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ABSTRACT. The characteristics of the distribution of the annual number of cyclonic disturbances (C) over
Indian seas (the Bay of Bengal and the Arabian Sea including a few formed over land) during the period 1891 to
1985 and its variation with solar activity, estimated in terms of annual mean sunspot number (5), has been studied.
The variation of cyclonic disturbances with the variation of 11-year solar cycle, double solar cycle and the sun-
spot numbers indicate (/) a decrease in the average value of C with simultaneous increase in 8§ from the middle
of the decade, 1940-50, and (if)a negative association between C and § for large value qf the latter, A critical
value of § in the neighbourhood of 85 has also been found exceeding to which this association becomes prominent
(correlation coefficient= —0. 54, significant at 1 %, level).

1. Introduction

Tropical cyclones, depressions and storms, are the
major weather systems causing frequent natural
calamities and widespread destruction over the coastal
regions of India every year. Statistical analyses of
the frequency, periodicity, etc for the Bay of Bengal
cyclones have been done by Rao er al. (1958), Mooley
(1981), Subbaramayya and Rao (1984) and others.

Since the sun is the primary source of energy, many
attempts have been made during the last few decades
to understand the influence of solar activity on meteoro-
logical phenomena, viz., southwest monsoon circulation
(Jagannathan and Bhalme 1973), temperature (Mohan-
kumar and Devanarayanan 1984), fluctuation of flood
area (Bhalme and Mooley 1981) etc. The study by
Ananthakrishnan and Parthasarathy (1984) on sunspots
in relation to Indian rainfall using different statistical tests,
faintly suggest that there may be a significant associa-
tion of the annual rainfall with the 22-years’ solar cycle.
Chakraborty and Bandyopadhaya (1985, 1986, 1987)
have shown that the association between rainfall and
onset of Indian southwest monsoon with solar activity

becomes significant, particularly when the sunspot
number (S) exceeds the critical value of 140.

The role of solar activity on meteorological para-
meters is still a debatable topic (Pittock 1978, 1983;
Bucha 1980, 1983). In the present paper an attempt has
been made to study the influence of solar activity
(estimated in terms of annual mean sunspot number)
on the annual number of cyclonic disturbances over
the Indian seas (i.e., those formed over the Bay of
Bengal, Arabian Sea and a few numbers over land).

In the present study “cyclonic disturbances™ (herein-
after will be referred to as “‘disturbances™) implies all
the cyclonic circulations from depressions to severe
cyclonic storms but not the ordinary low pressure
areas. The 95 years’ data (from 1891 to 1985) used in
this analysis have been obtained from the *“Tracks
of Storms and Depressions in the Bay of Bengal and
the Arabian Sea” and the “Indian Daily Weather
Reports™  published by the India Meteorological
Department. The annual mean sunspot numbers have
been obtained from the Indian Institute of Astrophysics,
Bangalore.
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2. General statistical features of annual number of c¢yclonic

disturbances and that of sunspot number

One may note the following statistical features of
the annual number of disturbances (C) and of sunspot
number (S). For the yearly values of C and § for the
entire period (1891 to 1985) of the study. refer to
Table 1 . The sunspot number (S) is very highly variable
(789%) while that of the number of disturbances (C)
is moderate (18%).

Features (& S

Mean 16.0 59.1
Standard deviation (o) 2.9 46.0
Coefficient of variation () 18.1 77.8

Highest value 23 (1927) 190.2 (1957)
Percentage of mean (% 143.75 321.83
Lowest value 7 (1984) 1.4 (1913)
Percentage of mean (% 43.75 2.37
Range (highest-lowest) 16 188.8
Percentage of mean (%)) 100 319.46

3. Variation of cyclonic disturbances with solar activity

It is well known that the sunspot series is periodic
in nature with a period of approximately 11 years.
In addition to this, the approximately 22 years’ period
of double solar cycle is also equally important when the
polarity of the magnetic field on the sun becomes
similar. The 95 years’ period of our analysis falls
into 8 solar cycles or 4 double solar cycles together with a
half cycle (from 1979 to 1985). For each of the cycles the
mean values of C and S are computed. We also calculate
the deviations of these mean values of C and § from
the corresponding means for the 11 years and double
solar cycle in terms of their respective standard devi-
ations. These are represented by Z, and Z, respec-
tively (vide Tables 2 and 3). It may be mentioned
here that the Z-value of any parameter x is given by

»=(x-x)/ o, where x and o, respectively represent
the mean and standard deviation of x.

3.1, Variation with 11 years’ solar cycle

The means of C and S over each solar cycle, as in
Table 2, are plotted in Fig. 1(a) against cycle numbers,
This figure reveals that the variations in the means
of C are in phase with the means of § between cycles
3 and 4. From the cycle number 6, which started
in 1947, the variations are in the opposite direction,
The means of S in cycles 6 and 7 are much greater
than those in the other cycles, while the values of C
are lower than the other cycles. Again, from cycle 7
to 8 with decrease of §, the C has increased. In cycle
7 when Z, becomes maximum (=-]-1.6) corresponding

TABLE 3
Means of C and S over double (22 years) cycles

Cycle Period Mean Zs Mean Ze
No. Ay C
1 1893-1916 347 —1.0 16.4 £0.1
2 1917-1936 43.3 —0.6 17.5 41.2
3 1937-1956 70.8 +0.7 16.3 0.0
4 1957-1978 78.4 +1.0 15.1 —1.2
For all double cycles :
Mean 56.8 (S) 16.3 ()
Std, deviation 21.1gs) 0.98(%)

to maximum mean value of S, Z. also becomes maxi-
mum in opposite sense (=-—1.5) corresponding to
minimum mean value of C in Table 2. This suggests
that the negative association between means of C and S
during solar cycles is marked for the higher mean values
of S.

Though the means of S and C are negatively asso-
ciated, the correlation coefficient (CC) between the
two, considering the values in Table 2, is —0.67, which
i's, however, not statistically significant even at 59
evel. '

3.2. Variation with double solar cycle

The mean values of C and S over two consecutive
solar cycles in Table 3 are plotted in Fig. 1(b) against
the respective cycles. The first two values of C and §
vary in the same direction. But after cycle 2, as in
section 3.1, when S becomes markedly greater, the
values of C and S move in the opposite direction. Fur-
ther, in cycle 4 when the deviation of ¢ from the mean is
maximum (Z=--1.0), the deviation of C from its
mean has also been observed to bs maximum (Z,—=
—1.2) but in opposite sense. Thus, the variations of
C and S during a double cycle are also similar as in the
variation during the 11 years’ cycles.

3.3. Variation during the half cycle 1979-1985

We find a half solar cycle (solar maximum to one
year before the next solar minimum year) from 1979
to 1985. The means of § and C during this halfcycle
are respectively 95.1 and 12.3. Comparing the trend
of variations of § and C, means prior to 1979 (from
Table 2 and Table 3), one may note that mean § shows
a marked rise and C a large decline during the period
1979-1985.  This feature has been noticed in Figs.
I(a) and I(b). This study, in respect of means, also
indicates the similar negative association between C and
S as in the variations during 11 years’ cycle and double
cycle.

4. Declining tendency of the number of disturbances from the decade
1940-1950

We now proceed to study the trend in S and C for the
whole period of our study. Three years® moving averages
of S and C are shown in Fig. 2, Considering the devi-
ations above and below the mean lines for § and C,
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TABLE 4

C S
| oummn ot L "A"_'_"—_\
Mean  Std. Coeff. Mean Std. Coeff.
devia- of devia- of
tion varia- tion varia-
tion tion

Period

1891-1946 16.9 2.4
1947-1985 14.6 3.0

14.2% 43.2 30.7
20.5% 81.9 55.9

71.1%
68.3%

one may observe from Fig. 2 that from the decade
of forty the deviations of the moving average values of
S are mostly above the mean line, while the same for ¢
from the middle of the decade of forty are mostly below
the corresponding mean line.

To study the trends further, the whole period has
been split into two—from 1891 to 1946 and from 1947
to 1985. The second spell has been chosen from 1947
as this was the year of solar maximum. The differences
between the means of C and S during the periods
1891-1946 and 1947-1985, as obtained from Table
4, are statistically significant. It is interesting that
while the mean S increases, the mean C decreases very
significantly [This is in consistent with the observations
made in the previous sections].

5. General variation with sunspot number and the critical value

It has been remarked earlier that the negative asso-
ciation between variationsin C and S is prominent
for the higher values of S. The correlation coefficient
(CC) between C and § of the same year for all the 95
years of data is only —0.24, significant at 2% level.
Though the magnitude of this CC is not high, the main
result continues to be the negative association between
C and S. The CC between C and S for the periods
1891-1946 (+0.9) and 1947-1985 (—0.17) are, how-
ever, not significant. Since these values are not signi-
ficant, the negative association between C and S for
the second spell when S was comparatively very high
would have to be noted and examined further. This
is consistent with the results in the previous sections.
Ananthakrishnan and Parthasarathy (1984) have obtain-
ed the same order of negative CC between S and
annual Indian rainfall. But when the period of their
analysis was split into two (each of 54 years) significant
changes in the values of CC were noted as in the
present study. The significance of the change in the
sign of CC would thus need careful consideration before
drawing inferences.

It may be mentioned here that for knowing the level
of significance of the CC using Student’s r-test, the series
in C is required to be tested for normality. However,
as a rough test it is seen that the range in the series of
C (=16) is approximately six times the standard devia-
tion (=2.9) and the mean value of C (=16) lies
approximately in the middle of the highest and the
lowest value. Thus, the series in C may be considered
to be approximately normal (Chambers 1955). The
jevel of significance has been estimated on the basis of
double-tailed #-test,

TABLE 5
Mean value of C for different ranges of §

S5 No. of Mean
interval years LY

0-25 26 11.3
25-50 26 37.4
50-75 13 64.1

75-100 10 83.5
100-125 9 111.2
125-150 6 139.3
150-175 3 155.7
175-200 2 187.5

Now to have an idea of the minimum value of §,
which may be designated as the critical value, exceeding
of which the feature of negative association between C
and S becomes prominent, we now plot the mean values
of C against the mean values of S for different S in-
tervals in Fig. 3. Instead of plotting the individual
annual values of C and § we choose the intervals for
S of width 25 and compute the means C of those years
when § lay in the respective § intervals (Table 5).
Though for the critical value our aim is to find a range
in S of minimum width, the attempt to plot the mean
values of C and S for different S intervals of lower widths
10 or 20 showed absence of valuss for the S intervals,
120 to 130 and 160 to 180. The S-width of 25 has, thus,
been chosen to obtain a continuity in the variations of
mean values of C and S. It may be observed from Fig. 3
that approximately from the point D the values of C
decrease gradually with increase of §. This shows
that the negative association between C and S is promi-
nent when S exceeds a critical value in the neighbour-
hood of the point D, ie., at Sa~85. However, this
association is markediy seen when S exceads 155,

It will be interesting to calculate the CC between
S and C for those years when S attained values of 80-
85 and higher. For all those years when S was greater
than 80 (in 27 occasions), the CC worked out to be
—0.54.  This is significant at 17 level. It may be
added here that the existence of similar critical value
of S for influencing rainfall and onset of Indian south-
west monsoon has been noted in our other studies
(Chakraborty and Bandyopadhaya 1985, 1986, 1987).

6. Conclusion and remarks
The main results of our study are the following :

(i) In general, a negative association between
cyclonic disturbances and sunspot number has
been noted. When § exceeds 80 this negative
association is marked.

(i) Decrease in average value of cyclonic distur-
bances simultaneously with increase in sun-
spot number from the middle of the decade
1940-50, particularly from the solar cycle
started in 1947,

The present paper merely throws some light on the
sun-weather relationship, the establishment of which
will require much extensive and detailed works in
future.
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