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1 ‘plar actwrty as a potent:lal factor for foreshadowmg
drought in Indmn summer monsoon regime

A CHOWDHURY V.P. ABHYANKAR and M. v PHADKEJ

551, 553 21 : 551571 38 : 523 72’-

Andia Metearolgxcal Depnrtment, Pune -
(Recetved 28 November IW9) -

. ABS’I’RACT An attempt has been made to determine influence of solar actmty on drought;;
incidence in India. 100 year's rainfall '(1875-1974) “for northwest and peninsular ‘India, have been

analysed with respect to sunspot numbers and Baur's solar-index and their disttibution -during drought .
years determined. Frequancy of drought per cycle of solar activity have been obtained. Assocmtton -

‘between drought and maximum/minimum spottedness was tested by chl-square, tcchmque Correlation

 have been cemputed between ‘sunspots,  Baur’s mdex -and ramfall during - different - phascs ‘of solar
activity. : '

The results revealed that on an average drought occures once in a solar: cycle Qccurrence of maxima

.or- mmlma did not have any relationship with the drought, which was found to .occur earher as well . -

~as later than eith

. \{corre]men with'

lntrodueﬂon 2

The sen ﬂbemg the ulumate source of energy in
all meteorological processes, a possible associa-
tion between the solar output and weather has
long been investigated. Variations in the darken-

g of the photosphere has often been linked
ith long term climatic changes. The evidence pre.
ed cuncermng this relationship has been
tradictin, aomphcatmg and rather confusing.
working ‘out variations of excess or sub-nor-
‘mal daily rainfall, during post-monsoon season in
‘ Tamllnadu, Sengupta (1957) found significant

correlatlons between sunspot activity and rainfall
rn. ‘Jagannathan and ‘Raghvendra (1966),

fall frequency parameters at. selected

in the maximum and mini-
the sunspot and found the

ecurrence of more frequent cxcess
Il days over west Uttar Pradesh in January
unspot minimum phase was observed by
e ( 970). Recently, King (1973) for

1 sﬁ:ong correlatxon between

: er.of the epochs. Currelzmon analysis revealed that for the. Penmsula, mnspots numbers‘ |
- .and its values dm-mg middle -of the waxing phase were sngmﬁcant. The. .Baur’s m.dex bears . mgmﬁcantm L
northwest Indian rainfall. It's value during :the waxing phase as also dumg 1 5
of Waxme, phase is_also significantly correlated with northwest Indian rainfall. Tbe mdex was mgmﬁcant '
“\‘fm' Pcnmsnla ramfall durmg :mddle of waxmg phase. :

" changes in solar radxatmn and chmatlc fea re
‘like drought,

- activity. In the present study, this extra terres
~phenomena has been _used as ,a;sparamete

parameters independent of solar

: phenomenon

‘feature. 'Forecasting of (drought
‘behavi

et al. 1973, Chowdhury and Abhyankar

- affect the monsoon rainfall as a
~ the. uregulanty in 1ts geographlc
@m o

iddle

while ‘Shapiro (1975) dld not
detect any apparent solar sxgnal in- the sur w,

“The occurrence of drought and”ﬂfamme con
tions ‘in India, of Iate, has;beco e a

ur of rainfall series alone, |
ith little success (Raman et

etc). It was, therefore, thought worthw
explore the possibility of forecasting occurrence
of weather phenomena like drought or sub- = |
normal rainfall from the expected level of solar |
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Fig. 1. Annual sunspot numbers, Baur(s) index and
the rainfall departures (% for Peninsula and
Northwest India)

2. Data material

From the rainfall point of view, the country
is divided into two board forecast zones, viz.,
northwest India and the peninsula, both being
equally prone to frequent droughts. Annual
rainfall for 100 years (1875 to 1974) are
correlated with identical series of sunspot data.
Pertinently, about 90 per cent of the annual
rainfall in India, falls during the northern hemi-
spheric summer between June to September. The
mean annual sunspot numbers published by Wolf
and Wolfer have been used, suplemented by those
given by Lamb (1972). Correlations are obtained
between rainfall and sunspots when alternatively
it is at its extremes, during waxing and waning
phases of the solar disturbances and during the
middle of the rising or falling sunspot trends.
Baur’s index, which is a more reliable measure
of variations in sun’s photospheric activity are
available for 90-year period (1875 to 1964) and
are utilised in the study.

3. Rainfall classification

In India Meteorological Department, while
considering spatial distribution of rainfall nega-
tive departure exceeding 19 per cent of the normal
is termed as “deficient”. In this study, also rain-
fall deficiency exceeding 19 per cent is designated
as a drought situation. Similarly, rainfall exceed-
ing 19 per cent of the normal in a year is termed
as a wet year or an year of excess rainfall. Years
not belonging to either of these categories are
termed as years of normal rainfall. No attempt
has been made to define degree of drought or

i1 1. 1 I~ i 1 1 L A i 4 3
1875 B85 95 1905 15" 25 35 a5 B85 65 75

.

A. CHOWDHURY et al.

wetness or to associate them with the solar erup-
tions. V

4. Baur’s index

Sunspots are normally accompained by other
types of solar emissions, viz., ({) occasional erup-
tions in which both ultraviolet and long wave
radiations and particle emissions are produced;
and (#) bright faculac which are usually present
around the spots. Sunspot numbers which measure
only the dimmed portion of the sun, is perhaps
not a very good indicator of variations in solar
output. To overcome this deficiency, Baur (1949)
proposed a solar index (S.I.) which gives a more
reliable measure of solar fluctuations. Logically
also better results should be expected from an
index which measures the total area of faculae,
i.e., bright portions of the sun minus the total
area of the spot (dimmed sun). The index is given
by the following relationship :

S.I.=10 (F/F — D/D)
where,
F=total area of sun’s visible face;
D=total areca of sunspots;

F & D =long term averages of F & D
respectively.

5, Drought, wetness and the solar cycle

The period under study covers a little over
9 solar cycles. Over peninsula during the period,
6 cases each of drought and excess rainfall are
noticed while northwest India experienced drought
on 10 occasions and excess rainfall on 9 occa-
sions. Thus on an average, one drought and one
wet situation can be expected per cycle in the
northwest India. Two instances of drought or
wetness each may be expected in three oscilla-
tions of the solar cycle over the peninsula.

Strong fluctuations in the drought incidence
or excess rainfall activity, occurred in different
sunspot cycles though™ apparently without any
regularities. The variation in the frequency is
totally unrelated to that of the preceding or suc-
ceeding cycle so as to facilitate prediction. They
are fairly frequent in some cycles occurring upto
3 times; in some cycle they are conspicuously
absent.

6. Apparent climatic relationship and solar cycles

Fig. 1 shows a comparison between annual sun-
spot and the Baur’s index together with the annual
rainfall departures for both northwest India and
the peninsula. This display the oscillations clearly
in these elements and no regularity in successive
peaks or trough is seen. The points are randomly
scattered and do not indicate any relationship
of the rainfall with either sunspot or the Baur’s
index. Any linear or functional relationship bet-
ween these clements should have been reflected
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lacking in this case. Dot dmgrams (figures not
~ presented) supported this postulationis which has

- between rainfall of northwest India and the Baurs®
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ship between the rainfall and the dxffercn,
of the solar cycle.

It may be stressed that cases where hig CO
relations have been observed, not much varian
could be explained. The maximum varia
these relationship explained was about 50 p
cent. Thus, these high correlatlons are no *of

7. Possible associaﬂon wlth ralnfall treqnency" .

Relationship, if any, between the frequ
of rainfall departures and stages of sunspo
has also been examined. For this putpose, fr

to two years subsequent to it, and on
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and the statistical significance is tested by com-
puting the chi-square. In neither peninsula nor
northwest India is chi-square found significant.
Thus, it appears that there is no apparent signi-
ficant relationship between the frequences of
occurrence of rainfall departures and the stages
of the solar extremes.

8. Concluding remarks

The quest for understanding the interaction
between the weather and the solar activity has
proved extremely difficult. This is because the
sunspot numbers are but one of the several types
of solar disturbances for which largest records
are available. The foregoing analysis clearly
shows that the rainfall distribution in India does
not reveal any characteristic fluctuations parallel
to the anamolous variations of solar flares, and
that there is no real cause-effect relationship bet-
ween the solar activities and the monsoon rainfall.
It is, thtrefore, not surprising to find that the
apparent positive, but small, correlation found by
Walker (1915) between Indian rainfall and the
sunspots though maintained for few sunspot
cycles, has nevertheless not yet become numeri-
cally large and statistically significant. The asso-
ciation between the sunspot activity and the rain-
fall is not consistent from cycle to cycle of sun-
sport variations as found earlier by Satakopan
(1946). Hence it does not appear possible to
forecast the nature of rainfall from the trend
variations of solar out-burst. ‘
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