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FLUCTUATIONS, TRENDS AND PERIO-
DICITIES IN RAINFALL OVER CENTRAL
INDIA

1. Several studies have been made in the past to deter-
mine presence of trend or periodicity in monsoon rainfall
over India. Walker (1910), pioneer in monsoon studies, did
not observe any perceptible changes or trends in rainfall
during the period 1841- 1908. Agarwal (1952) studied rain-
fall for central India and found a steady (though statistically
insignificant) change in the period 1908-40. Pramanik and
Jagannathan (1953) observed a weak increasing linear trend
in rainfall over Nagpur. Parthasarthy and Dhar (1976), based
on 1901-60 data for Madhya Pradesh (M.P.), found.an
increasing trend in annual rainfall in both east and west
Madhya Pradesh. Based on data from 1871-1988,
Parthasarthy et al. (1990) found 52 negative and 66 positive
rainfall departures. Subbaramayya and Naidu (1992) using
rainfall data for the period 1871-1988 found decreasing

. significant trend in monsoon rainfall towards the end of the

previous century which ended by 1904 in west central India,
while rainfall increased from 1940 to 1946 in central India.

1.1. The aim of the present study is to critically examine
rainfall over the central India and to find presence of trend
(positive or negative) and periodicity in the rainfall series.

2. In this study, seasonal (June to September) rainfall
data for east M.P., west M.P. and Vidarbha regions (central
India) for the period of 118 years, i.e., 1875-1992, have been
considered, The data have been collected from the records
of the Additional Director General of Meteorology (Re-
search), Pune.

3, Table 1 contains mean monsoon and annual rainfall,
coefficient of variation(CV) and the proportion of seasonal
rainfall to the total annual as a percentage. It is seen from
the table that east M.P. is the rainiest among the three
sub-divisions. The variability ranges between 15 to 19 % for
both monsoon and annual rainfall in M.P., whereas it is
slightly more in Vidarbha. The monsoon rainfall contributes
to over 87% of annual totals with the highest of 91% in west
M.P. As such, the present study is confined to the rainfall
for the monsoon season only. The presence of trend, or



DINESH069069
Rectangle


LETTERS TO THE EDITOR 145

TABLE 1 TABLE 2
Mean sub-divisional rainfall and coefficient of variation(CV) Statistical test parameters for monsoon rainfall
Sub- Mean Coefficient of Monsoon/ Sub- Von-Neumann  Mann Kendall ~ Spearman rank
division rainfall Variation Annual division ratio (V) rank statistic () statistic (Ys)
(cm) (%) (%) East M.P. 223 -0.08 -0.12
M A M A West M.P. 1.99 -0.09 -0.13
East M.P. 1180 1334 15.5 154 88.5 Vidarbha 225 -0.06 -0.05
West MLP. 094.8 104.2 18.8 18.7 91.0
Vidarbha 093.8 107.6 20.3 19.9 87.2

M - Monsoon, A - Annual, M.P. - Madhya Pradesh

randomness has been examined by subjecting the monsoon
rainfall series to the Mann Kendall rank statistic, the Spear-
man rank statistic, the Von Neumann ratio and low pass
filter. Cramer's test has been used for comparison of means
of sub periods with the mean of the whole period. Power
spectrum and correlogram analysis have been used to find
any hidden periodicity. Intercorrelation amongst the rainfall
of the three sub-divisions was determined to find, spatial
coherence, if any, in rainfall occurrence.

3.1 (a) To determine presence of trend, the following
techniques were adopted in the study. By computing the
correlation between rainfall and the time (by assigning
dummy variable to time), presence of trend has been exam-
ined. In this study, the correlations and slopes of the regres-
sion lines were found very low, negative and insignificant,
suggesting absence of any significant systematic increase or
decrease in rainfall in central India.

(b) Independence of successive observations has been
examined by computing Von-Neumann ratio (Table 2). At
5% level of significance, no trend could be noticed in all the
three sub- divisions of central India.

(c) The Mann Kendall rank statistic (also given in Table
2) shows that the values for all the three sub-divisions are
negative and very near to zero suggesting absence of signifi-
cant trend in rainfall. No significant trend was observed
when the data series of each sub-division was subjected to
Spearman rank statistics (Table 2).

(d) The long term trend present in a series can also be
examined if the variations in the shorter wavelerigth of the
series are suppressed by means of a “low pass filter”. The
weights used in the present study were the nine ordinates of
Gaussian probabilities curve (WMO 1966). The actual and
filtered rainfall series for all the three sub-divisions are
shown in Fig.1. It is found that during 1875 to 1889, there
is an increasing trend in all the three sub-divisions, whereas
during 1890-1900 there is decreasing trend. After that, there
is general increase upto about 1935 and subsequently a
slight decreasing trend is observed in all the three sub-divi-
sions (Parthasarthy and Dhar 1976).

3.2 (a) Periodicities in rainfall for central India have
been examined by subjecting the data to correlgram analysis
by computing auto-correlations from lag 1 to 40. Except in
west M.P., in none of the other sub-divisions, the auto-cor-
relations were found significant. Only one auto-correlation
coefficient for 20 years lag is found significant at 5% level
in west M. P.

(b) When the data was subjected to power spectrum
analysis (unfiltered series) it revealed the presence of cycles
of period exceeding 80 years. The “digital difference filter”,
which is normally used to remove low frequency oscilla-
tions (high period oscillations), was applied. The equation
used for difference filter is

Yi= (Xt - Xi-1)

Where Y, is the filtered series and X is the unfiltered
series. The spectra of ihe filtered rainfall series for the three
sub-divisions are shown in Fig.2, which also contain signifi-
cant values at 95% level. The spectrum in each case is
indicative of white noise. The significant spectral peaks at
95% level have periodicities of 11.7 years, 10.25 years and
6.3 years in case of west M.P., 20.5 years and 16.4 years in
case of east M.P. and 16.4 years and 11.7 years in case of
Vidarbha. The near 1 1-year cycle observed at west M.P. and
Vidarbha corresponds to well known and well documented
solar cycle. The approximate cycle of 22 years at east M.P.
can be considered as the “double sun spot cycle”, also
observed by Bhalme (1975). It may be noted that
Parthasarthy and Dhar (1976) also observed the sunspot
cycle for both the sub-divisions of M.P.

3.3 (a) Since year-to-year trend in rainfall was not seen,
it was thought appropriate to determine, if for a long scale,
say a decade or more, the rainfall has a trend. In this study
the monsoon rainfall series was split up into three 30 - year
period, ie., 1901-30, 1931-60 & 1961-90 and tested for
significance by subjecting it to Cramer’s (1946) test. The
results of the analysis are given in Table 3. It is seen that in
1931-40 in east M.P. and Vidarbha the rainfall increases
significantly by 9% and 15% respectively at 5% level com-
pared to the long term mean. The rainfall increased from the
long term mean by 12% in west M.P. in 1941-50 decade
which was also significant at 1% level (Parathasarthy and
Dhar 1976). In the remaining decades the monsoon rainfall
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difference was not found to be statistically significant from
the long term mean. The 30 - year period rainfall when
subjected to statistical tests, did not reveal any significant
difference among the mean rainfall for each of the three
periods nor with the normal rainfall. This was the case in all
the three meteorological sub-divisions.

(b) When the series was split up into two parts, ie.,
1875-1950 and 1951-1992 and subjected to the above analy-
sis, only over east M.P. during 1875-1950, the rainfall was
found to have increased by 15% from long term average
which was significant at 5% level.

3.4. Generally rainfall in a particular location or region
is seen to be spatially related with that in adjoining locations
or regions. This is because rainfall in tropics (except that
occurring in pre-monsoon season) is generally associated
with large scale synoptic systems. In the present study the
spatial coherence in rainfall in three sub-divisions was at-
tempted by working out inter-correlation of rainfall between
them. The result of the analysis is depicted in Table 4. The
correlation between rainfall over west and cast M.P. was
found as 0.67 and that between west M.P. and Vidarbha was
0.60 which were significant at 5% level. On the other hand
correlation between east M.P. and Vidarbha was 0.43 which
was also significant at 5%.

4. From the foregoing discussions the following con-
clusions can be drawn:

(i) In the three sub-divisions the coefficient of variation
varied between 15 and 20%.

(i) From the decadal analysis itis observed thatin 1931
- 40 in east M.P. and Vidarbha and in 1941-50 in east M.P.
the monsoon rainfall significantly differed from its long
term average.

(iif) An increasing trend during 1875 to 1889, and a
decreasing trend between 1890 and 1900 in all the three
sub-divisions was seen. Weak decreasing trend was also
observed after 1940.

(iv) The rainfall series in each case is indicative of
white- noise and thus free from persistence.

(v) Spatial coherence has been observed in rainfall
occurrence in west M. P. and Vidarbha.

5. The author wishes to express his thanks to the Deputy
Director General of Meteorology (Weather Forecasting),
Pune for encouragement and for the facilities provided for
this study. The author also wishes to thank Dr. A. Chowd-
hury (Retired Deputy Director General of Meteorology) for
his invaluable guidance. The help rendered by officers and
colleagues is also acknowledged.
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West M.P. 1.00 0.67 0.60
East M.P. 0.67 1.00 0.43
Vidarbha 0.60 043 1.00

Parthasarthy, B. and Dhar, O.N., 1976 “Studies of trends and periodicities
of rainfall over Madhya Ptadesh”, Proc. Ind. National Sc. Academy,
42-A, No.1, 73-80,

Parthasarthy, B.. Sonatakke, N.A., Munot, A.A. and Kothawale, D.R.,
1990, “Vagaries of Indian monsoon rainfall and its relationship with
regional/global circulations”, Mausam, 41, 2, 301-308.

Pramanik, S.K. and Jagannathan, P., 1953, “Climatic change in India - I:
Rainfall”, Indian J. Meteor. Geophys., 4, 291-309.

Subbaramayya, 1. and Naidu, C.V., 1992, “Spatial variations and trends in
the Indian Monsoon Rainfall”, Int. J. Climatol., 12, 597-609.

Walker, G.T., 1910, “On the meteorological evidence for supposed changes
of climate in India", Memoirs, India Met. Dept., 21 (Part 1), 1-21.

World Meteorological Organization, 1966, “Climatic Change”, W.M.O.
Tech. Note No. 79.

D.M. RASE

Meteorological Office, Pune - 411005, India
November 1995, Modified 26 December 1996



DINESH069069
Rectangle


	Image00001
	Image00002
	Image00003
	Image00004
	Image00005
	Image00006
	Image00007
	Image00008
	Image00009
	Image00010
	Image00011
	Image00012
	Image00013
	Image00014
	Image00015
	Image00016
	Image00017
	Image00018
	Image00019
	Image00020
	Image00021
	Image00022
	Image00023
	Image00024
	Image00025
	Image00026
	Image00027
	Image00028
	Image00029
	Image00030
	Image00031
	Image00032
	Image00033
	Image00034
	Image00035
	Image00036
	Image00037
	Image00038
	Image00039
	Image00040
	Image00041
	Image00042
	Image00043
	Image00044
	Image00045
	Image00046
	Image00047
	Image00048
	Image00049
	Image00050
	Image00051
	Image00052
	Image00053
	Image00054
	Image00055
	Image00056
	Image00057
	Image00058
	Image00059
	Image00060
	Image00061
	Image00062
	Image00063
	Image00064
	Image00065
	Image00066
	Image00067
	Image00068
	Image00069
	Image00070
	Image00071
	Image00072
	Image00073
	Image00074
	Image00075
	Image00076
	Image00077
	Image00078
	Image00079
	Image00080
	Image00081
	Image00082
	Image00083
	Image00084
	Image00085
	Image00086
	Image00087
	Image00088
	Image00089
	Image00090
	Image00091
	Image00092
	Image00093
	Image00094
	Image00095
	Image00096
	Image00097
	Image00098
	Image00099
	Image00100
	Image00101
	Image00102
	Image00103
	Image00104
	Image00105
	Image00106
	Image00107
	Image00108
	Image00109
	Image00110
	Image00111
	Image00112
	Image00113
	Image00114
	Image00115
	Image00116
	Image00117
	Image00118
	Image00119
	Image00120
	Image00121
	Image00122
	Image00123
	Image00124
	Image00125
	Image00126
	Image00127
	Image00128
	Image00129
	Image00130
	Image00131
	Image00132
	Image00133
	Image00134
	Image00135
	Image00136
	Image00137
	Image00138
	Image00139
	Image00140
	Image00141
	Image00142
	Image00143
	Image00144
	Image00145
	Image00146
	Image00147
	Image00148
	Image00149
	Image00150
	Image00151
	Image00152
	Image00153
	Image00154
	Image00155
	Image00156
	Image00157
	Image00158
	Image00159
	Image00160
	Image00161
	Image00162
	Image00163
	Image00164
	Image00165
	Image00166

