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ABSTRACT. General characteristic features of thunderstorm [requency (TSF) observed during (1957-
89) during pre-monsoon season at Sriniketan (23°39'N, 87°42'E), Alipore (22°32'N, 88*20'E) and Kalaikunda
(22°20'N, 87° 13'E) have been studied. Tt is seen thal premonsoon TSF follows a rough periodicity of 6.6 years.
For Kalaikunda (KLK) there is an overall upward trend and for Sriniketan (SKT) an overall downward trend;
whereas, for Alipore (ALP) the trend pattern remains practically constant. The maximum TSF antained by all
these three stations is nearly twice that of mean TSF of respective stations.

The solar influence on the frequency of thunderstorm (TS) has been investigated and found to be
interesting. TSF over SKT and KLK anained minimum value while that over ALP was near minimum during,
1957; which in turn. was the year of maximum sunspot (SS) nuinber over the entire period of analysis. Now in
general, il we take SS number and TSF of same year and calculate correlation coefficient (CC) considering all
the years, Le, taking SS without any restriction, the CC comes out to be quite small. But the result is just the
reverse when the TSF value of those years is considered when SS number is higher. In panticular when SS
number exceeds some critical value (=140), TSF decreases sharply.

The effect of solar sub-cycle, 11-year cycle and 22-year cycle on TS has also been discussed. It is seen that
during min-max sub-phases, mean TSF is comparatively higher than its value in neighbouring max-min sub-
phases and also it is in opposite phase in relation with mean SS. During 11-year cycle also in most of the cases
an opposile phase relationship exists between me-n TSF and mean SS.

Key words — Pre-monsoon thunderstorm, Sunspot (SS) number, Critical value, Solar cycle.

1. Introduction

Thunderstorm (TS) is a major mesoscale
weather phenomenon particularly during pre-
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monsoon seasons over NEE region of India. Statis-
tical analysis of the frequency, periodicity, duration,
diurnal variation, monthwise and seasonwise dis-
tribution etc. for TS have been done by Sohoni
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TABLE 1

Statistical features of thundersiorm frequency

S. No. Parameter SKT(23°3¥N) ~  ALP(2°32'N) KLK (22°20'N)
1. Mean (TSF) 16.7 206 na
2 Standard deviation (rsg) 6.68 6.76 831
k Coefl. of variation (CV) 401 327 300
4 Maximum TSF 32 37 47
(1963, 192%) (1981, 179%) (1981, 170%)
4. Minimum TSF 1 6 11
(1957. 6%) (1985, 29%) (1957, 40%)
6. Range of TSF 3 3 36
(186%) (150%) (130%)

N.B. Percentage figures are with respect 1o mean.

(1931), Raman and Raghavan (1961), Rao e al.
(1971), Prasad and Pawar (1985), Sivaramkrishnan
(1990) and Kumar (1992) among others.

Many successful investigations have been
made during the last three decades to understand
the influence of solar activity on meteorological
phenomena, viz, southwest monsoon circulation
(Jagannathan and Bhalme 1973). fluctuation of
flood area (Bhalme and Mooley 1981). tempera-
ture (Mohankumar and Davanarayanan 1984),
agricultural productivity (Bishnoi 1986). nile flood
(Mosallam and Tadros 1990). atmospheric elec-
tricity (Markson 1978 and Muir 1978) etc. Also,
Chakraborty and Bondyopadhaya (1986, 1987,
1988, 1989) have shown that the association bet-
ween different weather phenomenon, viz, rainfall,
onset of Indian southwest monsoon, variation of
premonsoon temperature and cyclonic disturban-
ces over Indian sea with solar activity becomes
significant particularly when SS number exceeds
some critical value. Mchankumar and Davana-
rayanan (1983, 1985) have established some phase
relationship between stratopause temperature and
mesospheric mean temperature with solar cycle.
Ananthakrishnan and Parthasarathy (1984)
showed some influence of S8 cycle on annual
rainfall.

The role of solar activity on meteorological
parameters is still a debatable topic and some
possess a critical view to this /Putock 1978,
1983), while some others possess a very opti-
mistic view (Bucha 1980, 1983 and Wilcox, 1973).
This is why more and more studies on solar-

terrestrial interaction are necessary. In the present
paper, an attempt has been made to study the
influence of solar activity (estimated in terms
of annual mean SS number) on the pre-
monsoon TSF.

It is also kown that the frequency of TS is
maximum during pre-monsoon seasor: (Marck to
May) over the NE/E India. In the present paper,
we consider the frequency of premonsoon TS
over the three stations, Sriniketan (SKT) (23°39'N,
87°42'E). Alipore (ALP) (22°32'N, 88°20°E) and
Kalaikunda (KLK) (22°20'N, 87°13'E) in the
eastern India for the 33 years period, 1957 to 1989.
Here number of TS days have been considered as
frequency of TS. As SKT started its operation
from July, 1960, the previous 4 years' data have
been collected from its nearest station Suri
(23°53'N, 87°32'E). The data used have been
collected from Monthly Meteorological Report
(MMR) published by India Meteorological
Departmem (IMD). The annual mean SS number
have been obtained from the Indian Institute of
Astrophysics, Bangalore.

2. Results and discussion

2.1. Some characteristic features of TSF over
SKT, ALP and KLK

2.1.1. General statistcal features of TSF
Some general statistical featutes of TSF over

SKT,  ALP and KLK in pre-monsoon season
(March-May) during 33 years (1957-89) of study




have been presented in Table 1 and discussed
briefly as follows :

() The maximum TSF attained in all three
stations is nearly twice that of mean TSF
of respective stations (vide Table 1).

(ii) The ranges for the three stations are not

- much different though the ranges calcu-

lated with respect to mean shows much
variation.

(fif) During 33 years’ analysis,  there are 5
maxima and 5 minima of TSF curve for
all the three stations (Fig. 1), which are
ensured from Figs. 2(a-c). Thus TSF
curve follows nearly 6.6-year cycle.

(iv) Itisinteresting to note that minimum TSF
~ for both SKT and KLK occurred in the
year 1957. Even in ALP the TSF in that
year was much below the mean TSF
value.

(v) In case of ALP (22°32'N) the mean, stan-
dard deviation (o), maximum and mini-
mum of TSF, all have the values less
than those of KLK (22°20'N), but higher
than those of SKT (23°39'N). Whereas,
maximum and range when expressed in
terms of percentage with respect to
mean, SKT (23°39'N) takes highest
value, KLK (22°20'N) the lowest, with
ALP (22°32’N) in between. Thus,
it appears that there may be reasons
like latitude-wise dependence of TSF.
But there may be other dominating
reasons present.

21.2. Trend of TSF

To understand the trend of TSF with time, let us
find the three years' moving average (TYMA) values
of TSF. This TYMA of any parameter 4 is
defined as,

Ap=1/3 Ay + Ap + Apsy) (1)

where, n is the year for which the average value
is required.

This TYMA value of TSF for SKT, ALP and
KLK produces the Figs. 2 (a-c) respectively.

Now it is interesting to note from these figures
that a common increasing trend persists from 1958
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Figs. 1(a-d). Annual Sun Spot (S§) number and yearly pre-
monsoon thunderstorm frequency (TSF)

to 1963 for all three stations. Moreover, there is a
decreasing trend between 1963-71 and 1977-80 for
SKT. 1981-84 for ALP and 1983-38 for KLK.
Whereas, the increasing trend is maintained bet-
ween 1980-88 and 1971-77 for SKT, 1971-81 and
1984-87 for ALP and 1973-82 and 1982-88 for
KLK.

Again for SKT there is nearly an overall
downward trend, for ALP, no clearcut trend pattern
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Figs. 2 (a-c). 3 years' moving average of TSF of (a) Sriniketan,
(b) Alipore and (c) Kalaikunda

as a whole can be designated; whereas for KLK
nearly an upward trend prevails.

For better understanding of the long t
trend, three years' moving average (TYMA) of 3
years' moving average values of TSF have also
been calculated and the formula used for any
parameter 4 is given as:

Ay = 13 Aoy + Ay + Aysy) )

Same procedure has been followed as was done
in case of TYMA and this also confirmed the
same trend pattern, as observed in case of
TYMA.

Fig. 2(a) suggests that there is a reversal in
direction of trend pattern for SKT with a gap
during 1973-80. Again a much larger and distinct
increasing trend prevails between 1973-81 for ALP
[Fig. 2 (b)] and 1973-82 for KLK [Fig. 2 (c)], unlike
other spells of respective stations. Thus the spell
mentioned shows some disparity in the normal
behaviour of TSF of different stations. There lies
one common solar maximum year, eg, 1979
(Section 2.1.4). Let us discuss some characteris-
tic features of TSF before and after 1979. We
divide the entire period into two parts, 1957-78 and
1979-89.

2.1.3. Characteristic features of TSF before and
afrer 1979

Some characteristic features of TSF for all
three stations during the segmented period have
been presented in Table 2.

(i) Among the three stations if we consider
mean TSF during later half compared to
that during first half, SKT which is in
higher latitude position shows decrease
in value, while ALP, whose latitude posi-
tion is in middle shows marginal shift
with KLK, the lower latitude station
shows increase in value. However, as in
section 2.1.1 (v) the latitude dependence
may not be the only reason.

(if) The dispersion value measured in terms
of coefficient of mean deviation (CMD)
remains same in magnitude with reverse
in direction during each half for SKT
and KLK: while that for ALP takes
negligible value during each half in res-
pect of SKT and KLK.

(iii) Coefficient of variation, which is a rela-
tive measure of fluctuation about mean,
has decreased for SKT as well as for
KLK, but increased remarkably for ALP
during later period (1979-89) as reflected
in Fig. 2(b).

(iv) The trend of TSF for the stations before
and after 1979 can be comprehended
from Figs. 2 (a-c).
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TABLE 2

Characteristic features of TSF before and after 1979

Period Mean
(SD)

Standard deviation

N

Dispersion (%)

Coefl. of'
variation (CV)

Coefl. of mean
deviation (CMD)

SKT ALP KLK SKT ALP

KLK SKT ALP KLK SKT ALP KLK

1957-78 17.8 208 258 7.1 59 743 -6.9 +09 -6.9 7 283 288
1979-89 144 203 315 5.1 82 8.63 —-138 -1.8 +139 353 40.2 213
It is seen from these figures that for SKT the TABLE 3

moving average values of TSF are mostly above
mean line before 1979 and below mean line after
1979. This observation is also well verified from
Table 2, where the mean TSF have decreased
during later half and CMD reverses in direction
taking positive value on first half to negative value
on second half. Thus, there is a decreasing trend
for SKT during later half compared to that during
first half.

For ALP no clearcut trend pattern before and
after 1979 can be designated from the figures as
the points are equally distributed by numbers
around the mean line. But Table 2 suggest that
there is a decreasing trend (though marginally)
on the later half for ALP and likewise dispersion
(in CMD) value have changed in sign, ie,
from positive on first half to negative on later
half.

From Fig. 2(c) it is seen that for KLK the
moving average values of TSF are mostly below
mean line before 1979 and above mean after 1979,
thus showing an increasing trend after 1979. This
is again in coincidence with the observation of
mean and dispersion values (in CMD) of Table 2
for KLK, where the mean TSF value have
increased and dispersion (in CMD) have reversed
in sign with positive value on later half.

2.14. Comparison berween the variation of TSF
and S8

Let us now present some characteristic features
of SS with reference to TSF.

(?) From Table-3 it is seen that SS is highly
variable (CV=68%): whereas TSF is
moderate (Table 1).

Statistical features of sunspot number

Meuan (S) 81.6
Standard deviation (3,) 557
Coell. of variation (CV) 68.3
Maximum E 190.2
(1957, 233%)
Minimum 10.6
(1964, 13.0%)
Range 179.6
(220.1%)

N.B. Percentage figures are with respect 10 mean.

TABLE 4

Charlcl&iﬂlc features of SS number before and after 1979

Dispersion (%)
Standard
Period Mean  deviation Coeff.of Coeff of
(SD) mean variation
deviation (CV)
1957-78 784 56.23 -39 7.7
1979-89 88.0 54.04 7.8 614

(if) The range when calculated in terms of %
with respect to mean it takes much
higher value for SS.than that of TSF for
all -the three stations (Tables 3 & 1),
implying much varied distribution of SS
than TSF.
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years) there are 3 maxima and 3 minima
of SS curve. Thus, on an average the S8
curve follows 11.2-year cycle; whereas

TSF curve follows 6.6-year cycle [section
2.1.1 (iii)]. which is nearly half that of

maximum years and these are 1957, 1970

and 1979. Now from Fig. 1, it is seen that
during all solar maximum years, the TSF
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TABLE 5

Average SS number and TSF in different SS intervals with corresponding year

Average TSF

SS class Corresponding year Average SS number
SKT ALP KLK
0-25 1964, 1965, 1975, 1976, 1985. 1986 146 187 202 285
> 25-50 1961, 1962, 1963, 1966, 1973, 1974, 1977, 368 19.1 206 254

1984, 1987

> 50-75 1983 61.5 17.0 200 430
> 75-100 1971, 1972, 1988 89.0 17.7 203 323
> 100-125 1960, 1967, 1968, 1969. 1978, 1982 1121 19.5 230 283
> 125-150 1970. 1980. 1981 141.0 133 257 360
> 150-175 1959, 1979, 1989 1579 83 173 203
> 175-200 1957, 1958 1875 7.0 135 175

of all three stations are below mean line.
Moreover. TSF attained minimum value
during 1957 for SKT and KLK. and 1979
being another solar maximum year coin-
cides with trough of TSF curve for all
three stations.

2.2. Variation of TSF with large SS number and the
existence of critical SS number

Let us divide the entire SS range (0-200) into dif-
ferent SS classes with a convenient interval of 25.
We plot mean values of TSF against mean values of
SS in each SS intervals in Figs. 3 (a,c & ¢). From
Table 5 and Figs. 3 (a.c&e), 1t is clear that,
generally, if there is any influence of SS on TSF it is
inverse in nature and only effective provided SS
number is quite high even at the maximum end. In
all the cases the inverse effect is prominent only
when mean SS number > 140. But, before that, ie,
0 <SS number < 140, neither the variational
nature is well defined nor it is very prominent in all
the cases except the singular case. SS number ~ 60
for KLK.

Naturally the question arises why the effect is
only visible in case of maximum end of SS num-
ber? But before going to explain that let us go
through the calculation made in Table 6 (a). Here
again the entire SS range (0-200) is divided into 8 SS
classes with a convenient interval of 25. Here we
find, so long as entire range is concerned. the effect
is although inverse but mostly insignificant.
Obviously this implies either there is no influence

or there is a unity of contradiction of two tenden-
cies. Now already these tendencies are notiteable
in Table 5 where, there are both tendencies for
SS < 150. Furthermore, if we go through Tables 6
(a & b) and Figs. 3 (b,d & f), we can compare the
two situations : one is what happens when SS num-
ber is taken from 0 to some value say x and the
other is x—200. The contrast is extremely good for
SKT and easily recognizable for ALP and KLK.
The Figs. 3 (b.d & f) imply that if we take the SS
range from 0 to any value between 25 & 200, The
TSF value almost remains constant and CC
although negative maintains non-significant level.
But. as we move to find the dependence of TSF on
the smaller and smaller range of SS towards maxi-
mum end like 25-200, 50-200, ..... , 150-200 the
inverse effect is more and more prominent, all are
inverse in nature [Table 6 (b) and Figs. 3 (b, d & y)|
and most of CC are significant.

Thus, we arrive at the conclusion that for large
SS number (say > around 140) for all three stations
SKT, ALP and KLK, the TSF decreases with the
increase of SS. But for 'SS number 0-140 the
influence is either sum of two tendencies [Figs. 3
(a,c & e)] or there is no influence. Naturally the
second alternative seems to be more realistic as
because. if there is very small or no SS number, the
question of influence does not arise and any varia-
tion of TSF seems to be due to orography
itself,

Thus. there exist S§ number ~ 140 beyond
which the influence of SS on TS appears to be
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TABLE 6 (a)
Cosrelation coefficient (CC) between SS and TSF for different ranges of SS number
No. of Mean TSF Correlation coeflicient (CC)
Range obsn.
SKT ALP KLK SKT ALP KLK
0-25 6 18.7 202 8.5 -3 -1 -.12
0-50 15 189 204 267 -1 -30 — 46
0-75 16 18.8 204 27.7 =31 -26 - .05
0-100 19 18.6 204 284 -.17 =11 +.16
0-125 25 18.8 210 284 - +.08 +.07
0-150 28 18.3 215 2.2 -20 +.18 +22
0-200 33 16.7 206 n7 -.50 -09 =15

prominent. It is to note here that the result
obtained by Chakraborty and Bondyopadhaya
(1986, 1987, 1988) shows the existence of some
critical value of SS in neighbourhood of 140 to
influence rainfall over West Bengal, onset of

Indian southwest monsoon and pre-monsoon tem-

perature over eastern India.

Again it is seen that when average SS number
increases from 140 to 158 the sharpness of decrease
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TABLE 6(b)
No. of Mean TSF Correlation coefTicient (CC)

Range obsn.
SKT ALP KLK SKT ALP KLK
25-200 27 . 16.2 207 275 -.52 -.14 -.16
50-200 18 14.8 208 28.6 -.58 =27 -58
75-200 17 14.6 209 217 -.61 -32 - 50
100-200 14 14.0 21.0 26.7 -.74 -50 |
125-200 8 99 19.5 25.5 -.54 =61 -7
19.2 -20 -56 -42

150-200 5 7.8 158

of TSF is varied latitudewise (Table S). The decre-
ment is maximum for KLK followed by ALP and
SKT respectively. The same latitudewise depen-
dence is also maintained when we consider the
declining effect of TSF from 125-200 to 150-200
range [Table 6 (b)].

Now same calculations for all three stations
have also been done taking into account the SS of

previous year in place of current year. But the result .

is not so encouraging as was obtained, taking
current year SS data. This is because pre-monsoon
TS, over NE/E India is mainly local scale
phenomenon and may not dependable on previous
year SS data.

2.3. Variation of TSF with solar cycles

Let us now investigate the effect of different SS
cycle, if any, on TSF. The 33 years period of our
analysis comprises of six complete sub-cycles, three
complete 11-year cycles and one complete 22-year
cycle. For elaborate study on the said effect, one
may consider the overlapping cycles and thus
obtain five 11-year cycles and three 22-year cycles.
For each cycle, the mean and standard deviation of
SS as well as TSF are computed vide Tables 7-9.
Computations have also been made for the
deviations of these mean values of TSF and SS from
the corresponding means for each cycle, in terms of
their respective standard deviations. These are rep-
resented by Zrsr and Zg respectively where,

TSF-TSF T s-5
Zrsp= | ———|. Z, = (2)
OTSF T

Here TSF and S are mean and OTsE. 0, standard
deviation of TSF and SS respectively during the
entire period (values given in Tables 1 and 3).

24. Variation with solar sub-cycle

(7)) In respect of phase consideration (Fig. 4 (a)
and Table 7) no clearcut consistency is observed
with SS and TSF for all three stations during solar
sub-cycles.

Though the minimum mean SS occurs when
there is maximum mean TSF for all three stations
(cycle-4). The standard deviation S.D. of SS and
TSF are also minimum during the same sub-cycle
for all three stations. In the said cycle-4, the depar-
ture is maximum negative for SS (Z, = —0.568),
whereas the departure is maximum positive for TSF
of SKT (Zpsg = +2.03), ALP (ZysF = +1.73) and
KLK (Z1sg = +1.13).

On the other hand maximum mean S corres-
ponds to minimum mean TSF in case of ALP and
KLK and very near to the minimum in case of SKT
(sub-cycle 1). In this cycle Z, takes maximum posi-
tive value (Z; = +0451) and ZysF takes maximum
negative value in case of ALP (Zysf = —0.22) and
KLK (Zrsf = —0.48) and next to maximum nega-
tive value in case of SKT (Z1sg = —0.16).

(if) Now when we concentrate on min-max
phases 2, 4, 6 only (Table 7), a defini*> opposite
phase relationship is observed [Fig. 4 (b)] for each
station under consideration, which is not so clear
during max-min phases.

Again TSF is comparatively high, in almost
all the cases of minimum to maximum phases in
comparison to neighbouring maximum to
minimum phases of SS sub-cycle of all three
stations. If we consider the mean values of TSF
during all max-min phases and compare the same
with those during min-max phases, then the above
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observation is confirmed for all three stations as
follows :

SKT ALP KLK
Max-min phase 1497 19.47 2657
Min-max phase 2193 25.02 3129

It may be noted that the pre-monsoon TS
activity over NE/E India is a result of convective
phenomenon for which higher value of temperature
is one of the most important factor. Thus higher
TSF may be expected during solar min-max phases
when the correlation between temperature and SS
number is positive (Chakraborty and Bon-
dyopadhaya 1988).

(iii) From Fig. 4 (a) it is seen that in each sub-
cycle mean TSF takes highest value for KLK
(22°20’'N), followed by ALP (22°32'N) and SKT
(23°39'N) respectively.

2.5. Variation with 11-vear solar cycle
From Table 8 and Fig. 4 (c) it is seen that,

(i) SS and TSF arc opposite in phase in almost
all the cases of three stations under consideration
during 11-year solar cycle. But on the contrary
no general consistency of TSF of three stations
is observed when we concentrate on maximum
mean S (Cycle 3) and minimum mean S (Cycle 1)
11-year cycle.

Cycle 3 corresponds to minimum mean S,
minimum o, and maximum departure below mean
(Z; = —0.358). Whereas on the same cycle of TSF,
there is maximum mean TSF value. with maxi-
mum departure above mean for SKT as well as for
ALP but not for KLK. In this cycle SD of ALP is
minimum and that of SKT is very close to
minimum.

Cycle 1 corresponds to maximum mean S, with
maximum standard deviation and maximum
departure above mean (Z; = +0.151), whereas it
corresponds to minimum mean TSF for ALP and
KLK with minimum SD for KLK and very near to
minimum for ALP and maximum departure below
mean for both ALP and KLK.

(i) During each ll-year cycle as well, KLK
takes highest mean TSF value and SKT the lowest
value, with ALP in between.

2.6. Variation with 22-vear solar cycle

From Table 9 and Fig. 4(d) it is seen that,

(/) There is no general consistency in phase
relationship is observed between SS and TSF of
three stations.

[t could be noted that minimum mean S (Cycle
2)., minimum SD (o,), with maximum departure
below mean line (Z;) corresponds to moderate
mean TSF. moderate SD of TSF, with minimum
departure above mean (Zysp) for all three
stations.

Further maximum mean S (Cycle 1), with maxi-
mum SD (o,) and minimum negative departure Z,
corresponds to maximum mean TSF, maximum
Opsp- Maximum positive departure Ztsf (= +0.17)
above mean line for SKT; whereas minimum mean,
minimum SD for TSF of ALP and KLK.

(if) During each 22-year cycle as well as sub-
cycle and 1l-year cycle, mean TSF of KLK is
highest, SKT the lowest with ALP in between.

3. Conclusions

The present study reveals the following gene-
ral conclusions:

(i) There is rough periodicity of 6.6 years for
TSF of all three stations.

(ii) Normally during solar maximum years
low TSF occurs.

(iii) There exists an overall upward trend of
TSF for KLK, a downward trend for SKT,
but no clearcut trend for ALP during
entire period of analysis.

(iv) Inverse association between TSF and SS
is observed only for high SS values. This,
inturn, implies the existence of a critical
value of SS beyond which TSF decreases
rapidly. This critical value is roughly 140
for all the three stations.

(v) Analysis during solar sub-phases also
indicate an inverse association between
mean TSF and mean SS during mini-
mum to maximum phase. Furthermore,
minimum to maximum sub-phases have
been found to contain some favour on
higher TS compared to the neighbouring
maximum to minimum sub-phases.

(vi) In almost all the 11-year solar cycles an
opposite phase relationship is found to
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TABLE 7

Variation of mean TSF with half solar cycle

393

SS number TSF
Mean (TSF) SD (o7gp) Zigp
Phase Cycle Period Mean SD Z
no. ()] (o) SKT ALP KIK SKT ALP KIK SKT ALP KIK
Max-Min 1 1957-63 1067 677 +451 156 19.1 237 96 5.1 6.5 =16 -2 -—-48
Min-Max 2 1964-69 705 472 -199 188 210 26.0 53 6.9 47 +32 +05 -20
Max-Min 3 1970-75 675 419 -—-253 163 198 240 45 54 9.6 -05 =12 =45
Min-Max 4 1976-78 500 386 -—568 303 323 371 0.8 1.7 12 203 173 | n.‘!
Max-Min 5 1979-85 95.1 508 +.242 130 194 320 48 .93 9.5 -55 -18 d w52
Min-Max 6 198689 756 572 -108 168 218 308 47  52° 68 +01 +.17 - 437
TABLE 8
Variation of mean TSF with 11-year solar cycle
SS number TSF
Mean (TSF) SD (o7g5) Zysy
Phase Cycle Period Mean SD Zg
no. s (s,) SKT ALP KLK SKT ALP KLK SKT ALP KIK
Max-Max 1 195769 900 618 +.151 171 200 248 81 6.1 58 +06 -09 -35
Min-Min 2 1964-75 690 447 226 176 204 250 51 62 76 +.14 03 -33
Max-Max 3 1970-78 616 417 -358 189 20 272 52 55 9.1 +33 +20 -.06
Min-Min 4 1976-85 816 518 —001 163 215 325 6.5 85 80 -—-06 +.13 +58
Max-Max 5 1979-89 880 540 +.115 144 203 315 5.1 82 86 -35 -—05 +46
TABLE 9
Variation of mean TSF with 22-year solar cycle
SS number TSF
Mean (TSF) SD (oy55) PRET
Phase Cycle Period Mean SD Zs -
no. &  (s) SKT ALP KILK SKT ALP KLK SKT ALP KIK
Max-Max 1 1957-78 784 562 -—.057 178 208 258 7.1 59 74  +17 +03 - =23
Min-Min 2 1964-85 74.7 484 -124 170 209 284 58 73 o 86 +05 +04 409
Max-Max 3 1970-89  76.1 506 -098 164 211 296 5.6 71 .&é&l -04 +06 +23

prevail between mean TSF of all stations
and mean SS.

(vii) Among the three stations, latitudewise
variation of mean TSF is observed. KLK

8—168TMD/96

(22°20'N) possess highest mean TSF,
followed by ALP (22°32'N)- and SKT
(23°39'N) respectively. The same ten-
dency is also being maintained during
each solar sub-cycle, 11-year as well as
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22-year cycle. Again the drop of TSF
above critical value is varied latitudewise.
For KLK the drop is maximum followed
by ALP and SKT respectively. However,
before we draw the conclusion about the
latitudinal dependence we must check
whether the orographical explanation is
sufficient to explain this variation or
not.
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