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ABSTRACT. The Maharashtra State of India is divided into four meteorologieal sub-divisions, riz., Konkan,
Madhya Maharashtra, Marathwada and Vidarbha. Of these, Madhya Maharashtra and Marathwada are prone
to droughts. The principal rainy season is the monsoon season of June to September when over 80 per cent
of the annual rainfall is received. The coefficient of variation is about 20 per cent for the annual and monsoon
rainfall except in Marathwada where it is 25 per cent. The annual and monsoon rainfalls follow the normal
distribution for their yearly frequencies. In this region the annual and the menspon rainfall series are highly
corrolatod. In the less deought prone sub-division of Konkan, the annual and monsoon rainfalls show a 100-year
cyole. In all the sub-divisions the successive years' rainfalls are not dependent. The trend as revealed by
fitting of orthogonal polynomials is shown as a quadratic curve for the amnual and monsoon rainfalls of Konkan
and Madhya Maharashtra, the sub-divisions on either side of the Western Ghats. The low pass filter and Mann-
Kendall test against randomness confirmed the trend in Konkan rainfall. The power spectral analysis of the
data indicates the existence of long term trend for monsoon rainfall of Konkan, 60 year cvole for the annual rain-
fall of Konkan and Madhya Maharashtra, 30-year cycle for the annual and monsoon rainfall of Vidarbha, 20.
year cycle for the monsoon rainfall of Marathwada, 15-year cycle for the monsoon rainfall of Madhya Maharashtra,

7+5-year cycle for the annual and monsoon rainfall of Marathwada.

1. Introduetion

The study reported in the present paper is based
cn the analysis of seasonal and annual rainfall of
the four meteorological sub-divisions of Maharash-
tra (Konkan, Madhya Maharashtra, Marathwada
and Vidarbha). In an earlier paper, a detailed
discussion of the trend in rainfall of the stations
in Western Himalayas was made by analysing
the data of the individual stations in that area.
1t was generally concluded that there was no satis-
factory evidence to support the existence of a
general trend in the rainfall of the Western Hi-
malayas. In another paper, the monsoon rainfall
of the Peninsula (consisting of Maharashtra,
Gujarat, Madhya Pradesh, Coastal Andhra Pra-
desh, Telangana, Intericr Mysore North and Coastal
Mysore excluding south Kanara) was analysed
and discussed for general trend and periodicities.
It was concluded that there was absence of amy
trendin the data but a weak indication of the exis-
tence of the Quasi Biennial Oscillation (QBO).In
the present analysis the data of smaller regions—

the meteorological sub-divisions—has been analysed
to study the average and variability of the season-
al and annual rainfall, the nature of the fre-
quency distribution, the existence or otherwise
of long term trends and periodicities. The tech-
niques adopted are the same as those applied to
the monsoon rainfall of the Peninsula.

2. Data

Fig. 1 shows the State of Maharashtra with the
district-wise distribution of raingauge stations
having normals in the four meteorological sub-
divisions. The stations started recording rainfall
in different years. Therefore, the average and nor-
mal rainfall of the sub-divisions in each year has
been arrived at by caleulating the average actual
monthly rainfall for the stations that recorded
rainfall in that year and the corresponding average
normal rainfall. From this, the year’s departure
of rainfall as percentage is computed. After
computing the percentage departures for all the
years, the rainfall series have been worked out

*This study is the first part of a report on trends and periodicities of the rainfall south of Vindhyas,
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Fig. 1

Districtwise distribution of raingauge statit ne having
mormal

using the noimal rainfall of the sub-divisions
calculated on the basis of all raingauge stations
having normals. The monthly rainfall data thus
computed is added up to give the four standard
seasonal rainfall and the annual rainfall values.
The seasons are the Cold Weather season from
January to February (CW), the Hot Weather
season from March to May (HW), the Monsoon
season from June to September (M) and the Post
Monsoon season from October to December
(PM). The numbers of stations having normals
in Konkan, Madhya Maharashtra, Marathwada
and Vidarbha are 42, 112, 9 and 85 respectively.

3. Analysis of Data

The five data series of the four sub-divisions are
analysed statistically for the average and variabili-
ty, type of frequency distribution, nature of trends
and periodicities. The different aspects are dis-
cussed.

3.1. Average and variabilily

Table 1 gives the average, standard deviation,
coeflicient of variation (CV) and the mean devia-
tion of the rainfall data. These are discussed
below for each of the sub-divisions.

Konkan receives an annual rainfall of 304 cm
of which 94 per cent is received in the monsoon
season, 46 per cent in the Post Monsoon season,
1-3 per cent in the Hot Weather season and 0-1
per cent in the Cold Weather season. The CV is
only 17 per cent for both the annual and the mon-
soon seagon, 75 per cent for PM, 153 per cent for
HW and 195 per cent for CW season.

TABLE 1

Sub-divisional annual and seasonal rainfall averages and
varlabilities

Average Average Standard AMean Coeffi-

rainfall as per devia-  devia- cient of
cent of tion tion varia-
Sub-divisions annual tion
(cm) (em) (em) {per
cent)
Annual
Konkan 303+ 6 100 52-3 41-1 ]
(1878-1970)
Madhya
Maharashtra 101-9 100 181 14+ 1 18
(1878-1970)
Marathwada 85-2 oo 207 16-7 25
(1879-1970)
Vidarbha 110-5 10O 20:8 16-5 19

(1876-1970)

Cold Weather season (CW)
Konkan 04 01 08 04 195
Madhya
Maharashira 05 05 0-8 0-5 157
Marathwatla 1-0 I1-2 1-4 1-0 143
Vidarbha 2:3 2-1 24 1-9 104
Hot Weather season (HW)
Konkan 39 1-3 G 3.9 H3l
Mahya
Maharashira 49 48 3+ 26 71
Marathwada 32 3-8 2-9 2-2 91
Vidarbha 35 3-2 2:9 21 s1
Monsoon season (M)
Konkan 285°4 HE! 488 375 17
Madhya
Maharashira 850 83 14-8 11:2 17
Marathwada 72:4 85 18- 3 15:0 25
Vidarbha 96-9 88 18:0 1443 19
Post monsoon season (PM)
Konkan 13:9 4G 10-3 126 5
Madhya
Maharashira 11°6 1] 62 b1 i |
Marathwada 86 10 61 49 71
Vidarbha 7-9 7B | 85 4-5 70

Madhya Maharashira receives an annual rainfall
of 102 em of which 83 per cent is received in the
Monsoon season, 11 per cent in the PM season,
4-8 percent in the HW and 0-5 per cent in the
CW season. The CV is 18 per cent for the annual,
17 per cent for the Monsoon. 54 per cent for PM,
91 per cent for HW and 157 per cent for the CW
Season.
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Marathwada receives an annual rainfall of 85 em
of which 85 per cent isreceived in the Monsoon
season, 10 per cent in the Post Monsoon season,
3-8 per cent in Hot Weather season and 1-2 per
cent in the Cold Weather season. The CV is
25 per cent for both the annual and the monsoon
season’s rainfall, 71 per cent for the PM season,
91 per cent for the HW and 143 per cent for CwW
Seasons,

Vidarbha receives an annual rainfall of 111 em
of which 88 per cent is received in the Monsoon
season, 7.1 per cent in the Post Monsoon season,
3+2 per cent in the Hot Weather season and 2-1
per cent in the Cold Weather season. The CV is
19 per cent for both the annual and Monsoon sea-
son’s rainfalls, 70 per cent for the Post Monsoon, 81
per cent for the Hot Weather and 104 per cent for
the Cold Weather seasons’ rainfall.

In all the four sub-divisions, the Monsoon season
accounts for the major portion of the annual rain-
fall and has a variability similar to that of the
annual. The CV for both annual and monsoon
rainfall is less than 20 per cent except in the case of
Marathwada which has a CV of 25 per cent. The
other seasons, except the Post Monsoon season,
contribute very small percentages to the annual
rainfall and are highly variable.

3.2. Nature of frequency distribution

The parameters defined by Fisher, wi.
7, gg and their standard errors were computed
for the data and the inferences are given below.

All the annual and Mongoon season’s rainfalls
are having a normal distribution for their fre-
quencies. Therefore, there is only a five per cent
chance that the annual rainfall and the monsoon
rainfall of Konkan will lie outside 303-6 -- 2(52-3)
em and 285-4-4-2 (48-8) cm respectively.

In Madhya Maharashtra, there is only a five
per cent chance that the annual and monsoon
rainfall will lie outside 101-9 4+ 2 (18-1) em and
85:04-2 (14-8) cm respectively.

In Marathwada there is only a five per cent
chance that the annual and Monsoon rainfall will
lie outside 85-2-4-2(20-7) cm and 72-44-2 (18+3)
cm respectively.

In Vidarbha there is only five per cent chance that
the annual and the Monsoon rainfall will lie
outside 110-5+4+2 (20-8) em &nd 96-942 (18-0)
cm respectively. .

In the other seasons the distribtution is skew
throughout and having kurtosis except for the
W season of Marathwada and Vidarbha and
Monsoon season of Madhya Maharashtra, Marath-
wada and Vidarbha,

3-3. Inter-correlation between seasonal and sub-
divisional rainfall

The correlation coefficients between the five
seasonal and annual rainfall series of the four
sub-divisions (20 data series) were computed. The
correlation coefficents (82 out of 171) are signi-
ficant. ;

The annual rainfall and monsoon rainfall are
highly correlated whether it is between the sub-
divisions or between the seasons. The Post
Monsoon rainfall is also having a significant rela-
tionship with the annual rainfall. The seasonal
rainfall are also correlated among themselves
and between sub-divisions.

4, Trends in the data

For the study of trends, the data have been
examined by more than one method so as
to confirm the existence or otherwise of any general
trend in the data series and these are discussed
below :

4-1. Comparison of short period means with the
long period averages

To study the changes in the data with respect to
time, the decade averages were computed for the
decades from 1881-1890 to 1961-1970. The de-
cade averages were tested against the correspond-
ing long period averages by the parameter ‘t¢
which is given by

Tp—T

k(n—2) ]1]3
2

s n—k—k(w}i:i) JL

where 7 is the number of values in the whole series,
k the number of years in the short period and s the
standard deviation. It can be shown that #; is
distributed as Student’s ¢ with (n-—2) degrees of
freedom.

=

Table 2 gives the decade averages with the
corresponding values of # for the annual and
Monsoon season. For other seasons the values are
computed and discussed.

To examine whether the most recent period data
is significantly different from the complete data
series, averages for the 25 years, 1946-70 were also
computed and tested against the long period
averages. The period averages for annual and
monsoon season are given in Table 2 and the
results are discussed.

4.1.1. Annual — In Konkan, the decade 1901-
1910 has significantly low rainfall and 1951-1960
has significantly high rainfall, The recent period
average for 1946-1970 is also significantly high,
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TABLE 2
Period averages (em)
Konkan Madhya Maharashtra Marathwada Vidarbha
f-J\__' e e | r:‘————-*-——' = s = e ey
Average rk Average lk Average ’k Average .'k
Annuaj
13811801 337 06 111-8 1-9 91-3 10 1216 1-8
1891.1900 30447 01 108-7 1-3 85-2 -0 106G+ 8 —A 6
19011910 267-8 —20 50+ 1 2-3 82-58 —0 4 106- 0 —07
19111926 281-3 —~1-4 94- 5 —1-3 790 —0'9 106G+ 1 —0)=
1021-1930 2828 —1-3 01-3 —]t G 7149 -3 995 -8
1931-1940 313-4 0-6G 106G-9 09 89-9 0-7 126-7 5%
1941-1950 299- 2 —0:3 104-2 04 70-0 —-09 112-3 0-3
1951-1960 347-8 2-9 104+ 2 04 04-9 16 110-2 04
1961-1970 315-1 07 104+ 4 0-5 92:8 12 108- 8 02
1946-1970 327-3 2-1 105+ 0 10 91-8 19 11040 —00 1
Upto 1970 O3 6 —_ 101-9 — 852 —_ 110+ 5 —
Monsoon season

18811890 2057 07 905 1-2 74-9 04 1059 1+
1891-1900 2873 0-1 93:3 1-9 756 0-6 95+ 1 —0-3
19011910 2568 —2-1 77:3 —1+7 726 0-0 054 —(+ 3
1911-1920 260+ 4 —1-7 783 —1'5 67-3 —) @ 91-1 —1-1
1921-1930 269-9 —-]1 782 —1+5 60~ 2 —2-3 86:8 —1+9
1931-1940 288+ 1 0-2 86-7 0-4 74*5 0-4 108-9 2-3
1941-1950 271-3 —0+3 87-6 06 68-4 —0-7 981 2
1951-1960 325:2 2:8 856 01 805 15 98- 7 03
1961-1970 2089 0-9 856 0-1 79-2 1:2 955 02
1946-1970 3076 2.7 86G-3 05 78-3 1< 9 07-1 0-1
Upto 1970 285-4 -- 850 — 72-4 — 96+ 9 -

These might lead one to suspect a periodicity of
100 years and to infer that recent period rainfall is
increasing, which is not the case as the 1961-1970
decade is already having a lower mean than
1951-1960.

In Madhya Maharashtra the decade 1901-1910
has significantly low rainfall. All other decades and
recent period means are not significantly different
from the long period average.

In Marathwada, the decade 1921-1930 has
significantly low rainfall and the recent period
1946-1970 is almost significantly high. No other
decade or recent period means is significantly
different from the long period average.

In Vidarbha, the decade 1931-1940 has a signi-
ficantly high rainfall. No other decade or recent
period mean is significantly different from the long
period average.

4.1.2. Cold Weather season — In Konkan the
decade 1891-1900, in Marathwada the decade
1921-1930 and in Vidarbha the decade 1941-1950
have significantly high rainfall. None of the other
decade or recent period means is significantly
different from the corresponding long period
averages.

4.1.3. Hot Weather season — In Madhya Maha-
rashtra the decade mean for 1961-1970 and the
recent period mean 1946-1970 are significantly
higher than the long period average.

In Konkan, Marathwada and Vidarbha none of
the decade means or the recent period means is
significantly different from the corresponding
long period averages,

4.1.4. Monsoon season — In Konkan the decade
1901-1910 has significantly low rainfall and the
decade 1951-1960 has significantly high rainfall
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Also the recent period mean for 1946-1970 is
significantly high. This is similar to the annual
rainfall of Konkan.

In Madhya Mabarashtra none of the short
period means or recent period mean is significantly
different from the long period average.

In Marathwada the decade 1921-1930 has
significantly low rainfall. The recent period mean,
1946-1970 is almost significanly high.

In Vidarbha, the decade 1931-1940 has signifi-
cantly high rainfall. No other decade mean or recent
period mean is significantly different from the long
period average.

4.1.5. Post Monsoon season — In Konkan, none of
the decade means or recent period mean is signifi-
cantly different from the long period average except
the decade 1931-1940 which is significantly high.

In Madhya Maharashtra, the decades 1881-1890
and 1931-1940 have significantly high rainfall
and the decade 1901-1910 has significantly low
rainfall.

In Marathwada and Vidarbha the decade 1881-
1890 has significantly high rainfall. y

Out of 160 means only 21 are statistically diffe-
rent from the long period average and they do not
adhere to anycne single pattern of variation.
There is no satisfactory evidence to show the
existence of any systematic change in the data
series.

4 2, Analysis of long term trend by orthogonal
polynomials

To investigate the presence or absence of any
long term trend in the data series, orthogonal poly-
nomials as defined by Fisher (1938) and Rao et
al. (1966) were fitted to the data series. The analy-
sis of variance of the fitting of the polynomials is
discussed below.

4.2.1. Konkan— The total contribution of all
the six degrees of the polynomial is 16 per cent for
the annual and 15 per cent for the Monsoon, 14
per cent for the Cold Weather (CW), 8 per cent
for the Post Monsoon (PM) and 2 per cent for
the Hot Weather (HW) season’s rainfall. Of these
the polynomials for the annual, Monsoon and CW
seasons are significant, Of the individual terms the
quadratic term contributes significantly in the
annual and Monsoon season’s rainfall, while for the
CW seascn the linear and the fifth degree terms
contribute significantly. Although for the PM
season, the total contribution of the polynomial is
not significant, the 3rd degree has a significant
contribution,

As most of the rainfall is received during the
Monsoon season, it may be inferred that the trend
of rainfall of Konkan is of a quadratie polynomial
during the period 1878 to 1970.

4.2.2. Madhya Maharashira— The total contri-
buticn of all the six degrees of the polynomial is 15
per cent for the annual and 17 per cent, 15 per cent
9 per cent and 6 per cent for the PM, HW, M and
(W seasons. Of these, polynomials for the annual,
PM and HW seasons contribute significantly. Of the
individual terms, the quadratic terms contribute
significantly for the anmmual, HW and Monsocon
season, while the 3rd degree and 6th degree contri-
bute significantly for the PM season.

The general nature of the rainfall series appears
to be of a quadratic eurve during the period 1878-
1970 but that of the PM season is a sixth degree
curve.

4.2.3. Marathwada— The total contribution cf
all the six degrees of the polynomial is 11 per cent
for the annual and 17 per cent, 14 per cent, 8 per
cent and 7 per cent for the PM, CW, M and HW
seasons. Of these, the PM and CW seasons’ pely-
nomials contribute significantly. Of the individual
terms the quadratic term contributes significantly
for the annual, CW and Monsoon seasons and the
3rd and 6th degree terms for the PM season.

As the annual and the Monsoon season’s rainfall
are most important, there appears to be absence of
any trend in the rainfall of Marathwada. However
the PM season’s rainfall is of a sixth degree curve
and the CW of a quadratic curve for the period
1879-1970.

4.2.4. Vidarbha — The total contribution of the
six degrees of the polynomial is 11 per cent for the
annual and 18 per cent, 12 per cent, 8 per cent and 1
per cent for PM, CW, Monsoon and HW seasons,
Of these, the contribution of the PM season’s rain-
fallis significant. Of the individual terms the quad-
ratic contributes significantly for the CW season
and the 5th degree and 6th degree terms for the
PM season.

As the annual and Monsoon season’s rainfalls
are most important, here again there appears
to be absence of a general trend in the rainfall of
Vidarbha. However, the PM season’s rainfall
during 1876-1970 appears to follow a sixth
degree curve. .

Thus it is seen that the nature and trend of the
rainfall of Konkan and Madhya Maharashtra is of
a quadratic curve while there is no trend in the
rainfall of Marathwada and Vidarbha.
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4.3. Trend analysis by low pass filter and tests weights) Low Pass Filter (LPF) to study the trends \
agams: fandommess in annual and Monsoon rainfall of twenty selected
Koteswaram and Alvi (1970) have applied the stations in India. The Mann-Kendall test for
100 binomial coefficient weights (effective 31 randomness was also applied for significance of
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trends indicated by the LPF. Similar LPF has
heen applied to annual and seasonal rainfall for the
four sub-divisions of Maharashtra State. Figs. 2
to 6 give the actual rainfall, sixth degree polynomial
fit and the LPF curve for the annual and four
seasons CW, HW, M and PM respectively. The
last section of LPF that showed an increase or
decrease has been listed in Table 3. The period
of increase or decrease, its percentage change, its
corresponding percentage change for sixth degree
polynomial and the increase or decrease for the last
15 years in the polynomial for which no LPF
values are available are also given in the Table 3
along with the Mann-Kendall Test against random-
ness. The results are discussed below.

4.3.1. Annual —The last sections of LPF for
the periods 1940-55, 1949-55, 1943-55 and 1952-55
show an increasing trend for Konkan, Madhya
Maharashtra, Marathwada and Vidarbha res-
pectively. A similar trend is also exhibited by the
polynomial. However, the 15 years following 1955
in the polynomial showed decreasing trend. The
Mann-Kendall test indicated that the trends for
Konkan alone are significant. All changes
indicated are about 1 per cent or less.

4.3.2, Cold Weather season — The last section of
the LPF and the corresponding section of the
orthogonal polynomial showed a decreasing trend.
But the last fifteen years of the polynomial for
1956-70 also showed a decreasing trend except for
Marathwada where it was increasing. The Mann-
Kendall test indicated the trend in Konkan and
Marathwada as significant. However, it is to be
noted that this season contributes less than a few
per cent to the annual rainfall,

4. 3.3. Hot Weather season — The last section of
the LPF and the corresponding section of the or-
thogonal polynomial showed an increasing trend.
But the last fifteen years in the polynomial for
1956-70 showed a decreasing trend except for
Vidarbha. The Mann-Kendall test indicated the
trend in Marathwada as significant.

4.3.4. Monsoon season — Here also the last sec-
tions of the LPF show an increasing trend. The
periods are 1939-556 for Konkan; 1950-556 for
Madhya Maharashtra; 1942-55 for Marathwada
and 19561-565 for Vidarbha.

A similar trend was also shown in the polynomial
except for Madhya Maharashtra. In the last 15
years’ period 1956-70, Konkan and Vidarbha
showed a decreasing trend while Madhya Maha-
rashtra and Marathwada showed an increasing
trend. All changes indicated are about 1 per cent
or less, The Mann-Kendall test indicated the
trends in Konkan as significant.

4.3.5. Post Monsoon season — Here also the last
section of LPF showed an increasing trend which
was also seen in the polynomial. But the last
fifteen years in the polynomial showed decreasing
trend. The Mann-Kendall test indicated the trends
as insignificant.

The trends for the annual and Monsoon rainfall
for Konkan are significant.

4.4. Persistency vn the data series—To see
whether any year’s rainfall is having a direct rela-
tionship with the rainfall that occurred in the pre-
vicus years, serial correlation coefficients were
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computed upto lags 10 years, These are discussed
seasonwise,

4.4.1. Annual—Of the 40 serial correlation coeffi-
cients, the fifth for Konkan, the first for Marath-
wada and the second for Vidarbha, are significant.
There is a good chance that the sixth year may be
similar to the current year for Konkan, the second
year be similar to the enrrent year for Marathwada

and the third year may be similar to the current
year for Vidarbha.

4.4.2. Monsoan season —- Of the 40 serial corre-
lation coefficients only the 5th for Konkan and
2nd for Vidarbha are significant. It is likely that the
sixth year for Konkan may be similar to the current.
year and the third year for Vidarbha may be
similar-to the eurrent year.
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TABLE 3
Average and percentage increase or deerease and randomness test against trends

Percentageinerease or
decrease in

Sab-divisions Avyerage Period of —— — e —— Rank statistics
raintall thelast LPFin Polynomial Period = A ey Remarks
{em) spotion the last in LPF 1956-1970 r r{t)
in LPF  section in the
polynomial
Annual
Konkan 303-6  1949-55 0095 4077 —1-39 —0-1520  0-1384¢  Significant
Madhya Maharashtra 1019  1949-55 4047 4025 —i0)- 54 0- 0134 0-1384 Insignificant
Marathwada 85-2 1943-55 +1-18 +0- 87 —0- 59 —0- 0836 0- 1384 Do.
Vidarbha 1105 195255 -+0-43  +0°06 —0-96 0:0191  0-1384 Do.
: Cold Weather season
Konkan 04  1044-55 —6- 59 —2:27  —3-33 0-1572  0-1384 Significant
Madhya Maharashtra 05 104368 —7:-00 —5:00 —1-20 0-0325  0+1384  Insignificant
Marathwada 1-0 1944-55 —5-18 —5-45 9-33 —0- 2102 0- 1384 Significant
Vidarbha 2:3  1943.55 —T7-64 —2: 42 —2:30 —( 0602 0-1384 Ingignificant
Hot Weather season
Ronkan 39 1931-556 4-2-29 2- 62 —6+ 38 —0-0105 0+ 1384 Insignificant
Madhya Maharashtra 49 1940-55 1-2-97 4+49 —4-78 —0:0546  0-1384 Do.
Marathwada 32 1946.56 +5-66 519 —5-08 —0- 1658 0- 1384 Significant
vidarbha 85 194955  +2+00 0+ 00 188 —0+1076  0-1384  Insignificant
. Monsoon season
Konkan 2854 ~1939-55 +0+90 0-78 —1+14 —0- 1424 01384 Significant
Madhya Maharashtra 850 1950-55 4028 —0+12 014  —0-0024. 0-1384  TInsignificant
Marathwada 72:4 1942.55 4111 0-74 0-93 —0: 0784 0- 1384 Do.
Vidarbha 06:9 1951-556  +0-48 027 —1-13 0-0086  0-1384 Do.
Post Monsoon season
Koakan 13:9 194455 +1-18 007 —5 04 —0- 0717 0-1384 Insignificant
Madhya Maharashtra 11:'6  1945-56 -0+ 67 035 —3-79 00043 0-1384 Do,
Marathwada 80  1948.56 +1-73 1:80 —5° 04 0+ 0167 01384 Do.
Vidarbha 79  1953-55 4044 041 0-00 0- 0812 0-1384 Do.

4. 4.3. Post Monsoon and Hot Weather seasons — 5. Sz2arch for periodicities by power speetral analysis

Of the 40 serial correlation coefficients none of them The data were subjected to power spectral analy-

is significant.

4.4.4. Cold Weather seastom-— Of the 40 serial
correlation coefficients only the 6th for Madhya
Maharashtra and fifth for Marathwada are signi-
ficant. The contribution of rain in this season is
very small. However, there is a likelyhood that the
seventh year for Madhya Maharashtra and the
sixth year for Marathwada are likely to be similar
to the current year,

sis as described by Blackman and Tukey (1958).
The power spectral study will bring out promi-
nent periodicities in terms of 2m/é intervals
wheret will range from 0 to m. Thus if we are ana-
lysing data of the total number of occurrences for
a year or total number of occurrences for a part of
the year the time interval is a full year. Therefore,
the periods brought outin fractions of a year will
Jead one to infer that the peaksin data are expected
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Actual rainfall (cm), polynomial

to oceur in the particular portion of the year which
the fraction indicates. This is an erroneous inter-
pretation. The periods are to be interpretedin a
way similar to drawing a graph with the periodicity
brought out and picking up the relevant value for a
particular year and that intermediate portion of the
graph between two consecutive intervals of time

and low pass filter

(similar to the graph of the basic data) does not
repesent the progress of the element during the in-
terval of time but is only a connecting link of the
peints representing the value for the particular
points of time. This is a very important aspect to
be borne in mind when interpreting the periodici-
ties in data,
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b-1. Spectral analysis of the data

Power spectrum analysis as described in the

previous section was made for all the data series
using lag limit 30, which is roughly one third the
total number and is expected to bring out the
periodicities- clearly. The results are discussed
below seasonwise,

5.2.1. Annual — Fig.7shows the spectral estimates
with the Null Continuum (NC) and the 95 per cent
Confidence Limit (CL).The peaks that have spectral
estimate exceeding 95 per cent CL are for 60-year
cyclein Konkan and Madhya Maharashtra and the-
30-year cycle for Vidarbha. No spectral estimate
exceeds the 95 per cent CL for Marathwada
although the 7-5 years cycle peak and the 2.3
years cycle peak are near the 95 per-cent CL. There-
fore, the prominent periodicities are the long term
cycle of 60 years for Konkan and Madhya Mahara-
shtra and the 30-year cycle for Vidarbha and 75 and
2-3 years cycle for the Marathwada region.

5.2.2. Monsoon season — Fig. 8 shows the
spectral estimates together with the NC and the
95 per cent CL for Monsoon season for all the four
sub-divisions. The peaks exceeding the 95 per cent
CL are that pertaining to the long term cycle of the
Konkan, I5 years eycle of Madhya Maharashtra
and the 30-year cycle for Vidarbha. The other
peaks that are very near 95 per cent CL are 23
years for Konkan, 7-5 years and 20 years for
Marathwada and 23 and 2-1 years for Vidarbha.
There appears to be a very slow trend and the
QBO for Konkan, a cycle of 15 years for Madhya
Maharashtra, a cycle of 30 years and the QBO for
Vidarbha and the 7-5 years and 20 years for
Mara thwada.

5-2-3. Post Monsoon season — Fig. 9 shows the
spectral estimates together with the NC and the 95
per cent CL for the Post Monsoon season forall the
four sub-divisions. The peaks that exceed the 95 per
cent CL are corresponding 'fo the 3-year cycle fo:
Vidarbhe, 2+ 6 years for Madhya Maharashtra. The
other peaks near 95 per cent CL are the 3-year cycle
of Marathwada and the 30 years cycle of Madhya
Maharashtra. The QBO nearthe 3-year cycleis the
most prominent in this season.

5-2-4. Hot Weather season — Fig. 10 shows the
spectral estimates together with the NC and the
95 per cent CL for the Hot Weather season.The
only peak exceeding 95 per cent CL is forthe 2 years
cycle of Vidarbha and the peak near about 95 per
cent CL is that corresponding to 2 years cyele
for Marathwada. We may expect alternate years
to be good and bad for Marathwada and Vidarbha.

5-2-5. Cold Weather season — Fig. 11shows the
spectral estimate together with NC and the 95
Per cent CL for the Cold Weather season for all
the four sub-divisions. The peaks exceeding 95
per cent CL are corresponding to 2-3 years for
Marathwada only. The peaks having a value
near about 95 per cent CL are for 30-years cycle for
Konkan only. There appears to be no evidence
of any cyele in this season of very low rainfall.

6. Summary and Conclusions

(1) Konkan receives an annual rainfall of 304 ¢,
Madhya Maharashtra 102 cm, Marathwada 85 em
and Vidarbha 111 emrespectively. The Monsoon
season accounts for above 80 per cent of the annual
rainfall in the sub-divisions. The other seasons
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except the Post Monsoon contribute very small
percentages. The annual and Monsoon rainfall
have CV of 20 per cent except that in Marath-
wada where the CV is 25 per cent. The other three
seasonal rainfall series are very highly variable.

(2) The annual and Monsoon seasons rainfall are
having a normal distribution for their frequencies,
The other season’s rainfall are distributed skewish-
ly with kurtosis.

(3) The annual and Monsoon rainfall are very
highly correlated whether it is the rainfall of the
same sub-division and different season or the same
season  and different sub-division. The. Post
Monsoon season is also having a high significant
correlation with the annual rainfall.

(4) The annual and Monsoon rainfall of the
Konkan appear to have a weak indication of a 100-
year cycle, There isno othersatisfactory evidence




TRENDS & PERIODICITIES OF RAINFALL IN MAHARASHTRA

209

POST MONSOON RAINFALL MAHARASHTRA

MARATHWADA

fCot.
8o
€0
. o

20/

{00

SPECTRAL ESTIMATE

8o KONK AN

957%C L

&0

40 N.C
20 d

o -— SR

L60 120 60 40 30 2.4 2.0
PERIOD ( YEARS)

Fig. 9

VIDAREBMA

MADHYA MAHARASHTRA

953 CLy

NG

&G0 120 60 4.0 3.0 2.4 20
"7 LI - W

Spectral analysis

HOT WEATHER SEASON

Eo MARATH WADA

95%cL

e0:

8

mn
2

4 ]

@
<

KONKAN

SPECTRAL ESTIMATE.
0

\n

o~

n

b

o
o]

=~
o

n
.9

o s =
=0 120 €0 4.0 30

A4 Sow L

RAINFALL-MAHARASHTRA

VIDARBHA

95%CL

e

MADHYA MAHARASHTRA

957cl,

Ry

<60 120 6.0 40 30 2.4 20

PERIOD( YEARS)
Fig. 10
Spectral analysis

to show the existence of any systematic change
in the data series.

(5) An examination of trend by fitting orthogonal
polynomials uptosixth degree indicate the general
trend in the rainfall of Konkan and Madhya
Mahearashtrais of a quadratic curve for the annual
and Monsoon season’s rainfall (which accounts for
about 80 per cent of the annual rainfall). The
absence of any trend in the rainfall of Marathwada
and Vidarbha is also indicated.

(6) The LPF and the Mann-Kendalltest against
randomness indicated the trends in the data of
annual and Monsoon season’s rainfall of Konkan as
significant. The increase or decrease indicated by
the last section of the LPF was also shown by the
corresponding section of the orthogonal polyno-
mial but the last 15 years of the period where there
was no LPF value invariably indicated an opposite
trend except for the Cold Weather season which was
decreasing throughout: (This is not very significant
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as this season’s contribution to annual rainfall is
the least).

(7) The power spectral estimates of the data
indicate the existence of a long term slow increasing
trend for the Monsoon rainfall of Konkan 60-year
cycle for the annual rainfall of Konkan and
Madhya Maharashtra, 30-year cycle for annual and
Monsoon rainfall of Vidarbha, 20-year cycle for
Monsoon reinfall of Marathwada and 15-year eyecle
for the Monsoon rainfall of Madhya Maharashtra
7-5 year eycle for the annual and Monsoon rainfall
of Marathwada anda QBO for Post Monsoon
rainfall of Madhya Maharashtra and Vidarbha,

Hot Weather rainfall of Vidarbha and Cold Wea-
ther rainfall of Marathwada.
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