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SOLAR RADIATION AND THE INDIAN MONSOON*

K. S. RAMAMURTI
(Poona)

INTRODUCTION

“HE SW. monsoon or summer monsoon is a
major cvent in the agricultural life of
India, which has been widely studied. Malur-
kar! has deseribed the day-to-day forecasting
of the monsoon over India from its carlier acti-
vity in the Indian Occan. The local distribu-
tion of monseon rainfall® and a forecast of the
seasonal rain in various homogeneous divisions
of India® have been studied by Walker. He
divided India into three homogencous rainfall
divisions, wiz.,, N.E. India comprising Assam,
Bengal, Bihar and Orissa ; Peninsula compris-

ing Gujarat, C.P., Konkan, Bombay, Dceean,
Hyderabad and north  Madras Coast; and

N.W. India consisting of the west U.P., Pun-
jab, Fast and North, Kashmir, N.W.F.P, and
Rajputana  to which S.W. Punjab huas been
added on account of its grographical position ;
but while weighting the mean rainfall with the
arca of cach sub-division 1o obtain the mean
for the whole of N.W. India, only half the
weightage is given to S.W. Punjab. The above
divisions are referred to in this paper (sce
Fig. below).
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The chief characteristic of the pressure dis-
tributiion over India during the monsoont is
the trough of low which extends from the
S.E. Punjab to the head of the Bay and the
concomitant high pressure belt in the Indian
Ocean. Hence a study of any feature of the
monsoon should be based on this background.
The low over Upper Burma is another of the
summer low pressure cells.

The monsoon follows closely the movements
of the sun both in its adyent to the north of
the equator and in its retreat thereafter.

The changes occurring in the sun such as
sunspots, faculee and flocculi have close relation
to changes 'in the solar radiation outside the
" atmosphere,

trum.*  Walker found a correlation coefficient
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. particularly - to . .changes. -in:ithe .
ultra-violet and blue end of the solar spec-

of --0-59 with:a probable error of about a tenth
of this value between 42 monthly mean values
of sunspot numbers and solar constant.’ He
also found a corrclation of + 0:-64 between
June—August sunspots and synchronous solar
constant.6

Somge Previous WORK IN THE FIeLp

Walker recorded the effect of sunspots on the
annual rainfall of representative stations
all over the world.™7 He finds the correlation
of sunspots with the total annual rainfall over
the plains of India as given by all the stations
in existence from 1865 to 1912 to be - 0-26.
Satakopan's® studies in the Peninsula and N.W.
India led him to conclude that “the apparent
positive association observed betwecen sunspot
numbers and rainfall in India by Walker and
others has not been maintained during the
recent spot cycles.”

Claytont! remarks that the centres of high
pressure  (centres of action) are pushed to
higher latitudes with increasing solar activity.
They also recede farther from the nearby land
areas.

SourcEs oF Darta

The daily values of the solar constant, solar
energy in calories per square centimetre per
minute outside the terrestrial atmosphere deter-
mined at Montezuma, Table Mountain, Mount
St.'Katherine and Harqua Hala are published
in the Annals of the Astrophysical Observatory
of .the Smithsonian Instilution. The ten-day
and monthly means (preferred and improved
preferred values) and their standard deviation
from August 1920 to Scptember 1939 are pub-
lished in Vol. 6 of the Anncls. The data are
given in Table I.

The June to September rainfall departures®
from. 1875 to 1921 for the Peninsula and N.W.
India, and the monthly departures? from, 1875
to 1924 for May to October for the Peninsula
and N.E. India and for all the months for N.W.
India are published in the Memoirs of India
Meteorological Department, For subsequent
years rainfall data for monsoon scason as a
whole are taken from the “Statement of Actual
Rainfall in the Monsoon Scason, June to Sep-
lember”, issued cevery year,

‘ CORRELATION COBFFICIENTS

The correlation between June to September
rainfall of these divisions and the mean solar
constant in cach of the preceding 12 months,
as well as June and June to September of the
same year are shown in Table 1I. These cor-
relation coefficients are based on data for
19 years except for the months of August and
September which are based on 20 years’ data.
The wvalues of the correlation coefficient for
different levels of significance and 17 degrees of
freedom are taken from Fisher.1V :

*The cost of publishing this article has been met
from a grant from the Indian Council of Agricultural
Research,
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"By ‘Monsoon” is meant the §,'W, mbn¥éon'in’thig
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Correlation of Solar Constant awith Rainfall

Monsoon rain in N.E. India seems to have
significant positive, correlation with the solar
constant of each of the months from Septem-
ber to December of the previous year. The
rest of the coefficients do not show any signifi-
cant relationship at five per cent. level of
significance. The consistency of the correlation
coefficients and their gradual variation month
by month makes it prohable that the mode of
solar variation during the preceding year in-

" flueneces the subsequent monsoon ~gver India,
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* Improved preferred means are piven from 1926 onwards,
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INFERENCE But the limited nature of the dota makes

these conclusions only tentative,  T'o study the
influence of the mode of solar variation on the
monsoon  rainfall, a polynomial with o set of
constants (e, /), v, 8, ote.) may be fitted to the
solar radiation data of the year prior to the
monsoon.  These constants will then represent
the variation of the solar energy in that year.
They can be used as independent varieties and
correlated with the subsequent monsoon rain-
fall. ~ This {echnique would bring out the
relationship between the trend In the solar
encrgy and tho monsoon rains,
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Theoretical Consideration of the Influence of
the Shift of Centres of Action on Divergence

in the Equatorial Region

That almospheric circulation increases with
the increase of solar activity is indicated by the
decrease of pw«.xmo in the lower and increase
in the higher latitudest?  Simpson!! discusses
the change in the cloud amount with increased
solar  radiation, Avhml data regarding  the
exact mcmmhnns of the increase in solar energy
utilised for strengthening atmosphevie circula-
tion and lost by reflection into space by the
consequent incerease in cloudiness are not avail-
able.  The faet thal an increcased atmospherie
circulation is necessary for an increase in the
cloud amount perhaps permits the assumption
ithat for any given condition of circulation and
cloud amount a small variation in almospheric
circulation would be proportional to the cor-
responding  variation in solar radiation.  The
probable proportional variation in solar radia-
tion s small--about 0-25 por cent.

Tel A represent the total divergence—~total
amount of air transported—f{rom the regions of
excess insolation to the regions of deficit inso-
Lition,
b-m-ﬂl(‘ mean effeet of insolation on le(‘XHLI‘lCO

over unit arca in excess insolation region,
S--—insolation, (represented in terms of the solar
constant, sunspots, ete)

L-the difference in LIUtleC hetween the mean
positions of the centres of action and the lati-
tude at whiclh sun is overhead.

Then considering an arca of unit  breadth
beltween the centres of action in the two hemi-
spheres, ‘

a2l s  Kls (say) (1)
We may assume thal during any given period
(loe, it

dA

. is constant,

ds " *
and,

s ,

s @ constant® (first order

approXimation) (2)
Constant, A say (3)
with respeet to s,

L dA - dA dS
ds dS s
Now differentiating (1)

A, el
ds Kl -+ Ks s
e ety g 48 o KS R .
I'his reduces to a KL \ using clation (3)
I8
o by (1)
) A
S »
K s:.
A )s
It is evident that
A g
A o

. Right side reduces to
”"Ks”(lwé§Y'
A A

. K AR g?
i.e. K.s ( 4 | Al 1)
which reduces to

ds

ap = TSt S kSt

* This is the assumption on which linear cor relations
are based,
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—by (2) and assuming initial values to make.
the constant of integration wvanish.

That is, the change in the divergence over
unit area in the region of excess insolation as a
result of the latitude shift in the position of
the centres of action is to reduce the diver-
genee by a quantity which is proportional to
S2(1 - yg) 1

Thercfore the combined efleet of the insola-
tion and the shift of the centres of high pres-
sure can be represcnted by the equation

8§ 7 Uy |- (‘L;S |- agsz ok a;‘S"' e
(uplo relevant -terms), where o, Qa,
necessarily negative.

CONCLUDING REMARKS

Solar variations from Scptember to December
have highly significant positive relationship
with the subsequent monsoon rainfall in N.E.
India. The Correlation Cocflicients of October
and November mean solar constant with the
monsoon rainfall in N.E. India are signilicant at
2 per cent, and 1 per cent. levels respectively.
Thisg part of India is under the direct sweep of
the monsoon winds, and hence rainfall there
may be taken to be representative of the acti-
vity of the monsoon. The above result sug-
gests  deflinite relationship between the solar
variations when the sun is south of the equa-
tor (the period of the southern monsoon) and
the subsequent monsoon current over India.
The mode of variation of the solar radiation in
the different months of the preceding year
seems to have influence on the monsoon. 1t
is also suggested that a curve of higher order
may be fitted with better results. Further stu-
dies are in progress,

In conclusion, mention may be made of the
limitation of c¢ven the curvilinvar regression.
With the shift of the centres of action both in
latitude and in longilude the monsoon current
also  gets shifted, which eflfeel does not come
under the purview of the curvilinear regres-
sion,  Qther accidental events, like severe vol-
canice erruplion throwing a lol of dust particles
into the stratosphere, have an inflluence on the
incidence of rainfall by increasing the inter-
zonal temperature gradient, The elfeets of these
and  similar causes are cvidently outlside the
scope of the regression equation.

[ am indebled to Mr. 8. L. Malurkar for sug-
gosting the problem and for going through the
manuscripl.

ete., are

1. S. L. Malurkar, Moreeastinge Woath:e
Fondie, YOG (for Thmited cireulon). 2,
the fuddian Meteorological  Department . 23, Part 11,
8. Jhid. 24, Dart X, 1924, 4. (@) 1L
Solar relations to Weather, 1943, (laptoe
Serpive, 111() Washington  Streot,  Canton,
chussets, US AL (8) 2., Talle 1) po L 5. 1‘1/,-7;;,;;,-_?
of the lmium Aleteorological e partment, 21, Part X,
1015, 6. Sir Napier Sl AW, fl/mmzm/ of J[m‘:orn/m‘ry,
1086, Cambridge University Press, 2, 336, 7. Memoirs
of //m Indian  Meteorological  Depaptment, 1923, 24,
Part V. & Satakopan V., Sunspots and  Monsoon
Rainfall in Indin, Crrr Sei, l‘H(S 15, 15L. 9. Memoirs
of the [fudien  Meteerological  Department, 1928, 25,

wrt 1L, 10 I*M 101, S //r/mz/ Metholds For lu.rmr‘/}c
ll’gr}uv, 19 Pable VAL YLD Memoids of the A’oya{
Meteorological Aum'ly,:’ No. 21, 1928-30,

In ot weir
Wcamoirs of
1022,
Clayton,
Weatker
Mats s -




