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ABSTRACT. The monthly and annual rainfall data for 35 meteorological sub-divisions for the 87-year
period (1901-1987) have been used to study the trends and periodicities of monsoon and annual rainfall series.
A number of distribution-free statistical tests have been applied to the rainfall series for testing non-randomness.
Comparison of the decadewise means with the mean of the whole period showed that, for the countryas a whole,
the annual rainfall indicated four different climatic periods — two periods of above normal rainfall from 1960-1965
and from 1975 onwards and two periods of below normal rainfail from 1901-1915 and 1965-1975 whereas the
monsoon rainfall showed two different climatic periods—a period of below normal rainfall from 1901-1920 and a
period of above normal rainfall from 1920 onwards. The series were also subjected to low-pass filters which showed
the presence of significant long term trend for a few sub-divisions. The power spectrum analysis for the annual and
monthly rainfall series for a large number of sub-divisions showed significant periodicities of 2. 1-3.6 years, which
correspond to the frequency range of the QBO. In addition, periodicities of 5.1 to 10.0 years and 19.3 years or
more were also significant for a number of sub-divisions,
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Summer Monsoon for the period 1871-1978 have found
four different climatic periods increasing tendency in

1. Introduction

Studies on climatic changes over India on the basis of
monsoon and annual rainfall have drawn the atiention
of all the scientists. The tiends and periodicities in
rainfall s21ies, in a way, explain the changing climatic
pattern that we experience’ over some of the meteoro-
logical sub-divisions though the change is not so alarm-
ing. Rao and Jagannathan (1963) studied rainfall data
covering the period 1875-1955 over 25 meieorological
sub-divisions. The study showed some oscillatory/
increasing trend in part of series for certain sub-divisions.
Parthasarathy and Dhar (1974) had a detailed study
for 31 meteorological sub-divisions of India for the
period 1901-1960 and they have found that thers are a
number of contiguous sub-divisions along the western
part of the Peninsula which showed an increasing
trend in mean annual rainfall. Jeseph (1976) identified 3
different rainfall periods in Indian monsoon rainfall
during 1891-1974 — iwo (deficient rainfall periods:
1891-1920 and 1965-1974 and one good rainfall
period, 1931-1960. Mooley and Parthasarathy (1984)
using the residual mass-curve technique cf All India
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rainfall during 1878-1898 and 1933-1964 and cecreasing
tendency in rainfall during 1899-1932 and 1965 on-
wards. The trends and periodicities of monsoon and
annual rainfall have also been studied for some of the
siates or regions independently by Raghavendra (1973,
1974, 1976, 1980) for NW India, Maharashtrz, Andhra
Pradesh and Kerala, Parthasarathy et al. (1976) for
NW India, Rao (1958) for Rajasthan, Chowdhury and
Abhyankar {1976, 1979) for Gujarat, Parthasarathy and
Mcoley (I98]) for Karnataka, Dhar et al. (1982) for
Tamilnadu, Koteswaram and Alvi (1969) for the west
coast and Soman ef al. (1988) for Kerala. All these
studies do not indicate any long term climatic change
but cnly random year to year fluctuations in rainfall.
A significant evidence for the presence of different
periodicities in rainfall series over a wide range of
fiequencies (very low to high) has, however, been indi-
cated. An attempt has been made in this study, based
on the annual and monsoon sub-divisional rainfall
series covering the period 1901-1987, to see the pre-
vailing trend in rainfall pattern.
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2. Data
The monthly and annual rainfall data for 35 meieo- S
| rological sub-divisions (Fig. 1) prepared by the India
| Meteorological Department for the 87—year period ®
(1901-1987) have been made wuse of for this study. =,
Continuous data for 87 vears are available for most of L2 ® ’;‘."

the sub-divisions except the Bay islands and Arunachal
Pradesh which have got thedata of only 83 and 64 years
respectively. Hence for the later part cf the discussion
which warrant a continuous data sei, these two sub-
divisions have not been considered.

As these individual sub-divisions are meteorologi-
cally homogenecus, it is assumed that the monthly and
annual rainfall series obtained for each sub-divisions on
the basis of data of a fairly large number of raingauge
stations are almost homogeneous though there may be
small variations in the aciual number of stations consi-
dered for individual years.

3. Pattern of sub-division wise rainfall distribution

As per the criterion followed by the India Meteoro-
lngical Deparitment, a sub-division is said to receive
excess raintall if the perceniage departure is 209, or
more, normal if the value is between —199% & 199,
deficient if it is between—20Y, &—59°; and scanty if it . ) . . )
lies between — 6079, & ——999%,. For a no rainfall situa- Fig. 1. 35 wmzteorological sub-divisions of India
tion, the perceniage departure will be—100 7.

TABLE 1
From the data of individual years for all the sub- Rainfall Percentage No. of sub-divisions
divisions, the percentage frequencies were calculated type frequency ~— — ———A-——— —
showing the pattern of rainfall distribution for the B D L. Annual Monsoon
annual (Jan-Dec) and monsoon (Jun-Sep) periods and ) ) _ o T
. s : e ) Excess =30 1 1
have been presented for the three main types of rainfall 20 — 30 8 12
realisations (excess, normal and deficient) in Table I, 10 — 20 16 16
10 10 6
The noteworthy features are summarised below Noitial -.80 1 5
- 60 — 80 17 17
(a) Saurashtra & Kutch (5 & K) was the only 40 — 60 6 12
sub-division whose frequency of excess rain 40 I 1
i i - Q -
fall is the maximum = (=>3070). of normal Deficient e . "
rainfall the minimum (<240%7) and of scanty 10 — 20 19 15
rainfall the maximum (5 ;) for both the periods. =10 9 6
(b) 16 Sub-divisions had the frequency of excess
rainfall between 10 & 209, and 17 sub-divisions TABLE 2
had the frequency of normal rainfall between
% for both the periods. | .
60 & 807, fo ‘ P . Period Sub-division CV  Mean rain-

(c) If we examine the patiern of changes from

(%) fall (mm)
monscon period to annual it may be seen

that, there lies an apparent tendency for the Annual Low Alj‘izm & Megha- 9 244308

annual rainfall in the countty to be normal High  West Rajasthan 9 311.47

than becoming either excess or deficiznt as ‘

evident from the increase in the number of Winter Low  J&K 4 178.96

sub-divisions which had a percentage fre- High  Konkan & Goa 235 2.10

quancy of excess rainfall less than 107 and a Pre-monsoon Low  Assam & Megha- 22 619.76

corrasponding decrease in the number of sub- _ laya

divisions which had the percentage frequency High  Saurashtra & Kuich 209 8.29
i ainfe . 20 ° e

of deﬁcnent rainfall greater than _Q ot Kfoiissh L Assati & Meghe~ o 150424

the rainfall over the country is exceptionally laya

good during the monsoon.period. it is some- High  West Rajasthan 41 275,64

what  balanced by relatively poorer rain- Postaiionsaon Lo eral -
: % i . ost-monsoon Low erala 26 22.46

fall during other seasons or a bad monsoon Tamilnadu 3% 49753

rainfall is adjusted suitably by a better per- High  Saurashtra & Kutch 152 24 87
formance in the remaining seasons.




TABLE 3
Month Sub-division CV Mean mon-
(%) thly rain-
fall (mm)
Jun Low Assam & Meghalaya 18 464.8

High Saurashtra & Kutch 86 84.1

Jul Low Assam & Meghalaya 18 449.5
High  Rayalaseema 65 91.5
Aug Low Assam & Meghalaya 20 379.5
High Saurashtra & Kutch 77 122.6
Sep Low Assam & Meghalaya 26 300.4
High Punjab 108 83.0

4, Variability of annual & seasonal rainfall

The coeflicient of variation (), which is the ratio of
the standard deviation to the mean expressed as a per-
centage, is a good measure of the variability of rainfall_

Based on the sub-divisionwise values of the coefficient
of variation for the annual and the fourseasons the
summarised results for the winter (January-February),
pre-monsoon (March - May), monsoon (June-Septem-
ber), post monsoon (October - December) periods and
the annual period are given in the Table 2.

Assam & Meghalaya (A & M) sub-division had the
minimum variability in respect of pre-monsoon, mon-
soon & the annual periods, Jammu & Kashmir (J & K)
had the minimum variability in case of winter season
and Tamilnadu and Kerala, which get bulk of post
monsoon (northeast monsoon) rainfall, had the lowest
variability fcr that season.

S & K bhad the highest variability in the case of
pre-monsoon and post-monsoon seasons, west Rajas-
than had the highest variability in respect of annual
and monsoon periods and Kenkan & Goa, which is
practically dry durirg winter months, had the maximum
variability for that season.

Monsoon rains form the principal component of
rainfall in our country. From the sub-divisionwise values
of C.V. for the monsoon months (June-September),
a summarised picture for the four months of the mon-
soon season is given in Table 3.

A & M sub-division had the minimum variability
for all four months and the values ranged between
18& 267, S & K had the maximum variability of 86
and 77 7; in case of June & August rainfall. Rainfall of
Rayalaseema sub-division was most variable (65%) in
July and Punjab had the maximum variability (108 %)
in September.

5. Seasonal rainfall contribution towards annual rainfall

The mean percentage contributions of the rainfall
of the four seasons to the annual rainfall were
worked out for all the sub-divisions,
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For the winter season, J & K share 18 % of annual
rainfall, the sub-divisions of Himachal Pradesh (HP),
Punjab, Haryana and hills of west Utiar Pradesh
had the value of about 7-10% and for rest of the
sub-divisions, the value was less than 57%.

During the pre-monsoon period J & K contributed
269% to its annual rainfall and Arunachal Pradesh,
A & M, Nagaland-Manipur-Mizoram & Tripura
(Nagaland etc) had their share in the range 20-259%.
Bay islands, Sub-Himalayan West Bengal (SHWB),
Gangetic West Bengal (GWB), HP, Rayalaseema,
Tamilnadu, north and south interior Karnataka,
Kerala and Arabian Sea islands accounted for about
10-159% of their annual rainfall. For rest of the sub-
divisions, the values were below 109%.

For all the sub-divisions except Tamilnadu, the mon-
soon rainfall accounted for bulk of the annual rainfall.
18 subdivisions contributed more than 809, 15 sub-
divisions shared about 50-80%. J & K and Tamilnadu
accounted for 469, and 349, respectively for their
annual rainfall from this season.

In the post monsoon season, Tamilnadu accounted
for 479 of its annual rainfall, coastal Andhra Pra-
desh and Rayalaseema about 31-329%, Bay islands,
north interior Karnataka & Arabian Sea islands about
20-259%,, Orissa, J & K, Madhya Maharashtra,
Marathwada, Telangana & Kerala about 10-209%
west Rajasthan had the least share of 3% for its annual
rainfall from this seaon.

6. Test for normality in sub-divisional rainfall

The first important siep in any climatological time
series analysis is to establish the probable form of the
frequency distribution of the variables in the series.
In most cases where the variable does not pertain
to an extreme climatological event, the distribution
will approach the Gaussian ‘Normal’ form (WMO
1966).

To test the rainfall series for normality, the pro-
cedure is followed using Fisher's statistics g, and g,
which represent the skewness and kurtosis respectively
of the frequency distribution (Snedecor and
Cochran 1968), It is seen that for the annual rezinfall
series, the ratios of g;/S.E. (g;) and g,/S.E. (g,) were
significant at 5% level for the sub-divisions Crissa,
west Rajasthan and coastal Karnataka which implied
that the frequency distribution of these sub-divisions
were not normal. In addition, the ratio g,/S.E. (g,) was
significant for Haryana, Punjab, J & K and Rayalaseema
sub-civisions which suggested that the frequency distri-
bution for these sub-divisions were somewhat skewed.
The ratio g,/S.E. (g2) was significant for SHWB and
its positive value indicated that the frequencies near
the mode and in the tails were greater than those in
the normal distribution.

For the monsoon rainfall series, both the ratios were
significant for Nagaland etc, west Rajasthan, Rayala-
seema and coastal Karnataka sub-divisions. g,/S.E.(g;)
was significant for Andaman and Nicobar islands
(A & N Islands), Madhya Maharashtra and Kerala
and g,/S.E.(g;) was significant for A & M, SHWB,
Bihar plains and north interior Karnataka sub-divisions,
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The rainfall series for other seasons showed signi-
ficant departure from normality for most of the sub-
divisions.

7. Test for randomness

~ In climatological studies one is concerned with
idertifying the precise nature and extent of non-ran-
domness and any evidence against randomness is related
to some form of climatological fluctuation. So cur
ability to clearly specify the nature and extent of non-
randomness improves our knowledge of the nature of
these fluctuations. In time series analysis there is no
unique single statistical method thai is efficient for
identifying all possible aliernatives to randomness.
viz., persistence, trend. periodic fluctuations etc. A
number of tesis for randomness (WMO 1966) have,
therefore, been applied on the monsoon and annual
rainfall series and aie described below. Many of
these tests are robust and distribution-free and can
be vsed io those frequency distributions that show
departure from Gaussian Normal form also.

(a) Mann-Kendall rank statistic

This is a powerful tesi for randomness against trend.
The T-values were significant at 57, level for H.P.,
Telangana, north interior Karnataka and Kerala sub-
divisions for both the monsocn and annual rainfall
series. In addition the monsoon rainfall series of A &
M, SHWB and J & K sub-divisions were alsc signi-
ficani.

(b) Test based on Spearman’s rank statistic

This is another widely used test for randomness against
the alternative of trend. For the annual and monsocn
rainfall series, it was significant at 5% level for A & M,
HP, Telangana. north interior Karnataka and Kerala.
It was also significant for monsoon rainfall in respect of
Nagaland etc and J & K sub-divisions.

(c) Von Neumann ratio V

Whenever the frequency distribution of the series
approximates to the Gaussian ‘Normal® form, the
test based on Von Neumann ratio is used as a test for
randomness against unspecified alternatives (WMO
1966). For the annual and monsoon rainfall series, 1/
values were significant at 5% level for Nagaland etc,
Madhya Maharashtra, south interior Karnataka and
Kerala sub-divisions. They were also significant for HP
and north interior Karnataka tor monsoon rainfall
series.

(d) Student’s r-test

This test is used to compare the mean values of the
series in two different periods of record to detect any
abrupt slippage of the mean. This test is robust and
can be applied to any arbitrary frequency distribution
(WMO 1966).

The rainfall series of 87 years was split into 2 periods,
of 44 and 43 years length. This test showed that for
the annual rainfall series, the increase in rainfall by
about 7-12 % during the second half for the sub-divisions
of plains of west U.P., Punjab, Konkan & Goa,
Telangana, coastal Karpataka and north interior

Karnataka were significant at 5%, level. These sub-
divisions also showed a significant increase in monsoon
rainfall by about 7 - 14%,. Annual rainfall decreased by
about 7 - 149, in the later half of the series in HP, Tamil
Nadu and Keralaand monsoon rainfall decreased in
HP and Kerala sub-divisions by 9%, and 279, respec-
tively which were statistically significant.

(e) Test based on serial correlation coefficient

The departure from randomness of a series may also
be due to persistence which means that each value
of the series is influenced by its Immediately pre-
ceding value. The significance of the serial correlation
cocfficient (y) for lag 1, is a good indicator for the
presence of persistence in any time series (WMO 1966).

It is seen that the lag | serial correlation coefficient
was significant at 5%, level for Nagaland etc, J &
K, Madhya Maharashtra and south interior Kar-
nataka for annual and monsoon periods. Kerala
showed persistence  only for annual rainfall and
SHWB and HP sub-divisions indicated persistence
only for monsoon rainfall.

To summarise, it may be mentioned that the differ-
rent methods used for testing randomness showed
varying results in respect of some of the sub-divisions.
This may b2 due to the fact that the alternative to
randomness are not generally same for all these pro-
cedures and that for any sub-division, the alternativeto
randomnpess may be more than one. On the whole, the
sub-divisions Assam & Meghalaya, Nagaland etc.
SHWB, HP, J & K, Madhya Maharashtra, Telan-
gana, north interior Karnataka, south interior
Karnataka and Kerala showed some sort of non-
randomness by at least two of the five methods used.

8. Test for homogeneity of variances

The homogeneity of the rainfall series was tested
using Fisher's *F’ statistic defined as F=s)*/s,* where
5;2 and s,® are sample variances of sizes n, and
ns. The data for 87 years was divided into two
parts of sizes 44 and 43 years respectively. Overall
changes in climatic variabilities due to inconstancy of
the dispersion is reflected by the significance of the
test based on variances (WMO 1966).

It is seen that for the annual rainfall series. the F-
value was significant at both 5% and 1% level for
Gangetic West Bengal, J & K and south interior
Karnataka. It was significant at 1%, level but not at
59, level for Assam & Meghalaya, Nagaland etc, SHWB,
Orissa, Bihar plateau, hills of west Uttar Pradesh,
east Rajasthan and coastal Karnataka sub-divisions.
For the monsoon rainfall series the value was signi-
ficant for Nagaland etc, J & K, and south interior
Karnataka at both 5% and 1% level whereas it was
significant for SHWB, GWB and hills of west Uttar
Pradesh at 1%, level only.

9. Trend in annual and monsoon rainfall

(a) Test based on Chi-square
As a qualitative method of finding whether any of
the sub-divisions indicated an increasing or decreasing
trend in rainfall distribution over the period in question,
the actual frequencies of occurrences of different types
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TABLE 4 TABLE 5
Sub-division - - Himachal Pradesh
Annual Monsoon
Annual rainfall Sub-period ———A*——— ——*—— Remarks
. X=X Xk<X X=X Xie<X
[ Frequencies — Observed and expected (in brackets)) — - — —— e ———— ———
1901-1910 6 27(2) 9 24(2) Low
1911-1920 20 13(h) 14 19(1)
Defi- Chi- 1921-1930 1701)  16(2)  18(2)  15(2)
Period Tyoess r e 1931-194C 22(3) 11 22(2) 11
Excess Normal cient d.r. 'lq;:{l'.;t 1941-1950 27(3) 6 25(5) 3 High
’ 1951-1960 24(4) 9 22(5) 11
_—— — — S — 1961-1970 15 18(4) 19 14(3) Low
1971-1980 19(1) 14(4) 18(1) 15(4)
1901-1930 2(3) 20021)  6(6) 2 0.369 1981-1987 27(18)  6(2) 25(10) 8(2) H gh
Recent period
1931-1960 53 24(2 2 241* N
’ & ey e L 1971-1987 2501 8G3) 238 105  High
1961-1987 N3 18(19)  95) 2 6.496*

* Significant at 5% level. d.f. — degrees of freedom,

of rainfall (excess, normal etc) forevery 30-year period
(1901 - 1930, 1931 - 1960, 1961 - 1987) were compared
with the expected frequencies calculated on the
basis of the simple probability method from the
data of the whole period. Chi-square values were
obtained for these 3 periods and tested for its signi-
ficance.

It is seen that for the annual rainfall the Chi-square
values were significantat 5 % level for A & M (end
period), HP (middle & end periods), Vidarbha
(middle period) and north interior Karnataka (begin-
ning period) and at 10 % level for GWB (beginning
period), west Rajasthan (end period) and Madhya
Maharashtra (middle period) sub-divisions. For the
monsoon period, the Chi-square values were significant
at 5% level for A & N Islands (middle period), HP
(middle period) and Tamilnadu (beginning and middle
Berlods and at 107 level for hills of west Uttar

radesh (beginning period) and west Rajasthan (end
period) sub-divisions.

The rainfall generally showed a decreasing trend
during the beginning and the end periods (as indicated
by the decrease in the frequency of excess rainfall and
an increase in the frequency of deficient rainfall) and an
upward trend for the middle period for most of the
sub-divisions.

For an illustration of this method the distribution of
actual and expected frequencies and the corresponding
Chi-square valuesfor the three periods for Himachal
Pradesh sub-division in respect ol annual rainfall distri-
bution is givenin Table 4. The test based on Chi-square
was based on the frequencies of different types of rain-
fall realisations and not on actual rainfall values. Hence,
only a general idea about variations in rainfall pattern
can be arrived at by this method.

(b) Cramer’s test by comparing the means of sub-
periods with the mean of the whole period

This test may be performed for any desired number
and choice of sub-periods in the whole period (WMO
1966). In the present study, the sub-period is chosen
at a decade (10 years) and f, values have been cal-
culated and tested for significance for all the decades
from 1901 to 1980. The last sub-period is taken to

Note : y, — Sub-period mean X — Mean for whole series
(figures give number of sub-divisions. Figures in
brackets are the number of sub-divisions for which
the difference is significant at 5% level),

cover 7 years from 1981 to 1987. In addition, the avers
age for the recent period 1971-1987 (17 years) has
also been tested with the mean of the whole series.
The results for the annual and monsoon rainfall
series showed no systematic variation for any parti-
cular sub-division.

When all the sub-divisions were taken together
and the decadewise variations of rainfall examined,
it is seen that for the annual rainfall series, the
decade 1901-1910 indicated a very low rainfall with
27 out of 33 sub-divisions having mean decade rain-
fall less than the mean for the whole period, the
difference being significant for 2 sub-divisions at
5% level. The decade 1941-1950, on the other hand,
had good rainfall with 27 sub-divisions having mean
decade rainfall more than or equal to the mean for
the whole peried, the difference of 4 sub-divisions
being significant. Again the dccade 1961-1970 was of
slightly below average rainfall, though not as bad
as the first decade. The period 1981-1987 showed
very good rainfall with 27 sub-divisions having above
normal rainfall, the difference in respect of 13 sub-
divisions being significant. The recent period 1971-
1987 also indicated a similar trend as the sub-period
1981-1987 with 25 sub-divisions (11 of which signi-
ficant) having above normal rainfall. The consoli-
dated decadewise results are presented in Table 5.

One of the advantages of the Cramer’s test is that
the value of » (size of the sub-period) can be changed
suitably to find the exact period in which the rainfall
over the country showed variations by considering
the number of sub-divisions getting above/below norm
al rainfall,

From the results for values of n equal to 15, 20,
25 and 30 years composite graphs showing the
number of sub-divisions getting sub-period rainfall
more than the mean rainfall for the whole period
for both the annual and the monsoon rainfall series
were prepared (Fig. 3). For a qualitative assessment
of these composite graphs, it was assumed that the
country’s rainfall would be above/below normal if the
the number of sub-divisions getting rainfall more/less
than the mean rainfall for the whole period.
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It is seen that for the annual rainfall series, taken
together for all the 33 sub-divisions, there were four
different climatic periods - the periods from 1901 to 1915
and 1965-1975 which showed below normal rainfall
and the periods from 1916 to 1965 and 1975 onwards
which showed above normal rainfall,

The monsoon rainfall series, on the other hand
showed below normal period from 1901 to 1920 and
generally above normal rainfall from 1920 onwards.
Even during the period from 1965 to 1975, when the
annual rainfall was below normal, the monsoon
rainfall over the country was nearly normal

In fact, the conclusions arrived at by this method are
too fine as the areal extent and geographical locations
of different sub-divisions are not considered. However,
the results are in general agreement with the published
results (Joseph 1976, Mooley and Parthasarathy 1984).

(c) Low-pass filters

An idea about the long term trend present in a series
can also be obtained if the variations in shorter wave-
length of the series are suppressed by means of a “low-
pass filter”,

Two types of low-pass filters were used in this study.
They were the Spencer’s 15- point filter having unequal
but symmetrical weights (Kendall and Stuart 1966)
and the Gaussian 9 - point filter (WMO 1966) whose
response function is unity at infinite wavelength and
tapers assymptotically to zero as the wavelengths are
decreased. It is found that the filtered series by both
these methods are almost identical.

The actual and filtered annval rainfall series for
some of the sub-divisions which indicated significant
long term trend in some part of the series are given in
Figs. 2 and 4 and are discussed below :

HP “showed an increasing trend from 1930-1945,
a decreasing trend from 1945-1974 and an increasing
trend thereafter,

SHWB showed an increasing trend from 1901 to 1921
decreasing trend from 1921 to 1958, abrupt increasing
trend from 1960 to 1965, a decreasing trend from 1965 to
1976 and an increasing trend in the later part of
the series.

South interior Karnataka showed a gradual in-
creasing trend from 1928 to 1958 and a decreasing trend
in the later part of the series.

Konkan & Goa showed an increasing trend from
1920 to 1956, a decreasing trend from 1956to 1968 and
an incieasing trend from 1968 onwards.

Coastal Karnataka depicted an increasing trend
from 1919to 1960, a sharp decreasing trend from
1960 to 1965 and an increasing trend thereafter.

Kerala showed a dccreasing trend from 1923 to 1953,
a sharp increasing trend from 1953 to 1960 followed
by a sharp decreasing trend from 1960 to 1965.

The filtered series for monsoon rainfall for these
sub-divisions showed similar features.

It is interesting to note that when coastal Karnataka
and Konkan & Goa sub-division, which liec along the
west coast of India, showed an increasing trend from
about 1920 to 1960 Kerala, which is also on the west
coast but to the south of the above two sub-divisions,
showed a decreasing trend during the same period.
This feature of contrasting rainfall trends over
sub-divisions along the west coast is in agreement
with the earlier published results (Koteswaram and
Alvi 1969, Soman ef al. 1988),

10. Periodicities in sub-divisional rainfall

In order to find significant periodicities in annual
and monsoon rainfall series, power spectrum ana-
lysis using Blackman and Tukey’s procedure (WMO
1966) was used for all the 33 sub-divisions. The maxi-
mum lag was varied from 23 to 29 so as to achieve
satisfactory resolution in the spectrum of the series.
Whenever the rainfall series showed persistence of
“Markov™ type, by virtue of its first serial correlation
coefficient being significant, appropriate ‘red-noise’
spectrum was used to determine the significant peaks
‘white-noise” spectrum was used for those rainfall
series which were free from persistence,

For the annual rainfall series the analysis 1evealed
that at 909% confidence limit, the power concentra-
tion was found generally significant over the high
frequency range corresponding to the period of
2.1-3.6 years (21 sub-divisions). This refers to
the frequency range of the QBO as reported by many.
In addition, significant peaks were also seen over the
low frequency range corresponding to the period of
19.3 years or more (9 sub-divisions), and intermediate
periods of 5.1 to 10.0 years (7 sub-divisions), and 11.5
to 16.7 years (4 sub-divisions). At95 per cent limit the
spectral peaks in the frequency band corresponding
to the period 11.5-16.7 years were not significant.
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Conclusions

(a) Saurashtra & Kutch is the only sub-division
which had the maximum frequency for excess
rainfall (73%)), the minimum frequency for
normal rainfall (<<40%) and the maximum
frequency for scanty rainfall (5%) for both
the annual and monsoon p:riods.

(b) There lies an apparent tendency for the
annual rainfall in the country to be normal
than otherwise.

(c) Assam & Meghalaya had the minimum vari-
ability in respect of premonsoon, monsoon
and annual rainfall.J & K had the minimum
variability for winter rainfall. Tamilnadu and
Kerala had the lowest variability for post
monsoon rainfall.

(d) Saurashtra & Kutch and west Rajasthan
sub-divisions had the highest variability
in respect of annual, monsoon and post mon-
soon seasons whereas Konkan & Goa had
the maximum variability for winter rainfall.

(e) Assam & Meghalaya had the minimum vari-
ability for all the four months of the monsoon
scason (18-26",). Saurashtra & Kutch had
the maximum variability of 86 %, and 777,
for June and August rainfall, Rayalaseema had
the maximum variability of 65 9, for July

rainfall and Punjab had the maximum vari-

ability (108 “,) for September rainfall.

(f) Winter and pre-monsoon rainfall tor J & K
contributed the maximum share toward
anpual rainfall (18% and 267%)) among
all the sub-divisions. Monsoon rainfall for
18 sub-divisions contributed more than 80"
of their annual rainfall. The post monsoon
rainfall of Tamilnadu contributed about
47°% for its annual rainfall.

(2) The frequency distribution of the monsoon
and annual rainfall series of most of the sub-
divisions were normal. The rainfall series
for other seasons showed significant departure
from normality for most of the sub-divisions.

(h) Assam & Mecghalaya, Nagaland etc, Sub-Hima-
layan West Bengal, Himachal Pradesh, J&K,
Madhya Maharashtra, Telangana, north
interior Karnataka, south interior Karnataka
and Kerala sub-divisions showed some non-
randomness,

(i) J & K and south interior Karnataka sub-
divisions showed long-term climatic variability
due to inconstancy of dispersion for both the
annual and monsoon rainfall series.

(j) The decade-wise rainfall analysis for the country
as a whole showed poor rainfall for the de-
cades 1901-1910 and 1961- 1970 and good
rainfall for the decade 1941-1950 and the
period 1981-1987. Even considering the
recent period 1971-1987, there was good

rainfall activity in the country.

(k) For the country, taken as a whole, the annual
rainfall showed four different climatic per-
iods — two below normal periods from
1901 to 1915 and 1965 te 1975 and two above
normal periods from 1916 to 1965 and 1975
onwards. The monsoon rainfall, on the other
hand, showed a below normal period from
1901 to 1920 and a generally above normal
period from 1920 onwards.

() The trend analysis using the “low-pass”™ filters
indicated the presence of significant long-
term trend in some part of the rainfall series
for Himachal Pradesh, SHWB, Konkan and
Goa, coastal Karnataka, south interior
Karnataka and Kerala, For the remaining
sub-divisions the filtered series were of
oscillatory nature around the mean and no
significant trend was indicated.

(m) The decreasing trend in the rainfall series of
Kerala sub-division from about 1920-1960
was in contrast tothe increasing trend noticed
in the series of coastal Karpataka and Konkan
& Goa for the same period.

(n) The power spectrum analysis showed that the
monsoon and the annual rainfall series of a
number of sub-divisions had a significant per-
iodicity of 2.1-3.6 years in the higher fre-
quency range. This roughly corresponds to
the QBO. In addition, periodicities of 19.3
years or more (low-frequency) and ol 5.1 to
10.0 years were also significant for a number
of sub-divisions at 95 per cent limit.
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