon between Rua: (n + 1) and the polar
flald at the sunsepot minlmum at the end of cycle n’
ge suggeated by Scherrer e 2/ 1878].

Fram ralations {1}, (2) and (3) It follows that

qu; (ﬂ+1) «-— CH (l_\).

Thus, the ‘two-component moedel’ of the actlvity
cycle’ provides e basic physical rslatlon betwean
aucceselva soler cycles which might account for the
observed correlation betwsen the gaomagnstfc actl-
vity during the ‘ending years’ of one cycle and the
maximum sunspot number In the next oycla.
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