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ABSTRACT. The General characteristics of rainfall and it's correlation with sunspot during 1931-
81 over 8 stations in West Bengal have been studied. An average dispersion of oy 20% has been
noticed with an increasing tendency for decreasing latitude. Three years moving average analysis reveals
that whenever the sunspot number increases or decreases the rainfall does so almost simultaneously
except during solar max. years. But average period of rainfall cycle is half of the period of solar
cycle, i.e., 5.5 years, a period compatible with the southern oscillation. Moreover, in S§ maximum years
the rainfall decreases with the increase of SS number. Calculations of average rainfall during different
sunspot phases indicate that the annual rate of rainfall is greater during solar maximum to minimum
phase than that during minimum to maximum phase. However, the difference in the annual rates is not
much, only 15% for two stations and much less for other stations. Using a growth rate model it is
found that in 69% cases the rainfall decreases as sunspot number decreases. Further when the growth
rate and other studies of rainfall in Sub Himalayan West Bengal and Gangetic West Bengal are made
separately it appears that the rainfall of these two regions are oppositely affected by solar activities.
The correlation coefficients between rainfall and sunspot of same year, of previous year and of two
years before have come out as < -1 0.35 arfd mostly it is positive. Further, sunspot’s influence seems
to be most effective on rainfall of the following year.

1. Introduction

The possible influence of solar activity on weather
and climate has become an important scientific topic
of this century. Many scientists possess a critical view
to this (vide, e.g., the review article by Pittock 1978),
but some others strongly believe that there exists rela-
tionship between solar activities (e.g., magneyc struc-
ture, solar wind and radiation) and the earth’s atmos-
phere and climate (e.g., Wilcox 1973, Bucha 1980, 1983).
With reference to the work in India, Jagannathan and
Bhalme (1973) arrived at conclusion that south west
monsoon circulation in India has a periodicity nearing

(%1

sunspot cycle. Sengupta (1957) found an inverse
relationship between sunspot cycle and days of excessive
heavy precipitation over Tamilnadu (south India).
Bhalme and Mooley (1981) with the help of Power
spectrum and cross spectrum analysis have correlated
the flood area fluctuation with 22 years (double) sun-
spot cycle. However, it is true that the results of these
vorks on the influence of solar activity on weather/
cimate are yet to appear as fully consistent. For exam-
pe, for Addis-Ababa (in Ethiopia) a positive corre-
lation (max + 0.33) was obtained between sunspot and
rainfall of 2 years before, whereas for Asmara (another
station in Ethiopia) a negative correlation has ‘been
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TABLE 1

Min. rain
(mm)

Max. rain
(mm)

Station (R) (g)
(mm) }

(A) Darjeeling 2773 5 3792 (1950) 2098 (1976}

(B) Jalpaiguri 3244 4292 (1938) 2278 (1947

(C) Malda 1938 (1981) 601 (1972)

(D) Krishnagar 1424 1960 (1974) 949 (1972)

(E) Burdwan 1356 2044 (1971 690 (1976)

(F) Calcutta 1630 2429 {197%) 909 (1935)

(G) Midnapore 1529 2480 (1949) 761 (1954)

2753 (193D

(H) Sagar Island 1899 1382 (1957)

observed (Wood and Lovett 1974). However. in the
present study also we take up the problem of saime type.
namely, the solar effect on rainfall.

Rainfall and other meteorological parameters though
depend on different factors. e.g.. Orography. pressure
distribution. air pollution etc, but many. in turn, may
depend upon solar activities. Now a good measure for
solar activities is sunspot (SS) number. Thus it is worth-
while to find correlation between the rainfall and SS
number, and also to find the characteristic features of
rainfall during SSma.y phase and SSwin  phase.
The present study is the analysis of rainfall pattern over
West Bengal* during 1931-1981 for which eight stations
in different districts have been chosen. The analysis
has two parts. In the first part the mean, dispersions,
the variation of three year’s moving average of rainfall
with that of SS number, average rate of rainfall and
growth rate (GR) of rainfall during max. to min. and
min. to max. phases of sunspot have been calculated.
In the second part, correlation between rainfall of
different stations with SS number have been found out.
Lastly the dependence of this correlation factor on
latitude have also been calculated. The present ana-
lysis ends at the conclusions and remarks which are in
- favour of saying that solar influence is there on the rain-
fall pattern over West Bengal which is, however, not
similar everywhere. Further, a few suggestions and
long term forecasts are also made.

2. General characteristics of rainfall

To understand the rainfall pattern over West Bengal®
cight representative stations in different districts hive
been chosen. The stations are (A) Darjeeling (27° 03'N,
88° 16’ E), (B) Jalpaiguri (26° 32" N, 84" 43'E), (C) Malda
(25° 02’ N, 88° 08’ E), (D) Krishnagar (23° 24" N.
48° 31’ E), (E) Burdwan (23° 14'N, 87° 51' E), (F) Cal-

cutta (22° 32’ N. 88° 20 E), (G) Midnapore (22° 25’ N, ’

87° 19’ E) and (H) Sagar Island (21° 45’ N, 88° 03’ E).

Figs. I{a&b). Tlurec years running average rainfall vy, years
about which means have been calculated

For Fig. 1{a}. Sagar Islands ———
Calcutta —

Midnapore - ..

For Fig. 1(b). Malda — — - — —
Burdwan ——— .

Krishnagar —.—.. -.._

[FOI‘ Burdwan the value of R corre ondi e
| 1¢ Vi corres mg to g
1977 are 825 mrn o rp lig ’ ;hu years 1976 and

The yearly rainfall data colle
. cted for all the ions
?Ir;) f;)rds I years from 1931 to 1981 except tlfg ::Zggg;
nd (H) for which data upto 1975 were taken.

] A - .
2. 1. Mean and dispersion

The mean rainfall (R), di i
) ‘ , dispersion (¢) ab ¢
;:::Lt;?ll:[ (c}btam.ed from standered (gg\)fiatigzts)tgigl ?];2
ek Ol maximum as well as minimum rainfall (with
sponding years) have been shown in Table 1. It

could be observed that () the mean rai
LD I n rainfa as
glzzml;::tudc Bmcreases from Bay of Ii]eﬂgggcrfg:'e:r;;;
it a%zaj , ut suddenly the rainfall becomes very
il la pal_gun (B) and Darjeeling (A) which arce
ke '?h imalaya, (ii) The average dispersion isa
P th € station G has maximum dispersion (23 g,\)
sl ere exists a weak tendency of decreasi;g'
d é) Jalon' with Increasing latitudes, (iif) Darjeeling (A)
i ];algu}u (B) have highest maximum or minimum
izt ; also have max./min. rainfall which are much
greater than the max./min. rainfall of other stations

»A state in eastern India having an area 87,853 sq km and berwer 21° 45'N & 27° 03'N.
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Fig. 1(c). Three years running average vs. years about which means have been calculated
— +——— Darjecling, ————— Jalpaiguri, — . — . — . sunspofs (S5)
|For Jalpaiguri the value of R for the year 1977 is 2412 mm)
TABLE 2
Moving avg. values of rainfall (mm) for
Moving avg. Years — - A —
value of SS max A B D E F G H
104.3 1937-39 3005 3488 1695 1596 1509 1704 1428 1727
125.4 1968-70 2571 2852 1349 1667 1512 1890 1409 2031
140.9 1947-49 2779 3471 1530 1401 1419 1689 2021 1650
145.7 1979-81 2616 3022 1369 — 1325 1617 1504 —_
178.0 1957-59 3195 3116 1280 1420 1181 1420 1444 1561
2 .2. Three years’ moving average sunspotcurve there are [see Fig. l(¢)—. —.] 5 maxima

The three years moving average values of rainfall

(TQ) and sunspot no. ('5) have been calculated by taking
the mean for consecutive three years, i.e., for any year
n with corresponding value R,; the moving average 1s

given by Ry = % [Reoi+ Ru+ Ry + 1] These
values are plotted to find the overall mode of variation
fof R with S. In general the rainfall curves in Figs. 1(a),
1(b) and 1(c) indicate the following :

(a) During the period under consideration there are 9
maxima and 9 minima in the rainfall curves whereas for

(1937, 47, 57, 70, 79) and 5 minima (1933, 44, 54, 64
76). Thus approximately 3 years is the time required
for rainfall to reach from maxima to next minima or
minima to next maxima of rainfall, and between two
consecutive sunspot maxima or minima there occurs
roughly two peaks and two troughs for zainfall, i.e.,
in general 5.5 years is the time interval between two
consecutive maxima or minima of rainfall. This period
is most probably due to southern oscillation. However,
many astronomers claim that there exists sub-periodicity
of solar activities of 5-6 years. It is, therefore, not
yet possible to denounce the bearing of such solar
periodicity on the observed 5.5' years periodicity of
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TABLE 3
Average rate of rainfall during sunspot phases

Rr (mm/yr.) f{;r (mm)/yr.)
Stations S5 max t0 SS min  SS min 10 SS max
A 2804 2801
B 3255 3232
C 1361 1331
D 1454 1385
E 1461 1272
F 1652 1624
G 1628 1416
H 1879 1908

(b) From the comparison of the rainfall and sunspot
curves and also from above discussion it is clear that
all rainfall maxima (minima) do not correspond to SS
maxima (minima), but the converse may be true,
i.e., almost all the SS maxima (minima), correspond
to rainfall maxima (minima). What we find in general,
is that in the neighbourhood of solar maxima the rain-
fall maxima occur and similarly in the neighbourhood of
solar minima the rainfall minima occur. There is,
however, one or two years difference between the peaks
of the moving average curves of some of the stations.

In general, the rainfall appears to increase with SS
number. But if we now want to pinpoint the behaviour of
rainfall in the solar maximum years we find that usually
the rainfall is not maximum.

(¢) The effect of solar activities appear as opposite
(to that described in ‘b’) in nature if rainfall of solar
maximum year only are compared, namely, the rainfall
of those years become less and less as the SS number
is greater and greater, The station G, however, exihibit
non-consistent behaviour during 1947-49. This effect

§ most prominent in 1957-59 when SS no.
reached a record mark, In fact, at that time the rain-
fall of all the stations except A & B was significantly
less.

This effect is particularly prominent for the stations C
to H where one can find that average values of rainfall
of these stations are 1610, 1643, 1618, 1454 and 1384 mm
for the SS nos. in ascending order as in the Table 2.
These values suggest that there may be some critical
value (=141) of SS no. above which the said effect is
prominent.

Comparison of rainfall at solar max. years indicate
that there could exist a tendency to decrease the ramfall
with increase of SS number (see Table 2). This being
the opposite in nature to that observed in previous
section implies that the SS number reduces the rainfall
provided it exceeds some critical value.

Thus summarising one can say except a few cases the
increase of SS number enhances the rainfall of any year
provided the year under consideration is not a solar
maximum year. Therefore, the duration from SSuin to
SSmax cannot be same as the duration from min.
rainfall to max. rainfall. Rather there being a decrease

of rainfall in the neighbourhood of SSmax, the period
for rainfall curve is half of the period of solar activity.
In fact, if the SS number is quite high or if solar wind
disturbes very much the magnetosphere and hence the
lower atmosphere (see, e.g., Bucha 1980) as in solar max.
year, there arise a tendency, to reduce the rainfall. The
second result is in a sense consistent with the result of
Sengupta (1957) who found the regular recurrence of
excess rainfall days in Tamilnadu (south India) during
SSmin  phase from 1906 to 1955 (i.e., before the occu-
rrence of record SS number of 1957). However, the dis.
crepancy for the station A is most probably due to
geographical positions near Himalayan hills.

2.3. Rainfall during SS,,: to SS,.;, phase and S8S,,;,
to S5, phase

Let us now compare the rainfall during the periods :
SSmax. 10 SSpin and SSpin to $Spas. This will average
out the small scale fluctuations, and reveal the trends
prevailing during those two phases.

To do this let n; is the time interval (in year) from
SSmax t0 SSpim or from SSpim to SSmax * and let there
are ‘m’ such phases of any category during the year 193]-
1981.  Then the average rate of rainfall at any station

is defined by Ry = - L T er where R, represents

"7 m L T '
the total rainfall during n; years. Using the above
formula and taking rainfall date the average values
Ry for all stations have been calculated (vide Table 3).
We note the following salient features :

(i) For all stations the average rainfall is greater during
SSmax to SSm; than  that during SSmin t0 SSmas
except for the station (H). Of course, only for B
& G stations the difference of the rates is 159, otherwise
the difference is much smaller.

(i) The rate is almost same over the region C to G
but suddenly increased at the stations B and A which
are close to Himalayan hills.

(7ii) The difference of rainfall rates between SS max

to S8 min and SS in 10 SS a4y phases tends to increase
with decrease of latitudes.

2.4. Growth rate (GR)

In this section the variational tendency of rainfall in
solar maximum year with respect to that in solar mini-

mum year or vice versa has been studied by a growth
rate model.

Cuii = Ci(1 = C, ;)* where C; and C,+; Tepresent
the rainfall or sunspot value in ith year and (i--n)th
year, C,; represents the growth rate at (i+4-n) th year
and n represents the interval in year from one maxima
(or minima) to next minima (or maxima). The Table
4 consists of such values for the eight different stations
in West Bengal with a time span 1933 to 1979,

The following are the main observations ;

(1) During sunspot maximum to minimum phase the
GR of rain comes out to be negative in 699% cases which

implies that in 699 cases the rainfall decreases as
sunspot no. decreases.

*S5 max. yearto one year before S5 min. is defined as the period

S8 t0 SS min and also SS min to
by énsnxmi“' to S? l:m":- min one year bel'ore SS max
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Fig. 2(a). Variation of correlation factor (r) between
sunspots and rainfall of different stations

TABLE 4

Growth rates of SS number and rainfall during different S5 phases

GR of rainfall (%)

GR of
SS no.
(%)

193337 2
min-max.

1937-44 —30 . +2.0
max-min

1944-47

min-max

1947-54

max-min

1954-57

min-max

1957-64

max-min

1964-70

min-max

1970-76

max-min

1976-79
min-max

SS phase

—2.0

+123 (6.1

—2.8 1.1

-+3.4 0

et ——

C D E F G . H

+8.0

—7.4 —2.0

49 .—3.0 S

0.4 1556 =20 b4

—0.2 +4.8 3.3 4.1

—0.5 —4.8 —7.2 —0.

—3.8

—0.5

(2) In general the GR of rainfall fluctuates with time
similar to that of sunspot. Of course, the fluctuation for
<unspot no. varies from—30%, to--251 7% while that for
rainfall varies only from —22% to +18%, and in most
of the cases this fluctuation is < + 107%.

(3) If we compare the values of GR in any sunspot
phase (say, max. to min.) with its previous phase (i.e,

.GR increases in 53 9, cases.

min. to max.) then the following pointsappeared as
important :

During sunspot min. to max. phase the GR decreases
in 53% cases and during sunspot min. to max. phase the
But these results are not
very much conclusive. So let us divide the stations.
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Fig. 2(b). Latitudewise variation of r for SS nos. Sy, S., S;

TABLE 5

Correlation coefficients between sunspot and rainfall of different stations

Stations
Sunspot . ¢ B
B C D F F G oy
S, 013 - 130 ~.063* —.080 -.076 40 -.2500 —.330
S, 230 096 . 160 160 -.092 180 -.330 -.035
S;‘- L .085 —. 100 +.095 .085 =, 050 -.130 -.350 4,030

into two main groups : Group SHWB, j.e., Sub Hima-
layan West Bengal consisting of stations A and B and
Group GWB, i.e., Gangetic West Bengal consisting of
stations C, D, E, F and G.

It is found for “Group SHWB™ : that during sunspot
max. to min. phase the GR increases in all cases and
during min. to max. the GR decreases in 757 cases.
But for “Group GWB” during sunspot max. to min.
phase the GR decreases in 759 cases and during sun-
spot min. to max. the GR increases in 6877 cases.
Evidently the results for gronps SHWB and GWB are
just opposite in nature.

The stations A, B and C are usually grouped in
SHWB. But in our analysis station “C’" has been found
to have more symmetry with GWB group. Similarly
station H although is considered in Gangetic West
Bengal, it is not included in GWB because it does not
resemble other. Rather it has characteristics quite
opposite to that of Group GWB. Nevertheless, we
do not treat it as a member of group SHWB because
the station H and group SHWB stations are at the two
ends of group GWB region separated by 5°18 latitude.
Thus the station H may be considered as a different

group and such peculiarity may be due to its geographi-

cal position on the Bay of Bengal.

There are two cases, however, when the GR does
not show any change. But these two cases occur during
sunspot min. to max. phase during 1954-57, when the

GR of SS was 251% (max. of all time).

However, the need of

been felt in 1.3 (see Table 3), 1.2c¢ & 1.1 (T
: < bl I ; able 1),
and it was so prominent that needs no i!]ustrgtion.e 2

3. Correlation between sunspot and rainfall of different stations

stations

3.1 . COH(’!RHOH C'Ot:ﬁcf(’ﬂl wit po! 0 r'en
Years l f diﬁ-e ent

The value of correlation coefficient i
ff.tll and SS number of the same year((rd)egztt‘:gegyr?%-
SS number of one year before (S) and SS number i)f"
two years before (S;) have been calculated (Table 5)
and plotted (Fig. 2a). The table shows that in 71
there exists positive correlation.

present grouping has already

% cases
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However, the comparison of the curves in Fig. 2(a)
indicate that the sunspot of one year before has
comparatively better enhancing effect on rainfall. In
other words, the sunspots’ influence takes onc year to
propagate to the region of rainfall (W.B.). In this conne-
ction the results observed by Wood and Lovett (1974)
may be mentioned. Their analysis for 72 years reveals
that in Addis-Ababa maximum positive correlation was
-4-0.33 and it exists between SS and rainfall of 2 years
before, whereas for Asmara — a negative correlation
was obtained. Evidently, this result is not better than
the result obtained here at least in one case.

The discussion in sec. 1.2a, b, c indicate that the
correlation between SS number and rainfall is not a
linear one, rather, after appearance of greater number of
SS there arise two opposite tendencies in rainfall. Most
probably this is why C.F. had come out as low as
<+-0.35.

3.2.1Dependence of correlation coefficient (r) on latitudes

The variation of r with latitude could be found in
Fig. 2(b) corresponding to the three sets of values of SS
number 8y, Sy, and S;. Following is the observation :
Within the zone of our analysis (from 21° 45" N to 27°
03’N) the curves exhibit wavy tendency. For all three
curves one peak occur at latitude 22°25° N and one
trough at Lat. 26° 32'N. In general, fluctuation occurs
at about 2° interval but two prominent peaks or troughs
occur at an interval 4° 35", This implies that SS number
influences the rainfall in opposite manner at an interval
4° 35'. This eflect is almost same in principle as the
‘effect obtained by Wood and Lovett (1974).

4. Conclusion and remarks

The results of the present study lead to’the following
general conclusions :

(i) The yearly variations in the rainfall over eight
- districts of West Bengal are not random even it .1s true
that there exists influence of local conditions. Generally,
the rainfall rate is directly proportional to the SS no.
But if we compare the rainfalls during solar max. years
only then rainfall appears to become less and less as the

SS number is greater and greater. Thus either the
large number of SS greater than some critical value, or
other activities of sun during solar max. phase seems
to be resposible for reversing the normal influence of sun
on rainfall. However, in general the period for rainfall
comes out to be 5.5 years which most probably coincide
with southern oscillation period.

(ii) Average rate of rainfall is, in general, greater
during SSmax to SSmin phase than that during SSmin
to SSmax phase. But the difference of the rates is not
much for most of the stations (2 stations out of 9 have
difference 159%). However, this difference becomes insig-
nificant in higher latitudes.

(éii) Growth Rates in most of the cases are not more lhm}
1-10%. But 70-807; cases imply that rainfall decreases
as SS number decreases. This picture 15 particularly true
for the stations in GWB, while for the stations in SHWB
the opposite picture is obtained. In this conneclion
it is found that Darjeeling and Jalpaiguri behaved like
Sub Himalayan West Bengal and Malda, Krishnagar,

Burdwan, Calcutta, Midnapore all have similar behavi-
our and hence should be called Gangetic West Bengal.
This station Sagar Island’s rainfall does not coincide
with Gangetic West Bengal's rainfall and hence would
be considered separately.

However, the opposite behaviour of SHWB and GWB
w.r.t. rainfall may be due to local conditions. But it has
to be kept in mind that the local condition itself may be
affected by solar activities in such a manner that its
influence on rainfall is just opposite to the influence of
solar activities on rainfall.

(iv) The correlation coefficient between SS number
and rainfall comes out to be <-+0.35. Bt the SS num-
ber of one year before appears to have a better influence
on rainfall and sunspot in general, has an enhancing
effect on rainfall. This effect has found to depend on
latitude. Most probably due to non-linear behaviour
of rainfall the C.F. is as low as < 0.35. Better results
could be achieved if one can study the correlation of
rainfall in different phases of SS number like SSwiy
to one year before SS max etc.

(v) There are many districts in West Bengal. So the
study of rainfall of West Bengal perhaps requires some
more districts to be considered, Evidently the periodi-
city of rainfall can not coincide with the 11-yr. solar
cycle due to the reasons (i)-(iii). Nevertheless, the
influence of solar activities on this regional rainfall is
difficult to be ignored. Of course, the role of solar
activities will be understood in a better way if the effect
of solar activities on monsoon and iceberg on the Hima-
laya could be understood. However, it is always true
that the uncertainty hidden in the statistical analysis
could be removed only when the exact mechanism of
solar action on weather is clear.

(vi) There is every likelihood of decreasing the rainfall
from 1983 until the sunspot will be minimum (perhaps
in 1985-86). After that although the rainfall will slowly
increase, during solar maximum (1990-91) itis expected
to be greater than that in 1985-86 and also greater than
that in 1979 (since in 1990-91 at the 11-yr. cycle the SS
number is expected the less than that in 1979). However,

all these may occur provided there does nof arise any
unusual event on sun.
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